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“Caminante, son tus huellas 

el camino y nada más; 

Caminante, no hay camino, 

se hace camino al andar. 

Al andar se hace el camino, 

y al volver la vista atrás 

se ve la senda que nunca 

se ha de volver a pisar. 

Caminante no hay camino 

sino estelas en la mar.” 

- Antonio Machado (1875–1939). Proverbios y cantares (XXIX) 

“El modo de dar una vez en el clavo es dar cien veces en la herradura.” 

- Miguel de Unamuno (1864-1936) 

“¿Podrías decirme, por favor, qué camino debo seguir para salir de aquí? -Esto depende en 

gran parte del sitio al que quieras llegar, dijo el Gato. No me importa mucho el sitio, 

respondió Alicia. Entonces tampoco importa mucho el camino que tomes, le contestó el 

Gato.”  

- Lewis Carroll  (1832-1898). Alicia en el País de las Maravillas. 
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Short summary

This dissertation, entitled “ICTs effects on trade using a gravity model approach,” constitutes 

a novel research about how the disparities in the diffusion of information and communication 

technologies (ICTs) affect the empirical relationship between ICT and trade.  

Both ICT and trade are fundamental to understanding the current context of 

globalization, which is characterized by an unprecedented trade liberalization and ICT usage. 

Although both topics have traditionally been studied separately, a few studies have found a 

causal effect between both dimensions of the world economy. This relationship is grounded 

in the role of ICT in reducing fixed and variable trade costs. In this context, ICT reduces 

fixed trade costs, which are mainly linked to transactions, and also variable trade costs 

diminishing the role of distance.  

The existence of important differences in supply and demand factors leads to 

differences in ICT adoption across countries, regions, firms and households. As a result of 

this, we can find important differences in the diffusion of ICTs across time spans, with a 

special emphasis on the importance of time, where the current period is registering the highest 

growth rates in ICT diffusion. Apart from that, we also find digitalization differences in levels 

of development, types of ICT and regions. The consideration of no disparities in ICT 

diffusion when studying the effects of ICTs on trade is at the expense of not explaining the 

reality consistently. 

The Internet is one of the most typical proxies for ICT analysis. However, little 

attention has been paid to other ICT variables, such as mobile phones and broadband, which 

have an increasing importance nowadays. The studies are performed at a country level and 

neglect the importance of location and space in explaining the spatial diffusion of ICT. Apart 

from that, much of the literature has not addressed the consequences of the different 

trajectories of the diffusion of several technologies over time.  

The objective of this dissertation is to study the effects of ICTs on trade, while taking 

into consideration the impacts of changes in the diffusion of ICT. In line with the previous 

statements, we consider three scenarios concerning the effects of ICTs on trade: i) large time 
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spans including the most recent evolution of ICT, as well as differences in development 

levels; ii) recent time spans and types of ICT; and iii) regions. These three scenarios originate 

three empirical chapters, each one presenting the structure of a potential journal article. 

For these three empirical chapters, we use the gravity model of bilateral trade, which 

is the baseline methodology used in previous studies. In the context of gravity models, ICTs 

are introduced as a trade costs component, together with other geographical, economic and 

institutional determinants. Given the bilateral trade framework, we obtain coefficients for the 

ICT variable in the exporter and importer location. In addition to that, we mitigate empirical 

problems in the relationship between ICTs and trade, such as endogeneity, trade flows 

heteroscedasticity and third-country factors, known as multilateral resistance terms. 

We apply the gravity model to the context of ICT disparities in time spans, levels of 

development, types of ICT and regions. Our results highlight the importance of disparities in 

the diffusion, given that we obtain positive and significant ICT impacts on trade, but they are 

different for the three scenarios considered. First, our findings suggest how the effect of the 

Internet differs for development levels, with the highest effects being for exports from high-

income countries and exports between high-income countries. Second, when we consider 

different types of ICT, we find that many of the effects of ICTs on trade are positive and 

significant but vary by types of ICT: The effects of mobile phones in the importer country 

on exports to low- and middle-income countries are the greatest. We cannot also neglect the 

importance of positive and significant effects obtained for Internet use and broadband. Third, 

we find that broadband coefficients are also positive and significant at a regional level for a 

representative sample of EU regions. This positive effect holds when we introduce spatial 

dependence due to the existence of trade spillovers and take into account the presence of 

large matrices. Among the three types of spatial dependence, we find the greatest effects in 

spatial dependence at origin-destination. 

Our findings suggest that possible public actions should be implemented to promote 

internationalization through the use of ICT both in firms and public administrations. We 

conclude this dissertation with public policy recommendations: The development of adequate 

ICT infrastructures in low- and middle-income countries is fundamental in reducing the gap 

with high-income countries and facilitating internationalization. Also, we acknowledge 
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disaggregation by types of ICT, so the government spending may reinforce those ICTs less 

close to saturation levels and presenting potential growth opportunities. At the regional level, 

we emphasize the importance of taking into account the role of space in Europe in order to 

develop adequate place-based development territorial policies related to ICT. These policies 

are expected to mitigate the disparities between European regions and are fundamental in the 

current context of regional Smart Specialization. The effect of ICT on trade presents a 

growing interest in the literature and there is the potential to develop further studies. 
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Resumen de la tesis doctoral (short summary in Spanish) 

Esta tesis doctoral, con el título “Efectos de las TIC en el comercio a partir de un enfoque del 

modelo de gravedad” constituye una investigación inédita sobre cómo las disparidades en el 

proceso de difusión de las Tecnologías de la Información y Comunicación (TIC) afectan a la 

relación empírica entre las TIC y el comercio.  

Tanto las TIC como el comercio resultan fundamentales para entender el contexto 

actual de la globalización, caracterizado por unos niveles de liberalización comercial y uso 

de las TIC sin precedentes. Aunque tradicionalmente ambos sucesos se han abordado de 

manera separada en la literatura, algunos autores han demostrado la existencia de una 

relación causal entre ambos fenómenos de la economía mundial. Esta relación se basa en el 

rol de las TIC para reducir los costes de comercio, tanto fijos como variables. En este 

contexto, las TIC reducen los costes fijos de comercio, que están principalmente relacionados 

con transacciones, así como los costes variables, disminuyendo la influencia de la distancia.  

La existencia de importantes diferencias en factores relacionados con la oferta y la 

demanda lleva a diferencias en la adopción de las TIC entre países, regiones, empresas y 

hogares. Como resultado, podemos encontrar diferencias importantes en el proceso de 

difusión de las TIC a lo largo del tiempo, concediendo especial importancia al período actual 

con un mayor crecimiento en la difusión de las TIC. Aparte de esto, se encuentran diferencias 

en la digitalización para niveles de desarrollo, tipos de TIC y regiones. No considerar 

disparidades en la difusión de las TIC cuando se estudia cómo las TIC afectan al comercio 

trae consigo una explicación inconsistente de la realidad.  

Internet es la variable más utilizada para el análisis de las TIC. Sin embargo, se ha 

prestado muy poca atención a otras variables TIC, tales como los teléfonos móviles y la banda 

ancha, con una creciente importancia en el contexto actual. Los estudios se han realizado 

principalmente a nivel de país y no tienen en cuenta la importancia de la localización para 

explicar la difusión espacial de las TIC. Además, gran parte de la literatura no ha analizado 

las consecuencias de la existencia de diferentes trayectorias en la difusión de diferentes 

tecnologías a lo largo del tiempo.  
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El objetivo de esta tesis doctoral es estudiar los efectos de las TIC sobre el comercio, 

pero considerando los cambios debido a la difusión de las TIC. De acuerdo con las 

afirmaciones previas, se consideran tres escenarios para el estudio del efecto de las TIC sobre 

el comercio:  i) períodos de tiempo largos que incluyen la evolución más reciente de las TIC, 

así como diferencias en los efectos por niveles de desarrollo, ii) de una manera similar al 

escenario anterior, períodos de tiempo largos, que incluyen un análisis de los efectos para 

diferentes TIC y iii) regiones. Estos tres escenarios dan lugar a tres capítulos empíricos, cada 

uno de los cuales presenta la estructura de un potencial artículo científico.  

Para estos tres capítulos empíricos, se utiliza el modelo de gravedad de comercio, la 

técnica de referencia utilizada en los estudios previos. En el contexto de los modelos de 

gravedad, las TIC se introducen como un componente de los costes de comercio, de manera 

conjunta con otros factores geográficos, económicos e institucionales. Dado el contexto de 

comercio bilateral, se obtienen coeficientes para las variables TIC en las localizaciones 

exportadora e importadora. Adicionalmente, se tienen en cuenta problemas empíricos en la 

relación entre TIC y comercio, tales como endogeneidad, heterocedasticidad en los flujos de 

comercio y factores relativos al efecto de terceros países, conocidos como términos de 

resistencia multilateral. 

Se aplica el modelo de gravedad al contexto de disparidades en la difusión de las TIC, 

en: períodos de tiempo, niveles de desarrollo, tipos de TIC y regiones. Los resultados ponen 

de manifiesto la importancia de las disparidades en la difusión de las TIC, dado que los 

efectos de las TIC sobre el comercio son positivos y significativos, pero diferentes para cada 

uno de los tres escenarios considerados: En primer lugar, los resultados sugieren que el efecto 

de Internet varía por niveles de desarrollo, encontrando los mayores efectos para las 

exportaciones desde los países de renta alta hasta los países de renta media y baja, así como 

para las exportaciones entre los países de renta alta. En segundo lugar, al considerar 

diferentes tipos de TIC se obtiene que gran parte de los efectos de las TIC sobre el comercio 

son positivos y significativos, pero que éstos varían por tipos de TIC: los coeficientes de los 

teléfonos móviles en el país importador para exportaciones a países de renta media y baja 

denotan los mayores efectos. Adicionalmente, se tiene en cuenta la importancia de efectos 

positivos y significativos obtenidos para Internet y la banda ancha. En tercer lugar, se hallan 
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coeficientes positivos y significativos de la banda ancha también a nivel regional, para una 

muestra representativa de regiones de la UE. Este efecto positivo se mantiene al introducir 

dependencia espacial mediante la incorporación del comercio de regiones vecinas y además 

se tiene en cuenta la presencia de matrices grandes. De entre los tres tipos de dependencia 

espacial considerada, los mayores efectos se encuentran en la dependencia espacial en origen-

destino.  

