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1. Introduction 

The European Union (EU) and the European Monetary Union represent institutiona l 

initiatives seeking to promote European integration and foster trade flows by abolishing 

trade tariffs within EU member states. However, intra-European trade integration has not 

reached its full potential, according to Chen and Novy (2011). They reveal that technica l 

barriers to trade still impede trade within the EU, which raises the importance of 

implementing trade policies aimed at reducing technical barriers to trade within the EU.  

Policy measures that stimulate regional trade are necessary, such as those aimed at 

improving network infrastructure and those targeted at achieving greater access to 

Information and Communication Technologies (ICT). These two goals are among the key 

objectives of the European Cohesion regional policy 2014-2020 as they constitute a 

vehicle to reduce disparities among regions and foster European integration (European 

Commission, 2014a). The connected Digital Single Market and high-speed infrastruc ture 

with no barriers are among the ten priorities of the European Commission’s President 

Jean-Claude Juncker (European Commission, 2014b). These measures are in line with 

the existence of knowledge flows, which helps in understanding regional development 

(Karlsson and Johansson, 2006; Karlsson et al., 2010).  

Consequently, regional policy measures that bring greater ICT access and network 

infrastructures could be key to increase trade within European regions, which is important 

for achieving regional competitiveness, growth and prosperity. Based on this statement, 

the objective of this paper is to evaluate how ICT, proxied by broadband, affects trade 

flows within European regions. The theory is grounded on a negative relationship 

between ICT and trade costs (Venables, 2001). Previous literature which empirica l ly 

assessed the effect of ICT on exports focused on how ICT use positively affects country 

exports (Chung et al., 2013; Freund and Weinhold, 2004; among others). Other authors 

have studied the effect of ICT infrastructure on exports by countries (Tay, 2015), firms 

(Hagsten, 2015) and regions (Bensassi et al., 2015) also finding a positive relationship. 

Moreover, Bensassi et al.’s (2015) empirical work on the effect of ICT infrastructure on 

regional exports is restricted to regional Spanish exports.  

The objective of this paper is to study the effect of ICT on trade focusing on a regional 

context in Europe, where ICT may foster European trade integration. Our paper 

contributes to the existing literature in three ways. First, we use a novel and consistent 



 

regional trade database estimated by Thissen et al. (2013) that covers trade between and 

within European regions, allowing for a greater assessment of the current stage regarding 

European economic integration and providing accurate territorial-based policy 

recommendations. In a context of scarce regional trade data, we shed light on the effect 

of ICT infrastructure on trade at a regional level in Europe. This novel regional trade 

database has not yet been used to explain the effect of ICT on trade at a regional level.  

Second, we incorporate regional broadband as an ICT infrastructure proxy to contribute 

to the debate on the effect of infrastructure on trade at a regional level in Europe. Current 

literature about the regional effect of infrastructure on trade has mainly focused on 

logistics (Alama et al., 2013, 2015; Marquez, 2016) rather than ICT infrastructure. The 

only exception is Bensassi et al. (2015), who incorporate ICT infrastructure, but they only 

study regional exports from Spain and the priority of the study is logistics, in line with 

the previous literature. Given that European integration, mainly measured by trade and 

monetary integration, is a wide process that affects European regions as a whole, the 

inclusion of the highest possible number of regions provides an accurate and consistent 

explanation of trade patterns and how ICT infrastructure affects them. 

Third, this regional framework for ICT infrastructure allows us to explore the existence 

of spatial dependence, relaxing the assumption of independence of individual flows 

between regions (LeSage and Pace, 2008). The use of a very large database – like Thissen 

et al. (2013) – poses computational issues in the estimation of models with spatial 

dependence in terms of computing time and storage requirements (Arbia, 2014). To 

overcome these issues, we estimate a Matrix Exponential Spatial Specification (MESS) 

which enables the econometric estimation of models with spatial dependence by reducing 

the computational burden (LeSage and Pace, 2007).1 

Our results imply different major findings. First, we find spatial dependence regarding 

regional trade in European regions, suggesting that trade between two regions is affected 

by the trade flows between their neighboring regions. Second, we find a positive and 

significant effect of both the exporter’s and importer's broadband on trade at a regional 

level. Third, in the spatial estimation, the relative importance of broadband for the 

exporter and the importer depends on the type of spatial dependence under consideration. 

Fourth, the positive effect of broadband on trade holds for two specific years: 2007, the 

                                                 
1 To the best of our knowledge, this is the first attempt to estimate the Matrix Exponential Spatial 
Specification for a gravity model with such a large dataset. 



 

pre-crisis period, and 2010, the post-crisis period, and this effect is slightly greater for 

2010 than for 2007.  

The rest of the paper is organized as follows. Section 2 is devoted to the literature review 

while Section 3 presents the methodology, Section 4 explains the data used and Section 

5 focuses on the results. Finally, Section 6 concludes.  

2. Literature review 

2.1. Theoretical and conceptual framework 

The effect of ICT on exports takes place, according to Abeliansky and Hilbert (2017), 

through two dimensions: quantity and quality, which denote use and infrastructure, 

respectively. In this section, we define trade costs and how they are affected by ICT, as 

well as the dimension of ICT infrastructure.  

Understanding the role of trade costs is the first step to explain the effect of ICT on trade. 

Following the New-New trade theory framework proposed by Melitz (2003), trade costs 

can be fixed or variable. Fixed costs refer to those costs that do not depend on the amount 

traded, are difficult to estimate and linked mainly to transactions, such as entry, search or 

information costs, among others (Anderson and Van Wincoop, 2004). In contrast, 

variable trade costs are those that depend on the amount traded, are principally related 

with distance and tariff barriers. 

ICT contributes to the generation and diffusion of information flows across territories 

regardless of territorial disaggregation. Higher ICT use and a greater amount of ICT 

infrastructure decrease fixed transaction costs which include, among others, entry costs 

to foreign markets (Freund and Weinhold, 2004), coordination costs related to the 

production processes (Demirkan et al., 2009), interaction costs between the firm and the 

customer (Adjasi and Hinson, 2009) and information costs, such as the customer being 

able to easily compare the prices set by different sellers (Jungmittag and Welfens, 2009).  

ICT belongs to the category of hard or physical infrastructure, which includes the tangible 

infrastructure required for the economic activity to take place between economic agents 

that are geographically distant. In comparison with the hard dimension, soft infrastruc ture 

comprises the intangible elements, such as institutions or regulations affecting economic 

activity. Two seminar papers confirm the importance of infrastructure in determining 

trade costs through the hard dimension. Limao and Venables (2001) find that 



 

infrastructure explains around 40 percent of trade cost differences across African 

countries, and Clark et al. (2004) identify port efficiency as the most important factor to 

explain trade costs differences in Latin American countries. 

2.2. The effect of ICT on trade: literature review 

In this section, we focus on the empirical evidence between ICT and their effect on trade. 

As we mentioned before, there are two dimensions to explain ICT: use and infrastructure. 

Both of them can be studied separately or simultaneously either by constructing a 

weighted index or by incorporating them as explanatory variables.  

Depending on the scenario implemented to measure the effect of ICT on trade, we 

distinguish three sets of studies: the first set considers ICT use solely, which constitute s 

the majority of research in the literature. The effect of ICT use on exports has mainly 

been studied at a country level. Freund and Weinhold (2002), using a sample of 31 

countries in 2000, find that Internet boosts U.S. trade in services, and Freund and 

Weinhold (2004), with a sample of 54 countries from 1995 to 1999, also find a positive 

effect of Internet use on trade. Clarke and Wallsten (2006) study 98 trading countries in 

2001 and find a positive effect of Internet use on trade. Bojnec and Fertö (2009) explore 

the effect of internet use on trade within 29 OECD countries from 1995 to 2003 and find 

a positive relationship. Jungmittag and Welfens (2009) study the effect of telephone 

minutes on exports from OECD countries during the period 1995-1997 and find 

telecommunications increase trade in Europe. Chung et al. (2013) explore fruit and 

vegetable trade within APEC countries from 1997 to 2006 and find a positive relationship 

between fixed telephone and internet use and exports. Lin (2015) focuses on internationa l 

trade within 200 countries during the period 1990-2006 and finds a positive effect of 

internet use on exports.  

The second dimension relates to the effect of ICT infrastructure on trade. This framework 

combines studies at country, region and firm levels. Ahmad et al. (2011) study the impact 

of ICT infrastructure together with ICT use indicators on Malaysian trade from 1980 to 

2008 and obtain a positive effect. Portugal-Perez and Wilson (2012) generate a weighted 

ICT-based index for a sample of 101 countries and find a positive effect of ICT 

infrastructure on exports, and this effect is stronger in developing countries. Tay (2015) 

finds how both ICT infrastructure and use simultaneously proxied by Internet and 

broadband, respectively, increase trade in educational services for U.S. and 189 partner 



 

countries during 2000-2012. Abeliansky and Hilbert (2017) compare the effect of ICT 

use and infrastructure on trade for 122 countries during 1995-2008. They find how ICT 

use is more important for developed countries, but ICT infrastructure is more important 

for developing countries. 

For the case of ICT infrastructure at the firm level, Hagsten (2015) finds a positive effect 

of broadband on trade for exporting firms from 14 countries in 2010, and Kneller and 

Timmis (2016) using data from 46,720 U.K. firms from 2000 to 2005 find that broadband 

and narrowband increase trade in services.  

Finally, with respect to ICT infrastructure at a regional level, Bensassi et al. (2015) focus 

on the effect of infrastructure on Spanish regional exports to 45 countries. They introduce 

capital stock in information technology to measure logistics quality for the pre-crisis 

period 2003-2007 and find a positive effect between ICT infrastructure and exports. 

2.3. New horizons: trade, regions and knowledge flows in the context of Europe trade  

Agglomeration is a major concern when studying the geography of regions. In fact, 

Baldwin (2016) accounts for the existence of a New Spatial Paradox at the current wave 

of globalization, where firms tend to form regional clusters despite the global dispersion 

of production. In this context of regional concentration, knowledge flows matter at a 

regional level to achieve production clusters. Although Krugman (1991) states the 

difficulty of both appreciating and quantifying knowledge flows, evidence shows how 

information flows induced by ICT are important when the level of territoria l 

disaggregation increases. ICT reduces transaction costs due to reductions in spatial 

information frictions (Karlsson et al., 2010; Sichel, 1997). ICT can also change urban 

structure by decreasing the cost of communication and increasing the incentives for firms 

to move to smaller urban centers (Ioannides et al., 2008). ICT may lower fixed costs of 

face-to-face interactions at a local level (Gaspar and Glaeser, 1998). Consequently, 

proximity to individuals with a larger degree of knowledge enables acquiring new skills 

and the diffusion of knowledge (Duranton and Puga, 2005): this reduction of costs 

induced by ICT impacts the decision of firms to locate to a specific territory to benefit 

from local knowledge spill overs, which facilitate trade flows as trade costs decrease.   

This context of knowledge flows affecting trade at a local level leads us inevitably to the 

context of the ambitious ICTs Agenda in Europe, so studies measuring the ICT impact on 

trade at a territorial level in Europe are relevant at this stage. In addition, territorial-based 



 

policies rather than neutral-based are fundamental in the case of Europe (Barca, 2009). 

These policies can contribute to achieve efficient economic policy recommendations. 

However, the lack of official regional trade statistics in Europe constitutes a major barrier 

to overcome. Despite the lack of official regional trade data sources in Europe, we can 

find few databases that offer interregional trade flows, but these databases rely on 

estimations rather than official statistics. To our knowledge there are two major 

approaches to estimate regional trade data in Europe. The C-Interreg project has 

developed a regional trade database within Spanish regions based on origin-destina t ion 

methodology from 1995 to 2006 (Llano et al., 2010). This regional trade database is 

disaggregated into 8-digit code types of products. In a later study, Gallego and Llano 

(2012) extend this initial database and estimate regional trade between Spanish regions 

and eight European countries from 2004 to 2007. This database has contributed to 

generate either empirical studies like Gallego and Llano (2014) or contribute to the data 

of other projects like Relog (Suarez, 2012), whose objective is to check the effect of 

infrastructure on regional trade using logistic facilities as a proxy for infrastructure. 

Several empirical papers thus study the effect of logistic infrastructure on trade at a 

regional level like Alama et al. (2013, 2015) and Marquez (2016). 

The other regional trade database (Thissen et al., 2013) relies on supply and use 

methodology, together with a NEG framework, and covers 250 European regions for the 

period 2000 to 2010. To the best of our knowledge, this database has not been exploited 

to test the effect of ICT on exports yet. For this study, we use the Thissen et al. (2013) 

database given that the time span is relatively large, which allows us to do two cross-

sectional estimations for 2007 and 2010, the pre- and post-trade crisis periods. In addition, 

the data present a considerable level of territorial disaggregation since it covers almost all 

European Union NUTS 2 regions - Nomenclature des Unités Territoriales Statistiques, a 

French acronym for reference country subdivisions for statistical purposes. 

3. Methodology 

3.1. The origin-destination flows model 

To fill the gaps detected in the literature review, the objective of this study is to 

empirically test the effect of broadband on regional trade among European regions, as 

this will allow for more accurate economic policies regarding the regional Cohesion 

Policy in Europe. 



 

To accomplish this objective, we estimate a gravity model of bilateral trade, also known 

as an origin-destination flows model. Despite the restriction of focusing exclusively on a 

bilateral trade framework, gravity models have progressively incorporated advances in 

Trade Theory and have become a powerful tool to explain trade (Evenett and Keller, 

2002). 

The ancestors of the gravity model of trade (Pöyhonen, 1963; Tinbergen, 1962) applied 

an analogy of the universal gravitation equation to economics guided by intuition rather 

than theory.2 In this framework, countries trade with larger – higher Gross Domestic 

Product (GDP) – and less-distant partners. The problem of lacking theoretical roots was 

solved by prominent contributions driven by different authors, like Anderson (1979), who 

developed a gravity equation consistent with a Constant Elasticity of Substitution (CES) 

framework, or Deardoff (1998) who derived a gravity model from the Hecksher-Ohlin 

model of trade. 

One of the seminal papers to solve the debate about the theoretical framework of the 

gravity equation is Anderson and Van Wincoop (2003). These authors derive a 

theoretically-based gravity equation with the aim of studying the border effect between 

Canada and U.S. regions and incorporating multiple novelties, like the inclusion of trade 

costs negatively related with exports, which incorporate multiple transactional elements, 

as well as other tariff barriers.3 The estimation of models of origin-destination flows, 

gravity equations, has been widely conducted in the literature on trade flows – to study 

the role of distance and other factors determining bilateral trade –, flows of foreign direct 

investment, and migration, among others 4. 

In this paper, we use Anderson and Van Wincoop’s (2003) microeconomic- founded 

gravity equation functional form. However, Anderson and Van Wincoop (2003) just 

consider trade costs in terms of distance and control for sharing a border. As the same 

authors recognize in a later study, it is important to account for transactional-based costs 

as a trade costs element (Anderson and Van Wincoop, 2004). Among these transactiona l 

                                                 
2 Newton's law of universal gravitation states that two objects are attracted with a force proportional to 

the product of their masses and inversely proportional to the square of the distance between their centers 
of mass. 
3 Rooted in McCallum (1995), the border effect describes the fact that regions within a country trade more 

with regions located within the same country, rather than with regions from other countries. As a result, 
border effects imply the existence of implicit barriers to trade between regions.  
4 See Yotov et al. (2016) for a recent comprehensive review of the main applications and estimation 
methodologies concerning gravity equations. 



 

costs, information costs are relevant to explain trade patterns, since they may explain 

trade puzzles like the border effect of the missing trade5 bias (Rauch and Trindade, 2002). 

As a result of this, we augment Anderson and Van Wincoop’s (2003) gravity equation by 

introducing ICT as an explanatory variable in our gravity equation in order to provide a 

consistent explanation of trade costs.  