Estos resultados sugieren la implementación de políticas públicas con el fin de 

promover la internacionalización mediante el uso de las TIC en las empresas y las 

administraciones públicas. Se concluye la tesis con potenciales recomendaciones de política 

pública: el desarrollo de infraestructuras TIC adecuadas en países de renta media y baja es 

fundamental para reducir la diferencia respecto a los países de renta alta y facilita la 

internacionalización. Además, teniendo en cuenta la desagregación por tipos de TIC, el gasto 

público debería reforzar aquellas TIC menos cercanas a los niveles de saturación y que, por 

tanto, presentan oportunidades potenciales de crecimiento. A nivel regional, se enfatiza la 

importancia de tener en cuenta el nivel territorial en Europa, con el fin de implementar 

políticas territoriales basadas en lugares relacionadas con las TIC. Se espera que estas 

políticas mitiguen las diferencias entre regiones europeas y sean fundamentales en el 

contexto actual de Especialización Inteligente. El efecto de las TIC sobre el comercio 

presenta un interés creciente en la literatura y ofrece posibilidades de desarrollar estudios 

futuros. 
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Chapter 1: Introduction 

The current globalization process is characterized by an expansion of international trade, 

which has been developing in parallel to the process of the diffusion of information and 

communication technologies (henceforth, ICTs) and, in particular, Internet use worldwide. 

In the period 1996–2016, world exports increased by 310%, while in the same period the 

percentage of Internet users grew from 1.3% in 1996 to 45% in 2016. In this context of 

progressive trade liberalization, despite decreasing transportation costs, trade costs were still 

high and trade facilitation was below its potential (Djankov et al., 2010; Hummels and 

Schaur, 2013; WTO, 2015) 1. In fact, different authors have empirically contrasted how trade 

costs play a fundamental role in determining trade flows (Anderson and Van Wincoop, 2004; 

Head and Mayer, 2014). 

Among the different factors that can contribute to decreasing trade costs and facilitating 

trade, ICTs constitute one of the most powerful tools nowadays. Thus, it is necessary to think 

about ICT and trade not as separate topics, but in a causal context where ICT can contribute 

to increasing trade flows and competitiveness. The effect of ICT on trade has been catalogued 

as a “digital dividend,” given the opportunity to engage new firms in trade and improve 

inclusion (World Bank, 2016). Improvements in technology may help small and medium-

sized firms to compete in international markets (Correa-Lopez and Doménech, 2012). 

Despite the relevance of ICT in explaining trade flows, especially given the prominent role 

played by firms’ internationalization, this causal relationship requires an understanding of 

how ICTs impact on economics and society in the context of ICT diffusion. 

By means of information and communication flows, ICTs have enabled important 

economic and social changes. ICTs drive these changes as general purpose technologies 

(henceforth, GPTs), resulting in greater technical progress, innovation, productivity and 

economic growth (Bresnahan and Trajtenberg, 1995).  

1 Trade facilitation is defined as “the simplification, modernization, and harmonization of export and import 
processes” (WTO, 2015: 36). 
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In considering ICTs as GPTs, it is important to clarify that the cost of adoption for the 

new technology is higher at the beginning, while firms accommodate their production 

processes to the new technologies, but the usage spreads rapidly during subsequent phases 

(Helpman and Trajtenberg, 1998a). In this context, time is fundamental to evaluating the 

benefits derived from technical change, given the difference of growth rates in the adoption 

of ICTs during the different stages (Helpman and Trajtenberg, 1998b). In fact, the adoption 

lags for a new technology tend to be large (Comin and Hobijn, 2010; Comin and Mestieri, 

forthcoming).  

The diffusion of ICTs is neither static nor symmetric, but dynamic and asymmetric. 

Due to the existence and interaction of supply and demand factors related to the adoption of 

technology (Karshenas and Stoneman, 1993), we find important differences in the diffusion 

of technology not only in terms of time spans, but across countries, firms, households and 

individuals. The most important differences in ICT diffusion refer to countries (World Bank, 

2016; ITU, 2017), where digitalization varies by levels of development, and the type of 

technology (Karshenas and Stoneman, 1995; Comin and Hobijn, 2010), with differences in 

both usage and diffusion patterns for each technology. In addition to that, the importance of 

space in explaining technology diffusion cannot be neglected: Firms interact with other firms 

to adopt new technologies and the cost of these interactions is lower within countries due to 

agglomeration (Comin and Mestieri, 2014). According to all the aforementioned statements, 

an effect of ICT on trade with a resemblance to reality demands consideration of the 

disparities in ICT diffusion in evaluating the effects of ICT on trade. 

In particular, with regard to the field of international trade, different authors have 

considered the importance of technology in explaining trade patterns. Ricardo (1817), who 

demonstrated the existence of exogenous technology in international trade, can be considered 

the seminal work. Subsequent trade theories have not considered differences in technology 

as an explanatory factor for trade patterns (Ohlin, 1933; Hecksher, 1950; Krugman, 1980). 

The most recent contribution, new-new trade theory (Melitz, 2003), focuses on a firm level 

where technology contributes to reducing firms’ exporting costs.  
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Different authors have empirically studied the effect of ICT on trade (Freund and 

Weinhold, 2002, 2004; Clarke and Wallsten, 2006; Chung et al., 2013; Lin, 2015; Liu and 

Nath, 2017, among others), at the expense of not considering that this relationship may be 

affected by the disparities in ICT diffusion. An overview of the literature shows the existence 

of gaps to be addressed in future research: i) Studies are cross-sectional (Demirkan et al., 

2009; Marquez-Ramos and Martinez-Zarzoso, 2010) or use panel data but not close to the 

current period (Bojnec and Fertö, 2009; Lin, 2015), where ICT diffusion rates are higher; ii) 

The studies do not distinguish levels of development, with the exceptions of cross-sectional 

studies (Marquez-Ramos and Martinez-Zarzoso, 2005; Clarke and Wallsten, 2006) or panel 

data with less resemblance to the current period (Abeliansky and Hilbert, 2017); iii) The 

studies tend to focus on the Internet as a proxy for ICT, and ignore the impacts of technologies 

with growing importance, such as mobile phones and broadband. The exceptions are cross-

sectional (Wang and Li, 2017) or panel data restricted either to a specific geographic area 

(Ahmad et al., 2011) or product (Chung et al., 2013; Liu and Nath, 2013); iv) Studies focus 

on the country level and no studies are conducted at the regional level, with the exception of 

Bensassi et al. (2015), but they are restricted to exports from Spanish regions. 

The objective of this dissertation is to study the effect of ICTs on trade, while taking 

into account the implications of disparities in ICT diffusion, in contrast to previous studies. 

The disparities in the ICT diffusion lead us to assume the following aspects: i) the importance 

of time in studying ICT diffusion, with a special emphasis on the current period, where 

diffusion rates are higher; ii) the distinction of levels of development, segmenting the ICT 

impacts on trade for high-, low- and middle-income countries and using panel data to 

highlight the importance of time in explaining the effect; iii) the consideration of different 

types of ICT: In addition to the Internet, we also study the impacts of broadband and mobile 

phones. These technologies are fundamental to understanding the current stage of ICT 

diffusion and present important differences in their diffusion trajectories regarding the 

Internet; iv) the impact of ICT on trade within countries at the regional level, which allows 

us to explore the influence of space. 
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1.1. Objectives and contribution 

As previously mentioned, the objective of this dissertation is to study the impacts of ICT on 

trade taking into account the disparities in the diffusion of ICT. In short, the general 

contribution is that we study for the first time the influence of ICT on trade taking into 

account: a) the period of its maximum diffusion; b) the differences in economic development 

contexts; and c) the influence of different technologies investigating ICT impacts for 

different levels of analysis: country and regional level, in both static and dynamic trade 

frameworks. In accordance with these statements, we formulate three specific research 

objectives: 

Specific Objective 1: Analysis of effects of ICTs on trade by economic development levels 

The differences in ICT diffusion patterns seem to be related to differences in the country’s 

economic development levels (Dewan et al., 2005; World Bank, 2016; ITU, 2017). As for 

the impacts on trade, different authors have demonstrated the existence of asymmetric 

impacts of technology on trade, distinguishing between developed and developing countries 

(Krugman, 1985; Flam and Helpman, 1987). On the one hand, there is a great variety of 

factors affecting ICT diffusion and their impacts across countries. On the other hand, there 

are also specific variables that impact bilateral trade flows, such as distance. For this reason 

it is not possible to draw conclusions regarding the possible final result of the impacts of 

ICTs on trade by development levels.  

When we segment by levels of development, we cannot predict which group of 

countries will register the largest ICT impact, but we can anticipate that these effects will be 

different in terms of levels of development. In fact, we can find greater levels of digitalization 

in countries with higher incomes (Chinn and Fairlie, 2007; Billon et al., 2009; ITU, 2017). 

This statement has two major implications: On the one hand, high-income countries would 

benefit to a greater extent from the reduction of trade costs due to the effect of ICT, since 

these countries exhibit a higher degree of trade openness and greater levels of ICT use (Clarke 

and Wallsten, 2006); on the other hand, the possible influence of ICT use on reducing trade 

costs related to distance (Kauffman and Kumar, 2008) might increase with distance 

(Demirkan et al., 2009). Given that low- and middle-income countries tend to present lower 
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levels of ICT infrastructure and higher geographical impediments to trade (Limao and 

Venables, 2001), they are more sensitive to the effect of distance and might benefit to a 

greater extent from Internet use. 

Only a few studies have addressed the differences in levels of development in studying 

ICT impacts on trade. The first set of studies, which segment the level of economic 

development to quantify the effect of ICTs on trade, are cross-sectional based: Marquez-

Ramos and Martinez-Zarzoso (2005) analyze the effect of ICT-based technological 

innovation on trade for a sample of 62 developed and developing countries in 1999, and 

obtain a positive effect. Clarke and Wallsten (2006) study 52 developed and 46 developing 

countries in 2001, replicating the positive effect of ICT and finding a greater effect on exports 

from low- and middle-income than from high-income countries. Demirkan et al. (2009) 

demonstrate how ICTs present a greater effect on trade concerning smaller countries, so ICTs 

contribute to decreasing the influence of the limitation imposed by distance.  

However, as Egger (2000) points out, cross-sectional studies, in contrast to panel data 

ones, do not allow either the links between relevant variables during large time spans to be 

captured or the influence of business cycles to be taken into account. By contrast, panel data 

studies facilitate the inclusion of specific country effects that are time-varying and allow us 

to describe how these effects evolve over time. The bulk of studies that use panel data focused 

either on OECD countries or on other areas separately (Bojnec and Fertö, 2009, 2010; Chung 

et al., 2013). The exception is Abeliansky and Hilbert (2017), who analyze the period 1995–

2008 and hence do not capture the effect of ICT, especially the Internet, in recent years. A 

large number of the studies that take into account countries’ economic development level 

only employ cross-sectional analysis. The rest of the research does not use panel data 

analysis, or differentiate by economic development level, or consider a time span with a 

greater ICT diffusion. Both the process of ICT diffusion and the consideration of ICTs as 

GPTs give a prominent role to the dimension of time when studying the benefits derived from 

their use (Helpman and Trajtenberg, 1998a). This leads us to the importance of exploring the 

impacts of ICTs on trade by using panel data analysis.  



 Chapter 1: Introduction 

Page 32 of 342 ©Ernesto Rodríguez Crespo 

Therefore, the first specific objective of the dissertation is to study the effect of Internet 

use on trade, taking into consideration the period of its maximum diffusion and segmenting 

by different economic development levels. We contribute to the current empirical evidence 

by providing new insights into the impacts of ICT diffusion on trade when taking account of 

the role of economic development differences between exporter and importer countries over 

time. The specific hypothesis to be contrasted is: 

H1: The impact of Internet use on trade differs by levels of economic development 

Specific Objective 2: To study the effect of different types of ICTs on trade 

The diffusion of ICTs not only differs between countries, but also by types of ICT. The 

diffusion of ICTs is a dynamic process that takes place over time. In addition, each type of 

ICT presents a different diffusion curve, thereby originating heterogeneous diffusion 

trajectories (Karshenas and Stoneman, 1995; Rogers, 2003). Data corroborate this theoretical 

evidence showing different diffusion trajectories by types of ICT (Lechman, 2015). For 

instance, if we analyze the period 1996–2016, the ICT diffusion growth was not uniform. 

Disaggregating by different types of ICT, we find that Internet users increased from 1.3% to 

45.9%, mobile phone subscriptions per 100 inhabitants rose from 2.5% to 101.5% and the 

growth of broadband subscriptions was 0.8% in 2001, in contrast to the level of 13.6% 

reached in 2016. The diffusion patterns present sharp differences across each type of ICT for 

the period mentioned. 

In addition, there are important differences between technologies. Thus, we can 

differentiate between technologies associated with ICT infrastructure and those associated 

with ICT use. 

ICT variables related to infrastructure are fundamental in analyzing their impacts on 

trade. In fact, infrastructure is a fundamental determinant in explaining transport costs and 

hence trade patterns (Limao and Venables, 2001; Clark et al., 2004; François and Manchin, 

2013). Infrastructures are related to efficiency, and better-quality infrastructures are related 

to the existence of a greater comparative advantage of trade. Those countries with a lower 

quality of infrastructure tend to present higher trade costs. Telecommunications 

infrastructure such as broadband is a key indicator not only in explaining the effects of ICTs 
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on trade, but in allowing the diffusion of other technologies usually associated with ICT use. 

According to ITU (2017), mobile services predominate over fixed services: Mobile phone 

subscriptions account for 90% of voice subscriptions, and this number increases to 98% in 

the case of the least developed countries. While some ICTs, such as the Internet, require a 

high level of development of telecommunications infrastructure, mobile phones do not 

require such a high level and have become the most affordable alternative for the population 

in the least developed countries (James and Versteeg, 2007; James, 2013). As a consequence, 

mobile phones have helped the least developed countries to leapfrog rich countries (James, 

2014). Meanwhile, some usage variables in developed countries are closer to saturation level, 

while infrastructure variables, such as mobile broadband, present an increasing trend and 

hence opportunities to expand.  

We can also find differences in the patterns of usage across types of ICT associated 

with international trade activities. Through online platforms, the Internet contributes to 

promoting the internationalization of small firms and reducing the costs of entry into foreign 

markets (World Bank, 2016). Mobile phones contribute to reducing search and information 

costs between purchasers and sellers (Aker, 2010; Chung et al., 2013). Broadband is related 

to the rise of networks and has mainly contributed to the tradability of services (OECD, 2008; 

Kneller and Timmis, 2016).  

The study of ICT diffusion patterns has followed two major approaches: a holistic 

approach based on weighting indices from various ICT measures and an atomistic approach 

based on simple measures considering each ICT separately. Comin and Mestieri (2014) 

believe that studies using traditional measures concentrate on a single technology and cannot 

explain the patterns in technology diffusion. 

The holistic approach has considered an aggregate measure of ICT, composed of 

weighted indices or results applying multivariate analysis techniques, to explain the effects 

of ICTs on trade. With regard to this perspective, Marquez-Ramos and Martinez-Zarzoso 

(2005) use an index-measuring technology (Technological Achievement Index, henceforth 

TAI) to measure the integration of new technologies explicitly in the index, following a cross-

sectional analysis in 1999 for developed and developing countries. Vemuri and Siddiqi 
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(2009) use factor analysis for the number of personal computers, Internet users and telephone 

lines to create an aggregate indicator for the period 1985–2005. Lastly, Portugal-Perez and 

Wilson (2012) develop an index for the period 2004–2007 weighing the following 

components: availability of latest ICT, level of technology absorption, business Internet use 

and government prioritization of ICT. As regards this set of studies, we consider two aspects 

to be fundamental: Weighted indices do not provide an overview of the differences in the 

diffusion of each ICT, but rather a general aggregate measure of ICT diffusion. On the other 

hand, cross-sectional approaches do not capture the diffusion of ICT over time. 

In terms of the atomistic approach, a few authors have evaluated the effect of different 

ICTs on trade segmenting by the type of ICT. Ahmad et al. (2011) investigate the effect on 

trade of personal computers, fixed phone lines, mobile phones and Internet users during the 

period 1980–2008 for Malaysia and 36 trading partners. Chung et al. (2013) study the impact 

of Internet use, mobile phones and fixed phone lines on bilateral trade during the period 

1997–2006 in relation to APEC countries. Liu and Nath (2013) analyze the effect of the 

growth of telecommunications investment, broadband, Internet subscriptions and Internet 

hosts on trade, focusing on emerging countries during the period 1995–2010. This approach 

presents an important gap in terms of contributions, since the literature does not consider 

both country income levels and multiple types of ICT in analyzing the effects of ICTs on 

trade. In addition to that, this approach is more realistic than the holistic one, given that an 

only technology or aggregate index cannot capture the behavior of ICTs as GPTs (Liu and 

Nath, 2013). 

To sum up, neither indices nor cross-sectional studies capture the evolution of ICT over 

time, a fact that allows us to capture the nature of ICT diffusion. Both facts need to be taken 

into account when explaining the effects of ICTs on trade. Although a large proportion of 

this literature analyzes the effect of different ICTs on trade, a large number of studies have 

only considered Internet hosts or Internet users as the main explanatory variable of ICT. In 

contrast to this, only a few studies have included technologies other than those mentioned in 

the analysis, and the studies have focused on emerging economies or a specific sector. 

Consequently, we cannot find studies comparing the effect of different ICTs on trade in goods 
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for developed and developing countries covering simultaneously the most recent period with 

the highest ICT diffusion with multiple types of ICT. 

Trade dynamics is another important issue to be considered in explaining the effects of 

ICTs on trade. By trade dynamics, we mean the effect of past values on the current values of 

trade (Eichengreen and Irwin, 1998; Baldwin, 2006; Martinez-Zarzoso et al., 2009). In the 

context of panel data this implies introducing the lagged dependent variable as an additional 

explanatory variable. 

Considering these two statements as baseline, we specify objective 2 – study the effect 

of different types of ICT on trade – for a relevant sample of high-, low- and middle-income 

countries in a period long enough to capture the heterogeneity of ICT diffusion over time, 

which additionally considers trade dynamics. The literature has usually considered static 

models, where past values of trade do not affect its current values. In this case, the hypothesis 

to contrast is: 

H2: In a dynamic trade context, the impact of ICTs on trade differs by type of technology and 

economic development levels  

Specific Objective 3: Study of ICT effects on European regional trade 

The studies covering the effects of ICTs on trade have focused on country-level analysis. 

With the beginnings of new economic geography (Krugman, 1991a, 1991b), space emerged 

as a fundamental element to explain trade patterns and the concentration of industry. Baldwin 

(2016) identifies how firms still cluster significantly, even in the context of the New 

Globalization, where firms can overcome large distances.  

The importance of regional trade patterns was emphasized by Ohlin (1933), but 

McCallum (1995) made a fundamental contribution to the literature with the explanation of 

the border effect. McCallum (1995) demonstrated that regions concentrated a large 

percentage of trade flows with other regions from the same country, rather than with other 

regions from different countries. As a consequence of this, larger shares of regional trade are 

intraregional and domestic, rather than interregional.  
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The consideration of regions implies assumption of the importance of location and 

agglomeration. Demirkan et al. (2009) hold that distance must capture those aspects related 

to location, because of the fundamental role of location in explaining the effects of ICTs on 

trade. Hence, the role of distance explained at the country level does not explain the 

implications of location, which are shown at the regional level. In addition to that, the 

aggregate country approach cannot capture firms’ behavior at a local level (Capello and 

Spairani, 2004), in spite of the performance at a local level being fundamental to determining 

the aggregate level performance (Miguelez and Moreno, 2015).  

In the new economic geography, distance is an important element at the regional level 

in explaining trade patterns. Following the core-periphery two-region model of Fujita et al. 

(1999), firms agglomerate in those regions located at the core. These regions present higher 

real wages and lower transport costs, in contrast to the peripheral regions, which can be 

catalogued as lagging. Among the factors explaining the gap between the lagging and the 

advanced regions, differences in infrastructure and technology are among the most important 

(McCann and Ortega-Argilés, 2015). 

There is a growing debate about the effect of ICT at a regional level, given the 

importance of distance. On the one hand, derived from the reduction in transactional costs, 

new technologies favor, among others, the dispersion of workers (Ioannides et al., 2008). On 

the other hand, as we previously pointed out, new technologies motivate the creation of 

spillovers at the local level because firms seek to benefit from the performance of other firms. 