A key issue highlighted by Anderson and Van Wincoop (2003) is the existence of 

Multilateral Resistance Terms (MRTs) to account for unobservable third-region effects 

potentially affecting the bilateral trade between regions i and j, where the most typical 

measure is a dummy variable for exporter and importer regions (Feenstra, 2004). 6 Since 

the nature of a cross-sectional framework impedes us from expressing time-var iant 

MRTs, we follow Egger (2005) to consider fixed regional effects, which will be captured 

by the variables with unilateral subscripts.7 Following Cornwell et al. (1992), we can 

assume time-invariant fixed effects are correlated with unilateral variables and 

uncorrelated with bilateral variables. Since we aim to estimate a consistent and effic ient 

gravity equation, we omit MRTs because their effects are being captured by the unilate ra l 

variables. Coherently, it is not required to include MRTs, since the variables are time -

invariant, implying that the effects of MRTs are absorbed by the set of explanatory 

variables8, so the inclusion of MRTs would cause collinearity issues. The resulting 

equation is as follows:  

ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗 = 𝛽0 + 𝛽1 ln 𝐵𝑅𝐵𝑖,𝑡−1 + 𝛽2 ln 𝐵𝑅𝐵𝑗,𝑡−1 + 𝛽3 ln(𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗)

+ 𝛽4 ln(𝐺𝐷𝑃𝑝𝑐𝑖) + 𝛽5 ln(𝐺𝐷𝑃𝑝𝑐𝑗) + 𝛽6 ln 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗

+ 𝛽7𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 + 𝛽8𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 + 𝛽9𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗

+ 𝛽10𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 + 𝑢𝑖𝑗 (1) 

Where subscripts i and j refer to the exporting and importing regions, respectively, and ln 

denotes the natural logarithm of the variable. 𝑇𝑟𝑎𝑑𝑒𝑖𝑗 are the trade flows from region 𝑖 

to region 𝑗 and. 𝐵𝑅𝐵𝑖,𝑡−1 and 𝐵𝑅𝐵𝑗,𝑡−1 are the 1-year lagged ICT broadband infrastruc ture 

                                                 
5 Coined by Trefler (1995), it consists of the lack of explanatory power of the Hecksher-Ohlin model when 
productivity differences between countries are not accounted for. 
6  Other ways of measuring MRTs consist of using price and remoteness indices, but these are not currently 
being used in the literature. The Feenstra (2004) way is assumed to be the most eff icient way. 
7 Although Egger (2005) considers a country gravity equation, the same statement can be applied to a 

regional framework. 
8  Another alternative would be to include pair dummies, but it i s totally unfeasible for cross-section data 
since the number of dummies equals the number of observations (Baldwin and Taglioni , 2007). Following 
the prior MRTs reasoning, the pair effects are being captured by the bilateral variables. 



 

of the exporter and the importer respectively, 𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗 is the product of GDP of the 

trading regions, and 𝐺𝐷𝑃𝑝𝑐𝑖 and 𝐺𝐷𝑃𝑝𝑐𝑗 are the GDP per capita of the exporter and the 

importer respectively. 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗 is the distance between regions, whereas 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 and 𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 are dummy variables that control for 

regions and countries sharing a common border, respectively. 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  is a dummy 

variable that accounts for domestic trade flows, and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 takes the value of 

one if both trading regions are part of the same country and 0 otherwise.  

The rationale for including these variables is as follows. 𝐵𝑅𝐵 is our variable of interest 

and we expect a positive coefficient as broadband reduces trade costs and facilita tes 

communication between trading regions. Country size and distance have accompanied 

gravity models since the start as explanatory variables, given that bilateral trade increases 

with higher GDP and decreases with greater distances. Despite the advances in ICT and 

the reductions in transport costs in the last decades, distance is still a relevant component 

to explain trade patterns (Florax et al., 2011). Given that GDP does not fully capture the 

economic development of a region, we follow Egger (2005) and introduce GDP per capita 

as an additional indicator to complement GDP, which we expect will have a positive 

relation with bilateral exports. 

The inclusion of dummy variables for country and regional contiguity is in line with prior 

studies. At a country level, contiguity is related to the observable measures of trade costs 

(Anderson, 2011). As Eaton and Kortum (2002) show how distance increases geographic 

barriers to trade and weakens comparative advantage, the fact of sharing a common 

border tends to concentrate trade flows between the specific countries sharing the border. 

In the context of regional trade, Lafourcade and Paluzie (2011) state how those regions 

located close to the borders tend to concentrate a larger share of trade flows.  

Moreover, we include a set of dummy variables to capture additional effects concerning 

trade within and between regions. In the case of regional trade, as indicated before, the 

border effect has been included since McCallum’s (1995) seminar paper. Other authors 

have also found significant border effects (Coughlin and Novy, 2013; Daumal and 

Zignago, 2010). As a result of this, we follow Gallego and Llano (2014) to control for 

trade flows between contiguous regions using dummy variables. Controlling for domestic 

trade flows is a concern in the regional trade database to avoid flawed results 9. 

                                                 
9  We deal with this issue in Section 4.1. 



 

Following our previous statement, the unilateral variables ln 𝐵𝑅𝐵𝑖 and ln(𝐺𝐷𝑃𝑝𝑐𝑖) 

capture the effect of the exporter region MRTs, while the variables ln 𝐵𝑅𝐵𝑗 and 

ln(𝐺𝐷𝑃𝑝𝑐𝑗) capture the importer region MRTs. As a consequence, MRTs are omitted 

from the cross-sectional gravity equation and results will be unflawed10. 

3.2. Dealing with the presence of endogeneity in the gravity equation 

A potential endogeneity problem arises when studying the empirical relationship between 

ICT and trade. In the context of the effect of bilateral trade agreements on exports, Baier 

and Bergstrand (2007) identify three potential and universal causes for endogeneity: 

variable measurement errors, reverse causality and omitted variable bias.  

Grossman and Helpman (1995) present theoretical trade models where technology 

influences trade and, simultaneously, trade affects technology. Empirical studies 

examining the effect of ICT on exports under a gravity model approach cite endogeneity 

due to reverse causality as a major shortcoming (Clarke and Wallsten, 2006; Freund and 

Weinhold, 2004), while other authors also point to the existence of omitted variable bias 

(Bojnec and Fertö, 2009; Freund and Weinhold, 2002).  

Solutions to this problem range from pure theoretical modelling (Freund and Weinhold, 

2004) to suitable empirical estimators like Instrumental Variables (Adjasi and Hinson, 

2009; Clarke and Wallsten, 2006) or Generalized Method of Moments in the case of panel 

data (Lin, 2015). Endogeneity problems also extend to GDP, as Anderson and Van 

Wincoop (2003) state. However, several authors (Baier and Bergstrand, 2007; Frankel, 

1997) indicate how GDP endogeneity bias does not involve greater differences with the 

consideration of GDP as a non-potentially endogenous variable. Following this, we do 

not consider GDP as an endogenous variable. 

Greene (2011) cites Instrumental Variables as the reference technique to treat 

endogeneity in cross-section studies. Although at a country level there exists a noticeable 

range of variables to be used as potential instruments, the statistical restrictions when we 

move to regions constrain us to perform an Instrumental Variables estimation. 11 

Considering such restrictions, our strategy for controlling endogeneity for the explanatory 

                                                 
10 Following this reasoning, other authors also omit MRTs in the gravity equation, as in Baldwin (1994), 

and results are totally coherent. 
11  An attempt to perform Instrumental Variables would be the usage of the regional  variable European 
Quality of Governance Index (EQI) by Charron et al. (2014). However, EQI is only considered for 2010 and 
2013, a fact that restricts the sample of years used in our study. 



 

variables is to use 1-year lagged values of the variables potentially affected by 

endogeneity, the broadband variables. The implementation of lags yields the 

transformation of endogenous variables into predetermined variables and serve as an 

approach to address endogeneity (Wooldridge, 2008).  

3.3. Spatial dependence in trade flows 

We have expressed in (1) the standard way of modelling a regional gravity equation of 

trade, rooted rigorously in Anderson and Van Wincoop (2003). However, since the 

seminar contributions by Anselin (1988), spatial econometrics claims spatial dependence 

and spatial heterogeneity in the field of regional economics must be considered to obtain 

consistent and unbiased results. Consequently, we proceed to augment our gravity 

equation with spatial econometrics. 