In these spillovers, proximity allows firms to diffuse knowledge faster (Duranton and Puga, 

2005), exchange knowledge flows faster and, more importantly, incur lower costs 

(Philippopoulos, 2016). Although that proximity may indicate a diminishing importance of 

distance, Tranos and Nijkamp (2013) demonstrate that distance still matters at the local level 

even after controlling proximity, and showing the spatiality of the Internet. In a regional 

framework, Comin et al. (2012) find that technology diffusion is slower for locations further 

away from the leaders. Hence, distance is still fundamental at the local level and the death of 

distance, as identified by Cairncross (1997), is not so definitive. 
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According to other authors (Forman et al., 2005; Demirkan et al., 2009), another 

interesting debate arises – the one about how regions benefit from the Internet differently: 

Internet use may be greater in cities with the available infrastructure to implement it. In 

contrast, the reduction of transactional costs can benefit greatly rural areas, whose degree of 

ICT infrastructure is lower. Given the spatial inequalities between regions within a country, 

this fact cannot be captured by the country level of analysis. 

Following the same reasoning, spillovers and location also affect trade. McCallum 

(1995) demonstrated how regions preferred to concentrate trade with regions from the same 

country rather than with regions from foreign countries. As a result of this, we find that 

distance is also relevant in explaining trade patterns at the regional level. As Rossi-Hansberg 

(2005) points out, trade has a spatial nature. In the presence of trade spillovers, the 

performance of a specific region may not only be affected by its own factors, but by factors 

concerning neighboring regions. Hence, trade in a certain region may be affected by trade 

patterns in neighboring regions, and constitute a context of spatial dependence. The presence 

of trade spillovers mitigates the effect of other explanatory factors (LeSage, 2008; LeSage 

and Pace, 2009), including ICTs. Hence, the effect of ICTs on trade may decrease in the 

presence of trade spillovers. Again, country-level analysis would not allow us to capture the 

influence of trade spillovers at a local level. 

To study the effect of ICTs on trade at a regional level, we focus on the case of Europe. 

On the one hand, ICTs are considered pillars of the Regional Cohesion Policy in Europe for 

the period 2014–2020 (European Commision, 2014), given the existence of digitalization 

disparities at a regional level in the European Union (Vicente and Lopez, 2011). 

Consequently, ICT can be a key element in promoting regional development and in reducing 

regional disparities in Europe. On the other hand, the dimension concerning regional trade is 

fundamental for Europe: Although tariffs have been abolished since the creation of the 

European Economic Community, there are still border impediments to trade (Head and 

Mayer, 2010; Gallego and Llano, 2015; Capello et al., 2018, among others). These borders 

lead to regional trade in Europe still being below its potential levels, but the literature 

provides scarce evidence on how to reduce trade costs and mitigate these borders at the 
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regional level. Due to the importance of distance and borders for regional trade, ICT can be 

used to overcome distance barriers and increase regional trade flows. 

As previously mentioned, the literature has mainly focused on the study of the effect 

of ICT on trade considering aggregate country-level analysis (Marquez-Ramos and Martinez-

Zarzoso, 2005; Bojnec and Ferto, 2009; Yushkova, 2014; among others). This is why the 

literature assumes that information flows and ICT diffusion patterns are perfectly 

representative using country-level data. With regard to regions, only Bensassi et al. (2015) 

cover this field of study, finding a positive effect of ICT on exports from Spanish regions to 

other European regions. 

It is necessary to study the effect of ICT on trade at a regional level in Europe, 

something that has not been dealt with in previous studies. The important implications of 

new technologies, location and distance cannot be captured with the country-level approach. 

In spite of the relevance of regions in studying this topic, the lack of availability of regional 

trade data makes the study difficult. There are no official regional trade statistics available at 

the European level, but some authors have estimated regional trade data to be consistent with 

the economic geography of Europe. Llano et al. (2010) estimate data for regional trade from 

Spanish regions, while Thissen et al. (2013) estimate trade flows for a sample of 232 EU 

regions for the period 2000–2010. 

The objective is to study the effect of broadband on regional trade in Europe. Unlike 

the previous chapters where we focused on ICT use or ICT use and variables, in this case we 

select broadband as the ICT variable, which allows us to capture the dimension of ICT 

infrastructure. At the regional level in Europe, different authors have emphasized how 

differences in infrastructure affect trade performance (Bensassi et al., 2015; Marquez-Ramos, 

2016). To accomplish this objective, we use the aforementioned Thissen et al.’s (2013) 

regional trade database, which to the best of our knowledge has not been used for this 

purpose. In this case, we formulate two hypotheses in order to capture not only the impact of 

broadband on trade, but also the importance of trade spillovers derived from location. These 

hypotheses are listed as follows:  
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H3: There exists a positive effect of broadband on trade at a regional level in Europe 

H4: The effect of broadband on European regional trade is lower in the presence of trade 

spillovers  

1.2. Dissertation structure 

This dissertation follows the traditional structure of a doctoral dissertation: The first part is 

divided into four chapters that present the common framework that will allow the reader to 

understand the rationale behind the rest of the research. Following this introduction, we 

present the conceptual framework of information and communication technologies (Chapter 

2) and the role of technology and trade costs in trade theory (Chapter 3). In Chapter 4, we

explain the theoretical and empirical evidence concerning the impacts of ICT on trade. We 

also cover the baseline empirical methodology to be used in the chapters of the second part 

of the research: the gravity model of international trade (Chapter 5). All these sections yield 

fundamental implications in understanding the effects of ICTs on trade.  

The second part of the dissertation is composed of four chapters, each one of them 

focusing on a different objective, as explained in the previous section, 1.1. Chapters 6 to 8 

follow the common structure of a manuscript to be potentially published.  

Chapter 6 is entitled “Impacts of Internet use on trade: new evidence for developed 

and developing countries.” This chapter investigates the impact of Internet use on bilateral 

trade flows using a gravity model and panel data for the 2000–2013 period. First, we test the 

positive influence of Internet use on exports for aggregate data. Second, we test the impact 

of Internet use on bilateral flows separately for developed and developing countries. We find 

a significant and positive relationship between the Internet and bilateral exports for all groups 

of countries. The results also show that the impacts vary from 0.09% to 0.28% depending on 

the development levels. Unlike previous studies, our findings suggest that the effect of 

Internet use is greater for the bilateral trade flows among developed countries. The largest 

effect is found for exports among high-income countries, for which an increase of 1% in the 
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number of Internet users in the export country increases exports by 0.28%. We contribute to 

the literature by investigating the impacts for developed and developing countries separately 

using panel data from the recent period of the greatest Internet diffusion. Using the Hausman 

and Taylor (1981) approach to panel data, we also tackle the endogeneity issues that are 

common in international trade models.  

Chapter 7 is entitled “ICT impacts on trade: a comparative dynamic analysis for 

Internet, mobile phones and broadband.” This chapter investigates the impact of Internet 

use, mobile phones and broadband on bilateral trade flows using a dynamic gravity model 

and panel data for the 2000‒2013 period. First, we test the positive influence of the three 

ICTs on exports for aggregate data. Second, we test the impact of ICT use on bilateral flows 

separately for each type of technology, differentiating the effects by country income levels. 

We provide consistent estimates by taking into account the dynamics of the trade flows on 

the one hand and the potential endogeneity and reverse causality between trade and ICT on 

the other. We find a significant and positive relationship between each type of ICT and 

bilateral exports. The results show that the impacts vary depending on the type of technology. 

Unlike previous studies, our findings suggest that the effect of ICT use is larger for bilateral 

trade flows among developed countries. The greatest effect is found for exports among high-

income countries, for which an increase of 1% in Internet users in the import country 

increases exports by 0.32%. For mobile phones the greatest effect is found for trade from 

high-income to low- and middle-income countries, for which an increase of 1% in mobile 

phones in the import countries raises exports by 0.36%. We contribute to the literature by 

providing new empirical evidence on the impacts of specific information technologies on 

trade as well as investigating the impacts on bilateral flows between developed and 

developing countries within a dynamic framework.  

Chapter 8 is entitled “The effect of broadband on EU trade: a regional spatial 

approach.” The positive effect of ICT on trade between countries has been widely studied in 

the literature but research on how ICT impacts regional trade is limited due to the lack of 

regional trade data. In this paper, we test whether broadband, as a proxy for ICT, increases 

bilateral trade at the regional level in Europe with and without trade spillovers. We use a 
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novel regional trade database of European Union regions and estimate an origin-destination 

flow gravity model for 2007 and 2010, accounting for spatial dependence among trade flows. 

Our results indicate that broadband is positive and significant in explaining trade patterns 

between European regions during both time periods. The coefficients are also positive in the 

presence of trade spillovers. We consider one of the major problems in spatial economics, 

the existence of large amounts of data potentially biasing results. For this purpose, we use a 

novel estimator in spatial econometrics, the matrix exponential spatial specification (MESS), 

which constitutes a recent development in spatial econometrics (LeSage and Pace, 2008; 

Arbia, 2014). 

Lastly, Chapter 9 presents the main conclusions of this research. We describe the 

principal findings and conclusions, discuss their implications and present potential public 

policy recommendations. We end this chapter by pointing out possible future lines for 

research.  
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Chapter 2: Information and communication 

technologies: conceptual framework 

The intention of this chapter is to present the conceptual framework of ICTs to show the 

reader the basic elements of the relationship between technology and trade that are the basis 

in studying how ICTs affect trade. 

On the one hand, the diffusion of ICTs takes place unequally between countries leading 

to differences in digitalization levels. These asymmetric digital developments are expected 

to affect the impacts of ICT on trade. For this reason, before analyzing the possible effects 

of ICT on trade, we review the main theoretical contributions that explain how ICT use is 

spread across the society, as well as the main factors that explain the diffusion of ICTs.  

In addition, there are other effects of ICTs that are not directly related to trade, but that 

potentially may affect it. These changes are mainly related to productivity, given that ICTs 

increase productivity, and productivity is one of the principal explanatory factors of firms’ 

internationalization. In this chapter we will also explain how ICTs affect the organization of 

production, because these changes are the basis of understanding how ICTs facilitate trade 

in the context of global value chains. 

Taking into account all these previous statements, we organize this chapter as follows: 

In section 2.1 we provide several definitions of information and communication 

technologies. We then briefly explain the theory of ICT diffusion (2.2) and ICT diffusion 

disparities (2.3). The disparities in ICT diffusion are relevant in explaining the effects of ICTs 

on trade. Finally, we study the effects of ICTs (2.4), paying special attention to the impacts 

of productivity and the effect of ICT on the organization of production. 
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2.1. Defining ICTs 

The current era presents a high degree of interaction between ICTs, individuals and society. 

Digital technologies help in monitoring routine tasks and in decreasing the cost and the time 

of transaction-intensive tasks (World Bank, 2016). Money withdrawals from ATMs, 

checking the stage of an order through a smartphone app, distance learning and purchasing 

tickets for an event online are typical actions from our daily lives that can be carried out using 

ICTs. Moreover, ICTs create opportunities to improve inclusion, efficiency and innovation. 