The prior step to using spatial econometrics is to test for the presence of spatial 

dependence. For this purpose, we use the I index created by Moran (1950). We hereby 

show the expression of Moran´s I index quantifying spatial dependence:  

𝐼 =  
𝑁

∑ ∑ 𝑤𝑖𝑗𝑗𝑖

 
∑ ∑ 𝑤𝑖𝑗𝑗 (𝑥𝑖 − �̅�)(𝑥𝑗 − �̅�)𝑖

∑ (𝑥𝑖 − �̅�)2
𝑖

        (2) 

Where subscripts i and j denote origin and destination locations, respectively. 𝑤𝑖𝑗 

represent the specific element 𝑖𝑗 of the contiguity matrix W, and 𝑥 is our variable of 

interest, whose spatial dependence is tested. Finally, 𝑁 is the total number of spatial units. 

The contiguity matrix, 𝑊, is a binary matrix whose elements 𝑖𝑗 are equal to 1 if regions 𝑖 

and 𝑗 are contiguous, and equal to zero otherwise. 

Following the aforementioned ability to adapt to the most recent trade novelties (Evenett 

and Keller, 2002), the gravity model has also incorporated spatial econometrics roots. 

LeSage and Pace (2008) and LeSage and Thomas-Agnan (2015) extend the Anselin 

(1988) paradigm to define an origin-destination spatial gravity model for regional trade 

by distinguishing three types of spatial dependence. Considering trade flows from region 

A to region B, (i) the origin-based dependence captures the spatial relationship of trade 

flows from neighbors of A to B, (ii) the destination-based dependence considers the 

relationship from A to neighbors of B, and (iii) the origin-destination-based dependence 

captures the relationship of trade flows from neighbors of A to neighbors of B. 



 

These three types of spatial dependence can be expressed using three different matrices: 

𝑊𝑜, 𝑊𝐷 , and 𝑊𝑂𝐷  for origin-based, destination-based, and origin-destination based 

dependence respectively.12 

𝑊𝑂 = 𝐼𝑛 ⊗ 𝑊
𝑊𝐷 = 𝑊 ⊗ 𝐼𝑛

𝑊𝑂𝐷 = 𝑊𝑂  𝑊𝐷

      (3) 

Where 𝑊 is the row-standardized contiguity matrix between regions, 𝐼𝑛 is the identity 

matrix, and ⊗ denotes the Kronecker product. 13 

We follow this framework and we incorporate elements denoting spatial proximity in our 

gravity equation (1), leading to a new specification (4), in line with other studies (Alama 

et al., 2013, 2016; Marquez, 2016). 

ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗 = 𝛽0 + 𝛽1 ln 𝐵𝑅𝐵𝑖,𝑡−1 + 𝛽2 ln 𝐵𝑅𝐵𝑗,𝑡−1 + 𝛽3 ln(𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗)

+ 𝛽4 ln(𝐺𝐷𝑃𝑝𝑐𝑖) + 𝛽5 ln(𝐺𝐷𝑃𝑝𝑐𝑗) + 𝛽6 ln 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗

+ 𝛽7𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 + 𝛽8𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 + 𝛽9𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗

+ 𝛽10𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 + 𝜌1 𝑊𝑂 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1 + 𝜌2 𝑊𝐷 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1

+ 𝜌3𝑊𝑂𝐷 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1 + 𝑢𝑖𝑗      (4) 

Parameters 𝜌1, 𝜌2  and 𝜌3  denote the spatial origin, destination and origin-destina t ion 

neighboring effect, respectively, and constitute the spatial autoregressive parameters in 

the gravity equation. If 𝜌1 =  𝜌2 =  𝜌3 = 0, implying the rejection of spatial dependence, 

the specification reduces to the standard regional gravity equation expressed in (1). 

3.4. The matrix exponential spatial specification 

The use of disaggregated territorial data improves the degree of representability of results 

by capturing the geography of regions and cities. However, a major concern is that 

territorial disaggregation commonly entails dealing with datasets with a large number of 

observations, where results cannot be easily obtained due to computational limitations. 

Solutions like working with sub samples or reducing the level of disaggregation might 

                                                 
12 In this paper, we adopt the destination-centric ordering of the data (LeSage and Pace, 2008) and we 
write the spatial matrices accordingly. 
13 If the W matrix is row standardized – all  rows sum to one – the product of 𝑊 by a variable 𝑥 , 𝑊𝑥 , is a 
weighted average of the values of 𝑥 of the neighboring regions. 



 

lead to flawed results and to the loss of the advantages of working with disaggregated 

data respectively.  

In this study, achieving an accurate estimation of the spatially augmented gravity equatio n 

at the regional level necessarily implies dealing with large matrices to obtain consistent 

results. The use of a large dataset of trade flows between regions leads to big size matrices 

representing the spatial relationship of trade flows. For 𝑁 regions, the size of one of these 

matrices would be 𝑁2 . For this reason, we use a novel spatial estimation technique 

tailored for large datasets which, to the best of our knowledge, has never been 

implemented to test the effect of broadband on trade.  

Kelejian and Prucha (1998) demonstrate how the traditional estimators used within spatial 

econometrics may be inaccurate when the data matrices exceed the order 400-by-400. 

Following LeSage and Pace (2007) and Arbia (2014), this problem can be overcome using 

alternative computational-based spatial econometrics estimators, such as the Matrix 

Exponential Spatial Specification (henceforth, MESS), whose results are very close to 

those provided by the Maximum Likelihood estimator.  

We depart from the generic Spatial Lag model in matrix form: 

𝑦 =  𝜌𝑊𝑦 + 𝑍𝛽 + 𝑢         , |𝜆| < 1      (5) 

where 𝑦 is the n-by-1 vector of the dependent variable, 𝑊 the n-by-n neighboring matrix, 

𝑍 the n-by-k matrix of explanatory variables, and 𝛽 the k-by-1 vector of parameters. The 

parameter 𝜌 is the spatial autoregressive parameter and it is a scalar less than 1 in absolute 

value, and u is the n-by-1 vector denoting the error term. It is assumed that 𝑢 ∥  𝑋 ≈

𝑖. 𝑖. 𝑑. 𝑁(0,𝜎𝜀   𝑛
2  𝐼𝑛) and 𝑊 is non-stochastic. The basic Spatial Lag model in matrix 

notation expressed in (5) can be presented in an alternative way by moving all the 

elements depending on the dependent variable to the left-hand side: 

(𝐼 − 𝜌𝑊)𝑦 =  𝑍𝛽 + 𝑢             (6) 

At the left-hand side, we find (𝐼 − 𝜌𝑊)−1, the inversion of the matrix (𝐼 − 𝜌𝑊), which 

poses the main computational challenge in the presence of large databases (Arbia, 2014). 

Consequently, we rewrite the expression in (6) as:  

𝑆𝑦 =  𝑍𝛽 + 𝑢             (7) 



 

with 𝑆 being a real and positive definite matrix. The aim of this specification is to find a 

consistent expression for 𝑆. According to LeSage and Pace (2007), the 𝑆 matrix can be 

expressed with an exponential specification, such as 𝑆 =  𝑒𝛼𝑊 . Arbia (2014) expands the 

aforementioned expression for S using the resemblance with Maclaurin-exponentia l 

series expansion: 

𝑆 =  𝑒𝛼𝑊 =  ∑
𝛼𝑖𝑊𝑖

𝑖!

∞

𝑖=0

          (8) 

Different values of 𝑖 = 1, 2, … , 𝑛 originate different W matrices such as 𝑊1, 𝑊2 …which 

denote the levels of neighborhood between regions: 𝑊1 are the first-order neighbors, 𝑊2 

the second-order neighbors, which are consequently the first-order neighbors of 𝑊1, and 

so on. The same reasoning can be used for the remaining 𝑊𝑖 matrices. In order to make 

this equation efficient and operational, LeSage and Pace (2007) propose truncating the 

sum from 0 to a certain parameter q, known as the stopping role, rather than operating the 

sum to the infinite. This time series transformation yields the final expression of the 

MESS estimator in (9): 

(∑
𝛼𝑖 𝑊𝑖

𝑖!