The concept of the information society is a contemporary concept. Bell (1973) defined 

the existence of a new information society where information and knowledge were about to 

reshape society, culture and politics. Castells (1996) created the notion of the network society 

to describe a society where information flows spread rapidly among the world population 

and contribute to flattening the traditional vertical hierarchies at a firm. Finally, Friedman 

(2005) makes another crucial contribution to understanding the information society. 

Friedman (2005) considers the information society to be an element of increasing economic 

integration, because of its contribution to exchanging large amounts of information2.  

Defining ICTs and their implications are key in understanding how the information 

society works. It is difficult to define ICTs accurately, because they are continuously 

evolving over time, as are digital innovations. Several international institutions have 

provided definitions for ICTs as technologies and ICT sectors.  

UNESCO defines informatics technology as “the application of informatics in society” 

(UNESCO, 2002: 12–13). Through the incorporation of informatics technology, ICTs consist 

of “the combination of informatics technology with other, related technologies, specifically 

communication technology” (UNESCO, 2002: 12–13). According to the OECD, ICTs “fulfil 

the function of information processing and communication by electronic means, including 

transmission and display” (OECD, 2003: 3–4). In the third edition of the Oslo Manual, 

Eurostat and the OECD (2005) define ICT as including both hardware and software. The 

2 Readers interested in an in-depth review of the different theories of information society are advised to see 
Webster (2014). 
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World Bank presents ICTs as digital technologies: “the Internet, mobile phones, and all the 

other tools to collect, store, analyze, and share information digitally” (World Bank, 2016: 2). 

To sum up, ICTs are technologies with a digital basis that allow information and knowledge 

to be shared and processed. The transmission occurs by electronic means and does not require 

face-to-face communication. 

With regard to ICT sectors, the first sectoral definition was launched by the OECD in 

1998 and complemented in 2002. The ICT sector is the one that “fulfil[s] the function of 

information processing and communication including transmission and display, or use[s] 

electronic processing to detect, measure and/or record physical phenomena or control a 

physical process” (OECD, 2002: 81). For service industries, “the products (services) of a 

candidate industry must be intended to enable the function of information processing and 

communication by electronic means” (OECD, 2002: 81). In this first definition, the role of 

transmission and recording takes a prominent role. 

The following revision, launched in 2007, is the one being currently used. This revision 

brought a narrower definition of ICTs, which can be seen as follows: “The products of a 

candidate manufacturing industry must be intended to primarily fulfil the function of 

electronic information processing and communication (including transmission, recording, 

storage and display)” (OECD, 2009: 31–32) Another important aspect is the incorporation of 

content and media sectors within the category of ICTs. The last classification of products 

concerning the information economy uses the Harmonized System 2007 version. Table 2.1 

shows an overview of ICT sectors. 
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Table 2.1. List of ICT products incorporating NACE Rev. 2 and category description 

NACE Rev. 2 Description 

261–264, 582, 61, 62, 631, 951 ICT total (operational) 

261–264 ICT manufacturing industries (operational) 

261 Manufacture of electronic components and boards 

262 Manufacture of computers and peripheral 

equipment 

263 Manufacture of communication equipment 

264 Manufacture of consumer electronics 

582, 61, 62, 631, 951 ICT service industries 

61 Telecommunications 

582, 62, 631, 951 Computer and related 

Source: Mas et al. (2017). Notes: NACE Rev. 2 refers to the second revision of the “Nomenclature of Economic 

Activities”3.  

There is a basic distinction between manufactured ICT products, included in the first 

six rows, and ICT services, in the last three rows. Manufacturing includes electronic 

components, computers and communication equipment. ICT services are those related to ICT 

and communications.  

According to ITU (2012), there are two reasons for the growing importance of the ICT 

sector in the global economy: an increasing demand for ICT skills by firms and the existence 

of new positions in the ICT sector for skilled employees. Future prospects show how the ICT 

sector continues to be fundamental. For instance, we can find initiatives in the European 

Union such as The Green Economy 2020 Strategy, which focuses on jobs in the ICT sector 

to promote sustainable growth (European Commission, 2012). The Europe 2020 Strategy 

also allocates a prominent role to Smart Cities, where digital technologies will be a 

fundamental asset in providing public services to citizens, among others. At the global level, 

ITU (2014) mentions the adoption of Resolution 200 in Busan during the 2014 meeting, 

which sets the Connect 2020 Agenda, which highlights the importance of information flows 

3 Note: This is a general overview and readers interested in checking the full list of products are advised to see 
the full list at the OECD (2011). 
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and their exchange between countries. In this agenda, ICT will foster sustainable growth, 

development and prosperity. 

As for the different types of ICTs, we distinguish the following types using the criterion 

of the first year with available statistics: Fixed and mobile phone lines were the first ICTs 

with statistics in 19754. In addition to that, other ICTs have been progressively incorporated, 

such as the Internet (1993), fixed broadband (2001) and, more recently, mobile broadband 

(2010).  

The Internet is one of the principal globalization drivers. The importance of this 

technology has been emphasized by prominent authors who refer to the Internet revolution 

as the Internet age (Hill and Hughes, 1998; Leamer and Stolper 2014; Castells, 2015, among 

others). Among other contributions, the Internet has enabled sharing of information, 

increased collaboration among agents, the participation of women in labor markets and the 

engagement of disabled people in communications (World Bank, 2016). Since its origins in 

1970, and especially after the creation of the World Wide Web in 1990, the Internet has 

spread rapidly among populations because of the reduced costs of access to information. 

World Bank data show that the percentage of Internet users was 6.8% in 2000 and increased 

to 45.91% in 2016. 

Phone lines can be fixed or mobile. While fixed phones require large amounts of 

infrastructure and maintenance costs are higher, mobile phones do not need as much 

infrastructure and present lower costs of maintenance. Mobile phones facilitate permanent 

contact, because they can be transported by users and, in contrast to fixed phones, they reduce 

communication costs. In their initial stages, mobile phones just performed the basic functions 

of sending short text messages and making phone calls. The revolution initiated by 

smartphones has introduced sophisticated operational systems to mobile phones, such as 

Android and iOS. Through these novel operational systems, mobile phones have become 

more sophisticated through access to the Internet. Smartphones incorporate, among other 

4 Note that we refer to the first mobile phones, with their only functionalities being phone calls and text 
messages. 
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additional functions, access to personal mail and video calls. As a result of this, mobile phone 

subscriptions have surpassed fixed phone subscriptions across the world: The percentage of 

users for fixed and mobile phones was 15.9% and 12% in 2000, respectively, while the 

percentages changed to 13.57% and 101% in 2016, according to World Bank data. Hence, 

the fixed phone adoption rate had decreased in 2016 compared to 2000, and the adoption rate 

for mobile phones had increased almost tenfold. Fixed phones are becoming obsolete and 

being replaced by mobile phones. These differences in the diffusion of fixed and mobile 

phones are fundamental in analyzing the diffusion of ICTs, as we mentioned in Section 2.3.2. 

The role played by broadband is related to the facilitation of speed and connectivity 

and it is looked upon as the Internet infrastructure. In contrast to access to voice telephony 

and other services, access to broadband is fundamental to measuring ICT performance (ITU, 

2017). In addition to that, we can distinguish between fixed and mobile broadband. Mobile 

broadband refers to access to the Internet through a mobile device. Broadband cellular 

telephone technology has evolved to the current Fourth Generation (4G), which has increased 

the speed of Internet access through mobile phones. The statistics displayed by ITU show a 

decline in fixed broadband subscriptions in 2016 compared to 2005, with 13.6 and 19.1 

percentage points, respectively. In contrast to this, mobile broadband subscriptions in terms 

of percentage points grew from 33.9% to 101.5% during the same period. Hence, the growth 

in broadband is similar to that of phone lines: Mobile-broadband growth has been similar to 

mobile-cellular subscriptions, but with lower levels and a time lag (ITU, 2017). 

Reports issued by international organizations and academic publications have 

traditionally studied the aforementioned traditional types of ICTs. The spreading of ICTs 

among populations can be measured in the number of inhabitants or in the percentage of 

subscriptions. International organizations and the academic literature tend to use the 

percentage of subscriptions to measure ICT, given that the percentage presents lower 

variability and incorporates the differences in country size. The percentage of subscriptions 

reflects the number of people benefiting from ICTs (James and Versteeg, 2007). 

According to ITU (2014), the evolution of the information society demands a 

continuous upgrading of definitions and indicators related to ICTs. Bower and Christensen 
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(1995) define the concept of disruptive technologies, a fierce competition between ICTs 

consisting of new ICTs progressively replacing previous former ICTs. The continuous and 

disruptive changes in ICTs make the appearance of other types of ICTs possible. To complete 

the previous definitions of ICT and taking into account the near future, we can currently find 

four emerging ICTs: the Internet of Things (IoT), Big Data Analytics, cloud computing and 

artificial intelligence. According to ITU (2017), these emerging ICTs, combined with 

advances in ICT, are considered pillars in achieving development and growth. It is important 

to emphasize that these ICTs are not, and will not be, the only development in the field of 

ICTs. Technological advances are the driving forces of the current New Globalization 

(Baldwin, 2016) and, in addition to that, emerging ICTs such as IoT and artificial intelligence 

are among the origins of the Fourth Industrial Revolution (Schwab, 2016).  

Big Data is related to the efficient management of large amounts of data. In the context 

of large amounts of data, traditional software can neither manage these data nor use the data 

for strategic purposes like improving the welfare of populations or increasing firms’ 

performance, among others. Big Data Analytics has emerged as a powerful alternative to 

mitigate this concern by enabling large amounts of information to be managed, characterized 

by velocity, variety and volume of data as the main attributes (Brynjolfsson and McAfee, 

2014: 27). In addition to that, these large amounts of data are accessible in real time and 

improve the decisions in fundamental areas like economic productivity (Hilbert, 2016). 

Hence, Big Data Analytics is a fundamental tool in the current information society. 

The Internet of Things (IoT) is also related to Big Data. ITU (2005) defined IoT as 

allowing daily objects to be connected to large amounts of data, where identification through 

sensor technologies benefits the collection of data. In turn, Radio-Frequency Identification 

(RFiD) serves to identify the items to be connected. In addition to that, ITU (2005) identifies 

nanotechnologies as smaller items interacting with, and being connected to, networks. 

Identification through RFiD is a first stage and the connection of items leads to IoT. 