𝑞

𝑖=0

 ) 𝑦 =  𝑍𝛽 + 𝑢          (9) 

And the matrix inverse of 𝑆 can be computed as: 

𝑆 −1 = (𝐼 − 𝜌𝑊) = 𝑒−𝛼𝑊           (10) 

In practical terms, the calculation of the MESS estimation is fast even in the presence of 

dense W matrices as only the matrix product 𝑆𝑦 needs to be calculated in order to estimate 

the model.14 

Once the model is estimated, the implied spatial autoregressive parameter can be 

computed as: 

𝜌 = 1 − 𝑒𝛼          (11) 

                                                 
14 A matrix is said to be dense if most of their elements are nonzero, whereas a matrix is said to be sparse 
if most of their values are equal to zero. Computers can take advantage of sparse matrices by only storing 
their nonzero elements, reducing considerably the amount of memory required. 



 

Chiu et al. (1996) and Arbia (2014) show how the MESS approach can always be used  

and leads to well-defined estimations of variance-covariance matrices. Furthermore, 

Debarsy et al. (2015) study the large sample properties of the MESS and find that the 

quasi-maximum likelihood estimator for the MESS is consistent under heteroskedastic it y. 

In the context of our study, where we consider trade between 232 EU regions, it is relevant 

to implement the MESS estimator as the inversion of the matrix (𝐼 − 𝜆𝑊) would imply 

inverting a square matrix of 53,824 rows and columns.15 One limitation of this approach 

is that it is not possible to estimate the specification (4) with the three contiguity matrices 

considered in (3) at the same time, and we should perform different estimations for the 

three different types of spatial dependence: origin-based, destination-based, and origin-

destination based.16  

4. Data and variables 

As we indicated in Section 2.3, the lack of official trade data between regions and within 

countries is the reason for the scarcity of empirical trade studies at the regional level on 

the effect of broadband on trade. We contribute to the existent literature on the effect of 

ICT on trade with a novel regional trade dataset that covers trade within a representative 

number of European regions. For this analysis, we consider trade regarding 232 European 

regions at the NUTS 2 level.17 The time period considered is two cross-sections at 2007 

and 2010. Although greater time periods allow implementing panel data techniques to 

capture the evolution of the variables overtime, regional statistics force us to overcome 

the problem of fitting and harmonizing data from three different databases described 

below and adjust them to the same time period. For our harmonized and homogenized 

analysis, the data are coincident only at two specific time periods: 2007 and 2010. 

4.1. A new regional trade database for Europe 

We now describe the main features concerning Thissen et al.’s (2013) regional trade 

database. Using freight data and following the theoretical roots dictated by the NEG, 

                                                 
15 Although the 𝑊 matrix can be a sparse matrix, the inverse of (𝐼 − 𝜆𝑊) is a dense matrix. To see the 

computational challenge of the problem, with 53824 observations, and assuming that each element 
requires 8 bytes of memory to be stored, we would require more than 21 gigabytes (GB) of memory to 
store the inverse. 
16 Another l imitation of the MESS estimator is the impossibility of calculating the scalar summary 
measures for origin-destination flow models proposed by LeSage and Thomas -Agnan (2015), as they 
involve inverting the matrix (𝐼 − 𝜌1 𝑊𝑂 − 𝜌2 𝑊𝐷 − 𝜌3 𝑊𝑂𝐷

). 
17 See Table A1 in the Appendix for the list of regions included in the analysis. 



 

Thissen et al. (2013) apply a Supply-and-Use methodology to European trade statistics at 

the country level and assign regional weights in order to obtain regional trade flows for 

European regions at the NUTS 2 level. By considering additional features like the fact of 

re-exporting, Thissen et al. (2013) apply corrections to guarantee non-dependent and 

consistent regional trade data, a fact which creates a novel database completely suitable 

for empirical estimations. Both inter and intraregional trade flows are estimated using 

freight data exclusively and without using a parametrized NEG models. 

The Thissen et al. (2013) regional trade database covers the periods 2000 to 2010, and it 

does not contain zeros in the data, so we are relieved from issues related to the logarithm 

of zeros for the dependent variable.  

Using Thissen et al.’s (2013) database entails a major problem. One of the potential data 

issues is the estimation of domestic trade flows, which are defined as trade flows 

occurring within a region, at the local level. In contrast with inter and intraregional trade 

flows, domestic trade data are estimated using a NEG model with parameters. Hence, this 

domestic trade data suffers a cross-hauling issue that arises due to the impossibility of not 

accounting for simultaneous trade of a coincident product category between two regions 

within the same country. Cross-hauling data implies that this simultaneous domestic trade 

is unaccounted, so domestic trade data may be partially corrupted. As we point out in the 

results section, by implementing regressions with and without domestic trade flows, we 

find that using cross-hauling domestic trade flows does not imply problems with either 

the estimation or the interpretation of the coefficients.  

4.2. The ICT broadband variable: the ESPON database 

The ICT broadband infrastructure is the main variable of our analysis, resulting from the 

average of three regional indicators related to the information society: internationa l 

internet backbone capacity, peak traffic at IXP and IP addresses. Data are available only 

for 2006 and 2009, which limits us to a cross-sectional analysis exclusively.  

The regional broadband data are retrieved from ESPON (European Spatial Planning 

Observation Network), a program funded by the 28 European member states whose main 

objective is to develop accurate regional-based indicators to redesign the European 

territorial development at the NUTS 0 (Countries), NUTS 1 and NUTS 2 level. Maher et 

al. (2011) depict the two-step data construction procedure: first, data for official European 



 

and national sources are gathered and, second, the data are harmonized under a cluster  

strategy. Resulting data are robust and stable overtime. 

More specifically, ESPON data follow a methodological approach that makes the data 

consistent for estimations: The Core Database Strategy (Caimo et al., 2013) draws a time 

and territorial-based strategy, where short time series are estimated as follows: a spatial 

weighted hierarchy allows replicating data for different degrees of territoria l 

disaggregation: from NUTS 0 (Countries) to NUTS 3. Outliers are also estimated 

following the typical time-series approaches. 

Nevertheless, for some observations we have zeros in the broadband variable. In this case, 

as we work with logarithms in the econometric estimation and the logarithm of zero is 

not defined, one feasible strategy is to add 1 to the variable to not lose these observations 

18. As only two regions are affected, we choose not to follow this strategy as it can 

potentially corrupt the data and we drop these observations from our data sample. 19 

4.3. Other variables and sources  

Apart from the novel regional trade database (4.1) and the regional ESPON database 

(4.2), which yield the variables of regional bilateral trade and regional ICT, we use other 

regional databases for the remaining variables entailing the regional gravity analysis.  

The variables concerning GDP in nominal and per capita terms are taken from the 

Eurostat section devoted to regional statistics. Bilateral distances between regions are 

computed as the average Euclidean vector-based distance measured between the centroids 

of the regions and calculated using the geographical database provided by Eurostat 

GISCO (the Geographic Information System of the COmmission). Internal distances, for 

domestic trade flows, are computed using the standard formula: 

𝑑𝑖𝑖 =
2

3
√𝑎𝑟𝑒𝑎𝑖 𝜋⁄        (12) 

                                                 
18  Another common problem is the presence of zeros in the observed trade flows when there is no trade 

between some regions or countries. The solution to this problem relies on the Poisson Pseudo Maximum 
Likelihood, Tobit or truncated models, among others. See Burger et al. (2009) for more information. 
Because in our dataset we do not have zero observed trade flows, there is no need to deal with this 

problem. 
19 The regions affected are: Ciudad Autónoma de Ceuta (Spain), Βόρειο Αιγαίο (Greece), Basil icata (Italy) 
and Região Autónoma dos Açores (Portugal) for 2007, and Região Autónoma da Madeira (Portugal) for 
both years. 



 

Even though we use different sources to create our database, all of the variables are 

harmonized and consistent, so our results are not biased due to data collection issues. To 

sum up the information provided in this section, Table A2 in the Appendix shows the list 

of variables and the sources of information while Table A3 displays the main descriptive 

statistics. 

 

5. Results  

In this section, we present the results obtained for the gravity regression. We divide this 

section into three parts: First, we estimate the traditional gravity equation in (1) using the 

OLS estimator. Second, we test for spatial dependence computing Moran´s I index. 

Finally, after finding spatial dependence in the residuals, we estimate the spatial origin-

destination gravity equation using the MESS estimator. 

5.1. Traditional gravity specification estimation results 

We first estimate the traditional gravity equation expressed in (1) augmented with ICT in 

a regional framework. Table 1 contains the results obtained following the traditional OLS 

estimator. Table 1 shows the results of equation (1) for 2007 and 2010. 

 

 

 

 

 

 

 

 

 

 

 



 

Table 1: Gravity equation results for 2007 and 2010 using OLS 

Dependent variable 𝐥𝐧 𝑻𝒓𝒂𝒅𝒆𝒊𝒋 

Year 2007 2010 

𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1) 0.0840*** 0.116*** 

 (27.90) (30.08) 

𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1) 0.0279*** 0.0160*** 

 (9.287) (4.336) 

ln (𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗) 0.815*** 0.791*** 

 (184.3) (148.1) 

ln (𝐺𝐷𝑃𝑝𝑐𝑖) -0.305*** -0.284*** 

 (-35.38) (-30.14) 

ln (𝐺𝐷𝑃𝑝𝑐𝑗) -0.371*** -0.419*** 

 (-46.02) (-47.80) 

ln (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) -0.641*** -0.674*** 

 (-77.51) (-78.26) 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.567*** 0.572*** 

 (13.45) (12.84) 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.697*** 0.700*** 

 (63.44) (61.75) 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  4.482*** 4.650*** 

 (78.71) (78.69) 

𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 0.840*** 0.731*** 

 (33.63) (25.68) 

𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 8.133*** 8.599*** 

 (55.43) (54.70) 

Adjusted R-squared 0.736 0.736 

Observations 52,441 53,824 

Regions 229 232 

Countries 23 23 

 

Notes: Robust t-statistics in parentheses. *** denotes coefficient significant at 1%. 

 

The variables denoting broadband are positive and significant for both years, 2007 and 

2010. This positive effect is in line with the findings in the literature at the country level 

and holds for both variables, 𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1 ) and 𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1), denoting broadband in the 

exporting and importing regions, respectively. The estimated coefficients for broadband 

reveal an important difference: the estimated coefficient for the exporter is greater than 

the estimated coefficient for the importer, and the coefficient for the exporting region 

increases its magnitude in 2010. The ratio measure 𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1)/𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1)  increases 

from 3 in 2007 to more than 7 in 2010. This reveals that the benefit of using broadband 

for trade is greater for the exporting region than for the importing region. Negative trade 

shocks due to economic crises and the consequences in Europe may be the reason for this 

increase in the relative importance, as firms have to be more productive to compete in the 

destination market. 



 

With respect to GDP, we find a dichotomy: GDP in nominal terms shows a positive and 

significant coefficient supporting the basic gravity theory. Although the negative 

coefficients obtained for the variable GDP per capita may seem to contradict the basic 

gravity theory, there is an explanation for this negative effect. According to Marquez 

(2016), a negative coefficient for income per capita indicates that a large country is 

exporting more than a small country, denoting the existence of economies of scale. The 

distance coefficients close to -0.65 are in line with Leamer and Levinsohn (1995).  

The positive and significant coefficients obtained for the variables explaining country and 

regional contiguity, 𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 and 𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗, respective ly, 

show a positive impact on trade by sharing a common border with the trading partner, 

due to the reduction in trade costs. The positive and significant coefficients obtained for 

the variables 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 show how trade tends to concentrate 

within the same region and the same country. This fact shows how relevant borders are 

in terms of impeding trade and the large coefficients obtained for domestic trade 

reinforces this evidence towards a home bias. 

Referring to the problem of cross-hauling domestic trade mentioned in the data section, 

we do not consider this to be a serious issue biasing our results: trade flows affected by 

this problem comprise a minority of the sample and we are also controlling for this fact 

with the corresponding dummy variable for domestic trade. To check for the cross-

hauling problem mentioned in Section 4.1, we have performed additional regressions 

excluding domestic trade flows and the corresponding dummy variable. Results show that 

estimated coefficients for the variables of interest are similar to those obtained when 

domestic trade flows are not excluded.20 

5.2. Testing for spatial dependence 

The previous results yielded from equation (1) in Section 5.1 denote the existence of an 

intuitive positive relationship between ICT and regional trade. Now we proceed to test 

for spatial dependence among trade flows by computing Moran’s (1950) I index (2) on 

the residuals of the estimation results using the three contiguity matrices in (3) 

corresponding to the three different possible kinds of spatial dependence.  

 

 

                                                 
20 Results are available upon request. 



 

Table 2: Moran´s I test of Spatial Dependence 

Spatial 

dependence 

Origin Destination Origin-to-

Destination 

Year 2007 2010 2007 2010 2007 2010 

Observed Moran I 0.5818 0.5771 0.6066 0.6024 0.3721 0.3672 

Expected Moran I -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

 

Table 2 displays the results for the Moran's test calculation by comparing the observed 

Moran’s I index with the expected one under the null hypothesis with no spatial 

dependence. Results support the existence of spatial dependence under the three different 

considerations – origin-based, destination-based and origin-destination-based. The 

existence of spatial dependence is in line with theoretical findings as it supports the 

theoretical framework proposed by Rossi-Hansberg (2005), who identifies a spatial 

nature of trade, and with empirical evidence on the existence of spatial dependence in 

trade flows (Alama et al., 2013; Alama et al., 2015; De la Mata and Llano, 2013; LeSage 

and Llano, 2013; Marquez, 2016). In the context of our study, this spatial dependence 

takes place with broadband as an explanatory variable, implying that broadband could be 

a relevant factor to explain this spatial dependence by triggering centripetal and 

centrifugal forces and hence influencing regional trade patterns. 

5.3. Spatial origin-destination MESS estimation 

The existence of spatial dependence, as shown in the previous section, would lead to 

biased estimated coefficients if the true model is spatial and OLS is estimated (LeSage 

and Pace, 2009).  In order to produce unbiased estimates, we estimate the spatial gravity 

model presented in (4). As the number of observations is very high for spatial estimation 

– 53,824 for 2010 – the standard estimation techniques are computationally unfeas ib le 

and we must rely on the matrix exponential spatial specification, presented in Section 3.4.  

Table 3 presents the estimation results for both time periods under the three alternative 

spatial dependence definitions considered: origin-based, destination-based, and origin-

destination-based. In all estimations, the implied spatial lag parameter, 𝜌, is positive 

implying that trade flows are not only affected by factors concerning the two trading 

regions, but also positively affected by the existing trade between neighboring regions.   

  



 

Table 3: Matrix Exponential Spatial Specification (MESS) results for 2007 and 

2010 for Origin, Destination and Origin-to-Destination Spatial Dependence 

Spatial Dependence Origin Destination Origin-to-

Destination 

Year 2007 2010 2007 2010 2007 2010 

𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1) 0.121*** 0.156*** 0.019*** 0.030*** 0.086*** 0.116*** 

 (46.44) (49.13) (7.38) (9.32) (30.27) (33.52) 

𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1) -0.019*** -0.040*** 0.074*** 0.078*** 0.030*** 0.019*** 

 (-7.12) (-12.67) (28.88) (25.00) (10.47) (5.33) 

ln (𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗) 0.656*** 0.626*** 0.629*** 0.583*** 0.775*** 0.740*** 

 (171.70) (137.84) (167.24) (130.66) (187.31) (149.20) 

ln (𝐺𝐷𝑃𝑝𝑐𝑖) -0.311*** -0.292*** -0.232*** -0.200*** -0.323*** -0.298*** 

 (-43.93) (-38.07) (-33.24) (-26.64) (-42.18) (-35.68) 

ln (𝐺𝐷𝑃𝑝𝑐𝑗) -0.292*** -0.314*** -0.339*** -0.347*** -0.374*** -0.399*** 

 (-41.24) (-41.04) (-48.54) (-46.05) (-48.75) (-47.79) 

ln (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) -0.322*** -0.323*** -0.304*** -0.294*** -0.380*** -0.372*** 

 (-47.80) (-46.30) (-45.80) (-42.92) (-51.94) (-48.82) 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.061** -0.009 0.050* -0.020 0.560*** 0.561*** 