Applications of IoT include ambient intelligence, implications derived from the Fourth 
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Industrial Revolution, such as Agriculture 4.0 and Industry 4.0, and “smart” technologies 

(ITU, 2017). 

Cloud computing is defined as “a technical solution to deploy computing resources 

such as data processing, storage and analysis in a flexible way that is accessible from any 

device and any location” (ITU, 2017: 102). Instead of having to install a digital application 

to perform a specific task, such as watching films or contacting people, the user can access 

the applications through the cloud located in a central server. The case of Amazon is a good 

example, where apart from product offers, the users can watch films or contact sellers. 

Although cloud computing boasts efficiency and a reduction of costs as its main advantages, 

the main disadvantage is the need for high levels of infrastructure and networks, given that 

the cost of implementation may be higher (ITU, 2017).  

Artificial intelligence (AI) denotes intelligence skills developed by machines. AI is 

“the study of agents that receive percepts from the environment and perform actions” (Russell 

and Norvig, 2010: 7). It comprises two dimensions, human and rationality, with the latter 

being considered the ideal way to act as a machine. These dimensions originate four 

dimensions of study: thinking humanly, acting humanly, thinking rationally and acting 

rationally. The topic of AI is not particularly new because the notion of acting rationally was 

mentioned by Greek philosophers when articulating the fundaments of the philosophy of 

logic and, moving to economics, advances in game theory during the second half of the 

twentieth century have highlighted rationality as the guidance in selecting game strategies. 

However, in the current wave of globalization, technology is evolving rapidly and machines 

are assuming routine tasks usually performed by humans, such as cleaning and cooking, 

among others. It is expected that machines and robots will progressively assume tasks 

performed by humans with consequences in terms of job reallocations.  

It is essential to distinguish two aspects concerning these emerging ICTs. First, we need 

to think about them jointly, rather than separately, to achieve adequate synergy. The second 

and most important aspect refers to the future: They represent fundamental changes in the 

information society in terms of jobs and social relationships, a fact that affects a wide range 

of social sciences, including economics, psychology and sociology. The reality is 
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continuously changing and the social sciences need to redefine their motivations, not only to 

study these recent pillars related to ICT, but other new developments that will appear in the 

near future. 

To conclude, in this section we have defined and delimited ICTs, with a special 

emphasis on the ICT sector and the traditional ways of measuring ICTs. It is important to 

note that ICTs are a dynamic concept that are continuously changing and new types of ICTs 

will replace those considered obsolete. In the following sections, we move to specific issues 

to highlight which characteristics of ICTs can potentially affect trade. 

2.2. The theory of technology diffusion 

Once we have delimited the concept and scope of ICTs, we shed light on the characteristics 

of ICTs that cause differences in the levels of digitalization between countries. In the context 

of this dissertation, these differences are expected to affect trade. The theory of ICT diffusion 

explains the process of adoption since a new technology is created and the population 

progressively adopts it. Given that this process is not uniform between countries, the theory 

of ICT diffusion provides possible explanations for why ICT use among populations differs 

between countries.  

We organize this section as follows: First, we consider the forerunner contributions of 

technology diffusion. Second, we consider critical mass models, consisting in the diffusion 

of technology having reached a number of adopters being catalogued as sustainable. Third, 

we explain the concept of technological convergence, where leaders adopt technology 

lowering the cost of adoption and followers use this opportunity to adopt technologies later 

but at a lower cost. Fourth, we cover the models of technological substitution, where a new 

technology replaces an existing old one in a relatively small period of time5. 

5 Readers interested in a more detailed description of technology diffusion models are advised to see Lechman 
(2015). 
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We begin by considering the forerunners of technology diffusion: The first applications 

of technology diffusion theory in economics were performed in the first half of the twentieth 

century. The contributions made by Schumpeter (1934, 1947) are the seminal ones: New 

technologies contribute to technology diffusion, the last in the invention-innovation-diffusion 

trilogy. In this trilogy, the diffusion process follows a linear process for each stage. The 

invention-innovation phase generates the technology to be adopted by the leaders, while in 

the diffusion phase the imitators adopt the technology generated in the previous phase. The 

main criticism of this novel approach to technology diffusion is the planarity happening 

during sequential phases and how little attention is paid to the diffusion phase (Silverberg, 

1990; Sarkar, 1998).  

Along with these early contributions by Schumpeter, other authors are considered 

seminal studies of technology diffusion. We distinguish two types of theoretical models 

explaining the roots of technology diffusion: The first set of theoretical models is directly 

related to ICT diffusion increasing with the number of users. This framework is known as 

epidemic models. The second set of models consider a wide range of supply and demand 

factors as being potentially explanatory for ICT diffusion, such as the type of technology, the 

users and the transmission channel (Karshenas and Stoneman, 1995). 

Epidemic models are based on the contributions of Griliches (1957) and Mansfield 

(1968). Focusing on the case of hybrid corn in the United States, Griliches (1957) finds that 

technology spreads like a disease. For Griliches (1957), technological change, where 

technology follows an S-shaped curve, has contributed to explaining spatial and time 

differences. Mansfield (1968) defines epidemic models where the framework is similar to an 

epidemic: An initial number of adopters “spread the disease” to other users, who learn to use 

the new technology. This process can be repeated over time with an increasing spreading 

speed until there are a sufficient number of users of the new technology to reach a critical 

mass. 

The following theory is based on the study of specific factors related to the diffusion 

of technology. Rosenberg (1982) defines its existence as a supply-side factor, where firms 
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can learn from the users of a new technology, detect the problems with the technology and 

solve them. This learning process allows firms to solve problems arising with the new 

technology. Karshenas and Stoneman (1993) introduce the interaction of supply and demand 

factors to determine technology diffusion. While the demand side refers to sociocultural 

characteristics of the population that motivate the demand for a specific technology, the 

supply side refers to those factors inherent to firms and industry. In their work, Karshenas 

and Stoneman (1993) believe that the previous models of technology diffusion are only based 

on demand factors and introduce the interaction between the demand and supply factors, in 

line with Rosenberg (1982).  

The work of Rogers (2003) constitutes the next seminal contribution. This approach 

breaks with the planarity of the Schumpeterian approach and develops a diffusion theory of 

innovations as an “innovation-decision” period, where five stages happen during the process: 

“knowledge,” “persuasion,” “decision,” “implementation” and “confirmation” (Rogers, 

2003: 21–24). This process of diffusion draws a S-normal-curve and five types of users are 

listed according to the moment of adopting the new technology: “innovators,” “early 

adopters,” “late majority,” “early majority” and “laggards” (Rogers, 2003: 22). Rogers 

(2003) presents a modern approach to explaining technology diffusion and can be considered 

one of the most important theoretical contributions. 

In the framework of our dissertation, the diffusion theory helps us to understand that 

ICT diffusion is the result of the interaction of many supply and demand factors that differ 

between countries, which leads us to expect differences in digitalization levels. These 

differences in digitalization development levels between countries are expected to impact 

trade.  
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2.3. The diffusion of ICTs: dynamics and disparities 

In this section, we study the specific case of ICT diffusion and explain how the diffusion of 

ICT presents differences between countries, because these differences affect trade. As 

previously mentioned, Rogers (2003) believes that technology diffusion follows a pattern 

that shows an S-shaped curve, thereby showing a certain resemblance with the theory of the 

product life cycle proposed by Vernon (1966). In this framework, growth rates are very high 

at the beginning and become slower when the technology reaches the maturity and final 

decay phases. 

As we pointed out in the previous section, there has been an unprecedented growth in 

the adoption of ICTs due to the globalization process. However, the diffusion has not been 

symmetrical and there exists a variation between countries and across technologies (Comin 

and Hobijn, 2010). In line with the Rogers (2003) theory of technology diffusion, ICTs 

present an S-shaped curve (Comin and Hobjin, 2004; Comin et al., 2006; Andrés et al., 2010). 

Figure 2.1 shows the diffusion curve for the Internet during the period 1991–2014. 
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Figure 2.1. S-shaped Internet diffusion curve 1991–2014. Source: own elaboration from 

Meijers (2014) with World Bank data6.  

We can see in Figure 2.1 how the diffusion of the Internet presents an S-shaped curve 

and this is consistent with different levels of digitalization threshold. This S-curve is in line 

with the technology diffusion framework proposed by Rogers (2003) mentioned in Section 

1.2. As we have demonstrated for the Internet, the diffusion of ICT is not uniform across 

countries and presents dissimilar growth rates over time. Karshenas and Stoneman (1993) 

confer key relevance on the interaction between supply and demand factors. In supply we 

include factors such as knowledge, institutions and infrastructure (Comin and Mestieri, 

2014). The demand side includes factors related to the role of R&D, which motivate that 

firms acquire new technologies to increase the efficiency of the production process. The 

supply and demand factors are unequal across countries, and their frictions originate 

differences in the adoption of ICTs over the business cycle (Comin and Gertler, 2006). 

6 Note: For each year, we have computed the number of countries that exceed the thresholds of 0%, 5%, 25%, 
50% and 75%, respectively, in terms of percentage of Internet users. Regional aggregates have been removed 
from the list. 
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2.3.1. Differences in ICT diffusion between countries 

As previously mentioned, differences in the digitalization levels between countries are a 

consequence of the asymmetries in ICT diffusion. In this section, we address the importance 

of capturing digitalization disparities between countries, for which income is a fundamental 

indicator. Rooted in the theory of technology diffusion, we consider the existence of supply 

and demand-related factors (Karshenas and Stoneman, 1993) that differ between countries to 

shed light on the effect of ICTs on trade. We follow Ruttan and Thirtle (1987) in describing 

supply and demand: Supply considers technical change as a reaction to further developments 

in both culture and knowledge; demand is a reaction to an increasing product demand or 

variations in relative factor prices. 

Following this supply and demand approach, we refer to the main drivers of technology 

adoption for countries, in line with Comin and Mestieri (2014). On the one hand, we consider 

knowledge, institutions and infrastructure7 as supply factors. On the other hand, we describe 

the demand, paying special attention to the role of R&D expenditures.  