 (2.30) (-0.33) (1.89) (-0.70) (19.32) (18.49) 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.520*** 0.500*** 0.496*** 0.476*** 0.622*** 0.606*** 

 (52.16) (48.67) (50.47) (46.97) (57.61) (53.87) 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  5.127*** 5.362*** 2.217*** 5.493*** 4.811*** 5.014*** 

 (92.65) (93.290) (95.76) (97.25) (80.27) (79.94) 

𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 0.712*** 0.632*** 0.658*** 0.574*** 4.811*** 0.715*** 

 (46.18) (39.52) (43.67) (36.52) (80.27) (40.98) 

𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 5.397*** 5.418*** 5.085*** 4.890*** 6.259*** 6.205*** 

 (46.94) (44.11) (44.93) (41.52) (50.27) (46.290) 

𝛼 -0.430*** -0.473*** -0.462*** -0.514*** -0.243*** -0.282*** 

 (-106.43) (-115.95) (-112.06) (-121.94) (-63.32) (-69.95) 

Implied Spatial Lag 𝜌 0.349 0.377 0.370 0.402 0.216 0.246 

LR test 12840 14846 14497 16733 4487.7 5451.9 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 

Observations 52,441 53,824 52,441 53,824 52,441 53,824 

Regions 229 232 229 232 229 232 

Countries 23 23 23 23 23 23 

Notes: Robust t-statistics in parentheses. ***, ** and * denote coefficient significant at 
1%, 5% and 10% respectively. The dependent variable in all regressions is  

𝑙𝑛 𝑇𝑟𝑎𝑑𝑒𝑖𝑗. LR: Robust Lagrange Multiplier test for spatial dependence. The implied 

spatial lag is computed as 𝜌 = 1 − 𝑒𝛼. 

 

Results show that the estimated effect of broadband on trade is positive and statistica l ly 

significant both for the exporter and the importer. Moreover, the magnitude of the 

estimated coefficients is higher than when spatial dependence is neglected in the OLS 

estimation. This fact suggests that ICT is more relevant in the context of neighboring 

effects, which is a key policy element, since neighboring regions can benefit from 

information flows to improve trade gains.  



 

The nature of spatial dependence is important as the sign of the broadband variable for 

the importer region, 𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1 ), becomes negative when spatial dependence at origin 

is considered. This result supports the existence of asymmetric trade costs (Baier and 

Bergstrand, 2009) as exporter and importer regions do not equally use broadband which 

reflects a different dissemination of knowledge stocks, as well as the existence of unequal 

geographical and social conditions for the diffusion of ICT. 

When origin-based spatial dependence is considered, in which the neighbor trade flows 

are the flows from the contiguous regions of the exporter to the same destination region, 

the characteristics of the importing region become less important relative to the exporter, 

as shown by the lower magnitude of GDP per capita. The estimated coefficient for 

importer’s broadband becomes negative as more broadband will attract trade flows from 

different regions, leading to more competition between the regions that export to the same 

destination market. This results in a lower market share for each exporting region.  

With destination-based spatial dependence, where the neighbor trade flows are the from 

the same origin to the contiguous regions of the destination region, the estimated 

coefficients of the variables of the importing region becomes more important than those 

of the exporting region, showing than broadband is an important factor in attracting trade 

flows.   

Finally, when origin-destination-based spatial dependence is considered, in which the 

neighbor trade flows are the flows from contiguous regions of the exporter to contiguous 

regions of the importer, the estimated coefficient for broadband of the exporter is greater 

than for the importer. This implies that, although broadband is an important factor in 

attracting trade flows, it is more important for the supply side due to the reduction in the 

entry, coordination, interaction and information costs implied by the higher level of ICT.  

The implied spatial lag, 𝜌, ranges between 0.2 to 0.4, and achieves higher values when 

neighboring trade flows share the same origin or the same destination, and the lowest 

otherwise. This shows the importance of considering spatial dependence in the estimation 

of trade flows between EU regions, as neglecting it can lead to biased results. 

Regarding the other coefficients, spatial dependence magnifies the role of distance in the 

gravity regression, since coefficients denoting ln (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) decrease from -0.6 to -0.3 

but are still significant. Dummy variables are positive and strongly significant with the 

exception of 𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 when origin or destination spatial dependence is 



 

considered, as the introduction of spatial dependence mitigates the effect of regional 

contiguity. Both variables 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 are positive and significant, 

as expected. 

6.  Conclusions 

In contrast with previous studies only examining the effect of ICT on trade at a country 

level or only a minority of EU regions, we have focused on EU regions as a whole, given 

the ambitious examining of ICT adoption, as well as the efforts to promote further trade 

integration beyond the liberalization of tariffs between EU Member States. For this 

purpose, we use a novel regional trade database to evaluate the effect of broadband on 

regional trade in a large sample of 232 European regions in two specific years: 2007 and 

2010, using a gravity framework. After confirming the existence of spatial dependence, 

we use a specific spatial estimator tailored for large databases which avoids flawed 

results. We find evidence of a significant effect of broadband on trade, and the relative 

importance of broadband for the exporter and the importer depends on the type of spatial 

dependence under consideration.  

Although these results may seem to be a mere regional replication of the positive 

relationship between ICT and trade for countries, it is important to remark on the 

importance of defining accurate territorial-based policies rather than neutral: these 

policies are expanded from the core to the remaining territories (McCann and Rodriguez-

Pose, 2011) and this is particularly relevant for our study in light of the spatially-based 

neighborhood effects. Territorial-based policies are fundamental to address future 

challenges for regions in the EU (Barca, 2009). Thus, it is important to shed light on the 

role of regions in Europe, a topic which we cover using a novel regional trade database.  

Our results can be relevant for policy recommendations: regarding the assessment of EU 

Cohesion Policy 2014-2020, regional disparities persist in Europe regarding the use of 

ICT as a comparative advantage for improving regional trade gains, which promotes 

further trade integration in Europe. In fact, using ICT as a tool to promote inter-regiona l 

trade would alleviate the concept of lagging regions, coined in the most recent regional 

report by the European Commission (2017). Moreover, the existence of a spatial trade 

pattern points to the necessity of designing accurate place-based development policies. In 

light of a potential redesign of a Cohesion Policy in Europe, the concept of regional 

neighborhood will magnify the effects of regional policy actions ensuring growth, welfare 

and prosperity in Europe. 



 

Our study presents some important concerns to be addressed in further studies: The first 

deals with the nature of data: although it is unfeasible to analyze the effect of ICT on 

regional trade overtime due to the restriction of regional statistics, a panel data framework 

would offer a wider insight than cross-section does. Second, future studies may consider 

the disaggregation of regions according to their regional income levels, since the effect 

of broadband on trade may be different for high- and low-income regions.  
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Appendix: Additional Tables 

Table A1: List of NUTS 2 regions 

List of NUTS 2 regions 

Burgenland (AT) 

Niederösterreich 

Wien 

Kärnten 

Steiermark 

Oberösterreich 

Salzburg 

Tirol 

Vorarlberg 

Région de Bruxelles-Capitale 

Prov. Antwerpen 

Prov. Limburg (BE) 

Prov. Oost-Vlaanderen 

Prov. Vlaams-Brabant 

Prov. West-Vlaanderen 

Prov. Brabant Wallon 

Prov. Hainaut 

Prov. Liège 

Prov. Luxembourg (BE) 