Knowledge refers to the cost of finding the most appropriate technology to produce a 

specific good or service (Comin and Mestieri, 2014). More specifically, knowledge refers to 

human capital, the degree of formal knowledge assimilated by people, which is the main 

factor in explaining knowledge (Nelson and Phelps, 1966; Comin and Mestieri, 2014). In 

fact, populations with greater levels of human capital decrease the cost of firms adopting the 

new technology and increase knowledge. A better education improves the skills of 

understanding and decoding information, and human capital determines the gap between total 

factor productivity and the technological frontier (Nelson and Phelps, 1966; Comin and 

Mestieri, 2014). Better levels of education contribute to reducing the distance between 

countries and the global technology frontier, as well as to increasing economic growth 

(Aghion and Howitt, 2006; Aghion et al., 2009). Through the acquisition of human capital, 

7 In relation to the initial classification of Comin and Mestieri (2014), we have intentionally included 
infrastructure due to the explanation of different trajectories for types of ICTs, because the degree of 
infrastructure is a key factor. 
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firms and individuals can improve their process of learning technology, spread the adoption 

of technology and hence contribute to disseminating knowledge. 

In addition to knowledge, institutions are another important supply-side determinant in 

explaining differences in technology diffusion between countries8, because they can promote 

policies to increase competition in the telecommunications market9. When competition 

increases, firms compete to decrease the prices of ICTs, and the cost of adopting technology 

reduces. According to Acemoglu and Robinson (2012), institutions can be inclusive or 

extractive. Inclusive institutions promote human capital and growth, while extractive 

institutions just extract income from the population to benefit elites. Accordingly, inclusive 

institutions promote competition in the telecommunications market, while extractive 

institutions promote monopolies and increase the cost of adopting technology. Contracting 

institutions coordinate the relationship between firms and suppliers and can explain firms’ 

technology choices (Acemoglu et al., 2005). The formal rules set by institutions are 

fundamental to determining regulatory quality, given that higher regulatory quality increases 

competition in the telecommunications market (Wallsten, 2005). Therefore, institutions are 

fundamental to explaining technology diffusion (Andrés et al., 2015). 

Infrastructure is another important supply-side factor in explaining technology 

diffusion. An adequate degree of infrastructure contributes to increasing the adoption of ICTs 

because it can be reached by more households and individuals, especially those located in 

isolated areas. Fourie (2006) identifies three levels of infrastructure: local, national and 

transnational. He defines economic infrastructure as an element that promotes economic 

activity, such as roads, highways, railroads, airports, sea ports, electricity, 

telecommunications, water supply and sanitation (Fourie, 2006: 531). An adequate degree 

of ICT infrastructure increases both productivity and value added, reducing disparities 

between countries in terms of digitalization. Portugal-Perez and Wilson (2012) identify a 

8 There is a positive relationship between Internet use and governance indicators, as shown in Table 2A1 in 
the Annex. 
9 North (1991) provided a general definition of institutions as “both informal constraints and formal rules that 

structure political, economic and social interactions.” 
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hard dimension of ICT infrastructure entailing tangible elements, such as logistics10. This 

tangible dimension is fundamental, especially for those ICTs, such as the Internet and 

broadband, requiring more infrastructure than other types of ICTs to develop.  

In addition to supply, demand is the other driving determinant in explaining ICT 

diffusion. The demand plays a prominent role, given that it reduces the sunk costs related to 

the adoption of technology (Comin and Mestieri, 2014). Stoneman and Ireland (1983) define 

a theoretical framework where firms demand a new technology and are willing to incur a 

market price. To explain the demand for new technology, R&D expenditures are fundamental 

because they make firms’ production processes more efficient: The greater the R&D, the 

higher the firms’ demand for a new technology is expected to be. When firms require a new 

technology, we remember the importance of time in explaining this process, since firms need 

to accommodate the new technology in their production processes (Helpman and 

Trajtenberg, 1998a; Comin and Gertler, 2006). The demand framework is very important in 

analyzing the effects of ICTs on trade, given that the introduction of new technologies forces 

firms to increase their investments in innovation and this rising innovation may benefit trade. 

In Chapter 4, we explore how innovation affects trade in the light of the effects of ICTs on 

trade. 

The interaction between supply and demand-related factors of technology diffusion 

implies that digitalization levels will differ at the country level. Given that income captures 

an important degree of digitalization differences (Chinn and Fairlie, 2007; Billon et al., 

2010), this results in differences at development levels between countries. These differences 

in digitalization originate a digital divide between countries, where income is one of the main 

explanatory factors (Chinn and Fairlie, 2007).  

Focusing on the potential effects of ICTs on trade, we consider three supply factors 

potentially contributing to explaining the existence of disparities in ICT adoption and 

10 Portugal-Perez and Wilson (2012) also distinguish a soft dimension composed of intangible aspects such as 
institutions or business environments. Given that we have treated this intangible element at institutions, we 
focus on the tangible component. 
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therefore ICT diffusion: knowledge, institutions and infrastructure. We also consider the 

demand side, with special emphasis on the role played by R&D. 

To conclude, we have addressed the existence of supply and demand factors that 

contribute to the adoption of ICTs. However, these factors differ between countries and result 

in differences in the diffusion of ICT. Income is the main variable used to capture the 

differences in ICT diffusion. Given the existence of these differences in ICT diffusion, it may 

be unrealistic to assume similar effects of ICTs on trade. As a result of this, it is necessary to 

take into account the different characteristics of different types of countries according to their 

economic development levels to understand how technology use may impact on trade. In 

Chapter 6, we study the effects of ICTs on trade segmenting by income levels, to consider 

the existence of disparities between countries in the diffusion of ICTs. 

2.3.2. Differences in ICT diffusion by types of ICTs 

In this section, we analyze the differences in ICT diffusion by types of ICTs. Differences in 

the diffusion trajectories of ICTs are related to differences in levels of development (Dewan 

et al., 2005). These disparities in diffusion are expected to have unequal impacts on trade.  

Evidence exists on how the diffusion patterns are different for different technologies 

(Karshenas and Stoneman, 1995; Rogers, 2003) and some ICTs present levels of adoption 

much closer to saturation than others (Arendt, 2008). Hence, the diffusion of ICTs is not only 

asymmetric by levels of development, but also by types of ICTs. Table 2.2 provides evidence 

on the differences in digitalization by income and by types of ICTs. 
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Table 2.2. Cumulative growth rates of Internet, mobile phone and fixed telephone 

subscriptions during the period 1990–2014 (measured as percentages) 

Type of ICT World High-income 
Low- and middle- 

income 

Internet 32.25% 27.92% 48.56% 

Mobile Phones 29.09% 21.74% 48.13% 

Fixed Telephones 1.83% 0.09% 6.10% 
Source: own elaboration using World Bank data. For the case of the percentage of low- and middle-income 

percentage of Internet users, we have only computed the period 1994–2014 due to the existence of zeros.  

We can see in Table 2.2 how the Internet registered the highest growth rate in the world 

during the period 1990–2014 with an increase of 32%. Mobile phones were very close with 

29% and fixed telephones experienced a sharp decline, with an increase of only 1.83%. 

Segmenting by income levels shows important differences in the diffusion process by types 

of ICTs: The growth of ICTs was higher for low- and middle-income countries. Although 

digitalization levels are greater in high-income countries, low- and middle-income countries 

experience higher growth rates, allowing them to initiate a catch-up process. Fixed 

telephones are being progressively substituted due to the unprecedented growth of mobile 

phone subscriptions. 

The reasons for this difference in the diffusion by types of ICT are mainly geographical: 

Mobile phones have spread in rural areas in developing countries, which have improved 

connectivity (ITU, 2017). Figure 2.2 shows the mobile phone gap between high-, and low- 

and middle-income countries. 



Chapter 2: Information and Communication Technologies: Conceptual framework 

©Ernesto Rodríguez Crespo Page 71 of 342

Figure 2.2. Mobile phone subscriptions gap between high-, and low- and middle-income 

countries, 1990–2014, in percentage. Source: own elaboration from ITU-World Bank data11. 

Figure 2.2 shows how the gap between high-, and low- and middle-income countries 

has been decreasing since 2008, in contrast with other types of ICTs (see Figures 2A1 and 

2A2 in the Appendix), which have experienced an increasing gap. The case of mobile phones 

is a particular one, and we treat it in subsequent paragraphs. 

The diffusion of mobile phones can be segmented by geographical locations, and 

African countries are one of the most remarkable examples of the diffusion of this 

technology. The reasons for this are related to differences in infrastructure, because landlines 

require the installation of wires and their cost can be prohibitive for households (James, 

2016). Low- and middle-income countries, especially in rural areas, present important 

infrastructure endowment problems, and this affects the diffusion of ICTs negatively. Mobile 

phones have contributed to mitigating these infrastructure endowments and to reducing the 

gap between high-, and low- and middle-income countries. In the paradigm of leaders and 

11 Note: The gap is computed as the difference between mobile phone subscriptions in high-, and low- and 
middle-income countries. 
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followers described by Barro and Sala-i-Martin (1997), mobile phones have helped followers 

to grow faster than leaders and hence in achieving convergence. 

It is important to emphasize that ICT diffusion is measured in terms of usage, which is 

subject to criticism. James and Versteeg (2007) recognize the unprecedented growth of 

mobile phone subscriptions in Africa, but note that usage data simply indicate the number of 

people benefiting from ICT, but that how they benefit is not measured. 

To sum up, the diffusion of ICTs occurs not only by levels of development, but also by 

types of ICTs. As a consequence, the diffusion curves are not equal by types of ICTs. These 

differences in diffusion are expected to present unequal effects on trade, so it is relevant to 

study the effect of ICTs on trade separately by types of ICTs. Thus, the study of the diffusion 

curve for a single ICT is not enough to understand the effect of ICTs. It is necessary to follow 

a holistic approach to study the diffusion of ICTs: Different diffusion trajectories originate 

different economic impacts. In Chapter 7 we study the effect of different types of ICT on 

trade. We consider heterogeneous types of technologies, such as the Internet, mobile phones 

and broadband. 

2.3.3. Differences in ICT diffusion by regions 

Previous sections have addressed the diffusion of ICTs at a country level and by types of 

ICTs, comparing the diffusion of ICTs between countries but not within countries. In this 

section, we analyze how the diffusion of ICTs changes at a regional level, given that 

information flows are more intense between firms clustered in specific areas within countries. 

We expect this greater intensity of information flows to affect trade. 

Agglomeration is a pivotal element in understanding firm dynamics at a regional level. 

The New Globalization is characterized by the international dispersion of production, but 

firms still tend to concentrate on small regional clusters in specific areas (Baldwin, 2016). 

The concentration of firms in specific places is explained by the need to exchange ideas 

(Leamer and Storper, 2014). Hence, clustering to share knowledge flows is still relevant in 

determining firms’ performance and distance is still significant. In this context, the topic of 
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knowledge milieu arises: Knowledge is transmitted with a higher speed and defeats 

hierarchies (Philippopoulos, 2016). 