Prov. Namur 

Praha 

Střední Čechy 

Jihozápad 

Severozápad 

Severovýchod 

Jihovýchod 

Střední Morava 

Moravskoslezsko 

Stuttgart 

Karlsruhe 

Freiburg 

Tübingen 

Oberbayern 

Niederbayern 

Oberpfalz 

Oberfranken 

Mittelfranken 

Unterfranken 

Schwaben 

Berlin 

Brandenburg 

Bremen 

Hamburg 

Darmstadt 

Gießen 

Kassel 

Mecklenburg-Vorpommern 

Braunschweig 

Hannover 

Lüneburg 

Weser-Ems 

Düsseldorf 

Köln 

Münster 

Detmold 

Arnsberg 

Koblenz 

Trier 

Rheinhessen-Pfalz 

Saarland 

Dresden 

Chemnitz 

Leipzig 

Schleswig-Holstein 

Thüringen 

Hovedstaden 

Sjælland 

Syddanmark 

Eesti 

Aττική 

Βόρειο Αιγαίο * 

Νότιο Αιγαίο 

Κρήτη 

Galicia 

Principado de Asturias  

Cantabria 

País Vasco 

Comunidad Foral de Navarra 

La Rioja 

Aragón 

Comunidad de Madrid 

Castilla y León 

Castilla-La Mancha 

Extremadura 

Cataluña 

Comunidad Valenciana 

Illes Balears 

Andalucía 

Región de Murcia 

Ciudad Autónoma de Ceuta * 

Ciudad Autónoma de Melilla 

Canarias 

Etelä-Suomi 

Länsi-Suomi 

Pohjois- ja Itä-Suomi 

Åland 

Île de France 

Champagne-Ardenne 

Picardie 

Haute-Normandie 

Centre 

Basse-Normandie 

Bourgogne 

Nord - Pas-de-Calais 

Lorraine 

Alsace 

Franche-Comté 

Pays de la Loire 

Bretagne 

Poitou-Charentes 

Aquitaine 

Midi-Pyrénées 

Limousin 

Rhône-Alpes 

Auvergne 

Languedoc-Roussillon 

Provence-Alpes-Côte d'Azur 

Corse 

Közép-Magyarország 

Közép-Dunántúl 

Nyugat-Dunántúl 

Dél-Dunántúl 

Észak-Magyarország 

Észak-Alföld 

Dél-Alföld 

Border, Midland and Western 

Southern and Eastern 

Piemonte 

Valle d'Aosta 

Liguria 

Lombardia 

Abruzzo 

Molise 

Campania 

Puglia 

Basilicata * 

Calabria 

Sicilia 

Sardegna 

Provincia Autonoma di 

Bolzano 

Provincia Autonoma di 

Trento 

Veneto 

Friuli-Venezia Giulia 

Emilia-Romagna 

Toscana 

Umbria 

Marche 

Lazio 

Lietuva 

Luxembourg 

Latvija 

Malta 

Groningen 

Friesland (NL) 

Drenthe 

Overijssel 

Gelderland 

Flevoland 

Utrecht 

Noord-Holland 

Zuid-Holland 

Zeeland 

Noord-Brabant 

Limburg (NL) 

Łódzkie 

Mazowieckie 

Małopolskie 



 

List of NUTS 2 regions (cont.) 
Śląskie 

Lubelskie 

Podkarpackie 

Świętokrzyskie 

Podlaskie 

Wielkopolskie 

Zachodniopomorskie 

Lubuskie 

Dolnośląskie 

Opolskie 

Kujawsko-Pomorskie 

Warmińsko-Mazurskie 

Pomorskie 

Norte 

Algarve 

Centro (PT) 

Lisboa 

Alentejo 

Stockholm 

Östra Mellansverige 

Småland med öarna 

Sydsverige 

Västsverige 

Norra Mellansverige 

 

Mellersta Norrland 

Övre Norrland 

Bratislavský kraj 

Západné Slovensko 

Stredné Slovensko 

Východné Slovensko 

Tees Valley and Durham 

Northumberland and Tyne 

and Wear 

Cumbria 

Greater Manchester 

Lancashire 

Cheshire 

Merseyside 

East Yorkshire and Northern 

Lincolnshire 

North Yorkshire 

South Yorkshire 

West Yorkshire 

Derbyshire and 

Nottinghamshire 

Leicestershire, Rutland and 

Northamptonshire 

Lincolnshire 

Herefordshire, Worcestershire 

and Warwickshire 

Shropshire and Staffordshire 

West Midlands 

East Anglia 

Bedfordshire and 

Hertfordshire 

Essex 

Berkshire, Buckinghamshire 

and Oxfordshire 

Surrey, East and West Sussex 

Hampshire and Isle of Wight 

Kent 

Gloucestershire, Wiltshire and 

Bristol/Bath area 

Dorset and Somerset 

Cornwall and Isles of Scilly 

Devon 

West Wales and The Valleys  

East Wales 

Eastern Scotland 

South Western Scotland 

North Eastern Scotland 

Highlands and Islands 

Northern Ireland 

Notes: * denotes region excluded in the 2007 sample by lack of data. 

 



 

Table A2: List of variables and sources 

Variable Description Source 

𝑇𝑟𝑎𝑑 𝑒𝑖𝑗  Trade between regions i and j (in 

millions of €) 

Thissen et 

al. (2013)  

𝐵𝑅𝐵𝑖 ,𝑡 −1 ,𝐵𝑅𝐵𝑗,𝑡 −1 ICT broadband 1-year lagged for 

regions i and j, respectively 

(Normalised index) 

ESPON 

𝐺𝐷𝑃𝑖 ,𝐺𝐷𝑃𝑗  Gross Domestic Product for regions i 

and j (in millions of €) 

Eurostat 

𝐺𝐷𝑃𝑝𝑐𝑖, 𝐺𝐷𝑃𝑝 𝑐𝑗 GDP per capita for regions i and j, 

respectively (in € per inhabitant) 

Eurostat 

ln 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗  Bilateral distance between regions i 

and j (in kilometres) 

Eurostat 

GISCO 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗  Dummy variable that takes value 1 if 

both regions share a common border 

within the region and 0 otherwise 

Eurostat 

GISCO 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡 𝑦𝑖𝑗  Dummy variable that takes value 1 if 

both regions share a common border 

between countries and 0 otherwise 

Eurostat 

GISCO 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗  Dummy variable that takes value 1 for 

domestic trade and 0 otherwise 

Calculated 

𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗  Dummy variable that takes value 1 if 

both regions are from the same country 

and 0 otherwise 

Calculated 

Notes: ESPON: European Spatial Planning Observation Network. GISCO: the Geographic 
Information System of the Commission. 

 

  



 

Table A3: Descriptive statistics 

Year 2007 (52,441 observations; 229 regions) 
 Mean Standard Dev. Minimum Maximum 

𝑇𝑟𝑎𝑑𝑒𝑖𝑗 (in millions of €) 372.89 6,282.80 0.04 574,161.80 

𝐵𝑅𝐵𝑖,𝑡−1 (Normalised index) 2.48 6.65 0.01 60.91 

𝐵𝑅𝐵𝑗,𝑡−1 (Normalised index) 2.48 6.65 0.01 60.91 

𝐺𝐷𝑃𝑖 (in millions of €) 51,841.42 56,132.38 1,098.00 552,691.00 

𝐺𝐷𝑃𝑗 (in millions of €) 51,841.42 56,132.38 1,098.00 552,691.00 

𝐺𝐷𝑃𝑝𝑐𝑖 (in € per inhabitant) 26,521.40 10,908.46 5,800.00 76,500.00 

𝐺𝐷𝑃𝑝𝑐𝑗 (in € per inhabitant) 26,521.40 10,908.46 5,800.00 76,500.00 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗 (in kilometres) 1,085.94 642.45 0.39 5,079.92 

Year 2010 (53,824 observations; 232 regions) 
 Mean Standard Dev. Minimum Maximum 

𝑇𝑟𝑎𝑑𝑒𝑖𝑗 (in millions of €) 362.53 6,320.73 0.02 609,810.30 

𝐵𝑅𝐵𝑖,𝑡−1 (Normalised index) 3.25 8.08 0.00 68.71 

𝐵𝑅𝐵𝑗,𝑡−1 (Normalised index) 3.25 8.08 0.00 68.71 

𝐺𝐷𝑃𝑖 (in millions of €) 51,010.19 58,447.91 1,148.00 609,330.00 

𝐺𝐷𝑃𝑗 (in millions of €) 51,010.19 58,447.91 1,148.00 609,330.00 

𝐺𝐷𝑃𝑝𝑐𝑖 (in € per inhabitant) 25,865.73 10,802.09 5,900.00 77,900.00 

𝐺𝐷𝑃𝑝𝑐𝑗 (in € per inhabitant) 25,865.73 10,802.09 5,900.00 77,900.00 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗 (in kilometres) 1,103.94 652.22 0.39 5,079.92 

 
 

 

 

 

 

 

 

 