Understanding space is fundamental to explaining the diffusion of knowledge at a local 

level. New Economic Geography emphasized the relevance of space in determining the 

location of economic activities. Although Krugman (1991) states that knowledge flows are 

invisible and their effects cannot easily be quantified, evidence shows that both the local and 

the regional dimensions are fundamental to studying the effect of knowledge flows. The 

traditional macroeconomic approach does not capture specific microeconomic elements 

related to ICT adoption and firms’ performance: organizational flexibility, innovative 

capacity and entrepreneurship (Capello and Spairani, 2004). Space thus emerges as a key 

element beyond geography and incorporates specific know-how and knowledge flows 

(Capello and Spairani, 2004).  

In addition, firms’ absorptive capacities at the local level determine the total absorptive 

capacity of aggregate areas: This is the key to studying the effect of knowledge and 

information flows on crucial topics such as productivity and competitive advantages 

(Miguelez and Moreno, 2015). Consequently, the behavior of firms at the local level 

determines the total behavior in aggregate areas, so it is fundamental to understanding firms’ 

behavior regarding information flows at a local level because the exchange of information 

flows becomes more intense. 

By considering how the diffusion of knowledge presents a localization pattern in space 

(Hippel, 1994), proximity between firms at a microeconomic level allows knowledge 

spillovers to be created and to become agglomeration forces. These networks are fundamental 

to achieving the diffusion of knowledge and ideas (Katz and Martin, 1997). At the local level, 

firms create a learning-based agglomeration force through the generation, diffusion and 

accumulation of knowledge flows through proximity improving the diffusion of knowledge 

(Duranton and Puga, 2005). Knowledge flows are fundamental to understanding regional 

development (Karlsson and Johansson, 2006; Karlsson et al., 2010).  
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The role of information flows is fundamental to studying the diffusion of knowledge at 

a local level. When firms allow information flows to be exchanged, centrifugal forces 

decrease and firms cluster in a specific place (Fujita and Thisse, 2004). ICTs affect different 

costs at the local level: They reduce transaction costs due to reductions in spatial information 

frictions (Sichel, 1997; Flamm, 1999; Karlsson et al., 2010). Information flows also change 

urban structure, lowering the cost of communication and increasing the incentives for firms 

to move to smaller urban centers (Ioannides et al., 2008). Information flows may lower fixed 

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

information flows favor the diffusion of knowledge at a local level and this results in lower 

transaction and communication costs. The diffusion of ICTs at a local level is fundamental: 

There exists a spatial pattern of ICT diffusion, where the diffusion in a region depends on the 

diffusion in the neighboring regions (Billon et al., 2009). Hence, it is of fundamental 

importance to understand the diffusion of ICTs at a local level not only to lower transaction 

costs in a certain region, but also to benefit from technology spillovers from other closer 

regions. 

The case of Europe is an important one in studying the diffusion of ICTs at a local level 

and several arguments support this evidence. Agglomeration forces are very intense in the 

European Union (Ciccone, 2002; Combes and Overman, 2004) and the higher population 

density facilitates the circulation of knowledge (Crescenzi et al., 2007). There also exists a 

regional digital divide in the European Union, which originates a digital divide not only 

among member states, but within them (Vicente and Lopez, 2011). We can find policy issues 

in Europe where ICTs are fundamental: ICTs are the key to designing Smart Cities, 

increasing both efficiency and quality of life (European Commission, 2013). ICTs are also 

of fundamental importance for the future redesigning of the Cohesion Policy, to promote 

equality across regions (European Commission, 2014). Apart from that, ICT infrastructure is 

key to achieving an efficient logistics supply chain pursuing the creation of a Trans-European 

Transport Network: The current projects EGNOS, GALILEO and QUANTIS seek to develop 

efficient transport systems through the implementation of ICTs.  
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Although the study of the effect of ICTs on trade in areas with higher disaggregation 

than the country level is totally desirable because of the higher speed of knowledge diffusion 

through milieus, where firms exchange knowledge at a higher speed, there is a major problem 

to overcome: the scarce regional and local data. Although different official institutions 

elaborate statistics for regions and cities, the availability is limited in comparison with 

countries. 

In conclusion, there exist differences in the diffusion of knowledge flows at a local 

level. As firms tend to locate closer to share knowledge, there are knowledge spillovers. 

Information flows favor knowledge flows at a regional and local level and this affects trade 

positively, as firms use this agglomeration to trade. The particular context of Europe makes 

this topic particularly relevant, but the lack of trade data makes it difficult to analyze. In 

Chapter 8 we investigate ICT effects on European regional trade.  

2.4. The effects of ICTs 

In this section, we study the most important effects of ICTs at a microeconomic and 

macroeconomic level. The relevance of the effects of ICT is associated with the fact that 

ICTs are general purpose technologies (GPTs).  

According to Bresnahan and Trajtenberg (1995), technologies should present the 

following three characteristics to potentially be considered GPTs: first, pervasiveness in the 

sense of the GPTs spreading to multiple sectors; secondly, improvement, because the GPTs 

may increase their efficiency over time while decreasing the costs of usage; and thirdly and 

finally, innovation spawning, because the GPTs should facilitate the creation of new 

products. Some technologies can fulfil one of the characteristics but cannot be considered 

GPTs. However, we can find many examples that can be catalogued as GPTs: Bresnahan and 

Trajtenberg (1995) mention electricity, computers and the Internet as prominent examples. 
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Among all the examples to be potentially considered as GPTs, we are particularly 

interested in ICTs that present the three characteristics pointed out by Bresnahan and 

Trajtenberg (1995). In addition, Bresnahan and Trajtenberg (1995) mention how most GPTs 

can also be considered enabling technologies because they open new opportunities for future 

redevelopments instead of a definitive solution. As we explained in Section 2.1, ICTs are 

continuously changing and have prominent economic and social impacts. These changes 

require the dimension of time to study the potential benefits of using GPTs (Helpman and 

Trajtenberg, 1998b). 

We are interested in those characteristics of ICTs that potentially influence 

international trade. ICTs incorporate knowledge flows and reduce drastically many costs 

related to firms’ performance, such as transaction and organizational costs, among others. 

Due to the reduction of these costs, firms can experience productivity increases and higher 

productivity gains influence trade flows.  

In this section, we explain how ICT affects productivity, paying special attention to the 

reduction of organizational costs. The impact of ICT on firms can happen through different 

channels and these effects may have implications for the internationalization of firms and 

their exporting capacity. Among all the impacts and transformations that ICTs originate in 

firms, we are particularly interested in two because of their relevance to the increase of firms’ 

exporting capacity: the impacts on productivity and the organization of production. 

First, we define the Solow paradox, which is related to an inexistent initial effect of 

ICTs on productivity. We follow two traditional approaches: The first is related to how ICT 

investment, as a factor of production, affects growth at a macroeconomic level, known as the 

“growth accounting approach”; in the second one, we study how changes in productivity may 

happen due to ICT use. Although both approaches present different shortcomings, they are 

the two fundamental channels in studying the effects of ICTs on productivity: investment and 

usage. 

We begin with the definition of productivity and the debate originated by the modern 

Solow productivity paradox, consisting of an inexistent initial effect of ICTs on productivity. 
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This section is a preliminary stage prior to studying the impacts of ICTs on productivity, 

because it defines productivity and the debate originated by the Solow paradox. The 

international diffusion of technology determines productivity and hence the high degree of 

income variations across countries (Keller, 2010). Productivity is a fundamental channel in 

explaining the effects of ICTs on trade, given that the most recent trade theory states that the 

most productive firms, who are in the minority, are the only ones exporting (Melitz, 2003). 

Hence, the first stage is to define productivity: Productivity (P) measures the 

relationship between the output and total inputs incurred in achieving the output goals 

(Griliches, 1987). Productivity is very similar to the concept of efficiency12. Productivity has 

been traditionally measured as the average product of labor (APL). Equation 1 shows the 

measure of productivity: 

𝑃 (𝐴𝑃𝐿) =  
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐹𝑎𝑐𝑡𝑜𝑟𝑠 𝑢𝑠𝑒𝑑
=  

𝑌

𝐿
 (1) 

We can see how P (APL) takes a ratio structure: P only increases through the total 

amount of production Y increasing or the factors used lowering, denoted as L. This second 

alternative leads to a reduction in labor costs. Since 1970, there has been a considerable 

spread of ICT across organizations (Autor et al., 2002) and this implies several changes in 

the organization of labor at firms.  

ICTs are theoretically considered to raise production, but considering ICTs as GPTs 

implies that the benefits from using the new technologies are not immediate: We can find 

two phases in the diffusion of GPTs – time to sow and time to reap (Helpman and Trajtenberg, 

1998b: 85). While the first phase refers to negative productivity growth rates, in the second 

phase the growth rates are positive because complementary inputs for the new technology 

have been developed. Solow (1987) mentioned that the introduction of ICTs was not reflected 

in firms’ productivity statistics when looking at the data. This is known as the Solow paradox 

and constitutes a critical statement in relation to the introduction of new technologies. David 

12 Efficiency is related to the fact that firms produce close to their production frontier (Milana and Zeli, 2002). 
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(1990) carried out a review of the introduction of new technologies during modern history 

and did not find the productivity paradox to be new: There are diffusion lags between the 

productivity movements and the application of new technologies. Hence, according to David 

(1990), the benefits from using a new technology are not immediate. 

Another important debate concerning the introduction of ICTs is not only whether 

statistics corroborate ICT usage, but how ICTs can influence organizational changes. One of 

these changes is the way in which technology is introduced to increase productivity at 

organizations. However, technology does not affect the whole organizational structure 

symmetrically (Violante, 2008), and in addition a skill-biased technological change can be 

registered13. ICTs influence the method of producing, and induce organizational changes 

(Autor et al., 1998). Due to the introduction of ICTs and the rapid productivity increase, 

technological changes are known as the technological discontinuity paradigm (Brynjolfsson 

and McAfee, 2011). Strongly linked to productivity, ICT has been shown to promote 

efficiency across firms (Acemoglu and Autor, 2010; Autor and Dorn, 2013). The current 

debate is divided into two points of view: Some authors hold how data anticipate the end of 

the Solow paradox (Billón et al., 2007), but other authors point to the return of the Solow 

paradox because the increase in productivity induced by ICTs is related to unemployment, 

which mostly affects unskilled workers (Acemoglu et al., 2014).  

In addition, the automatization of jobs due to ICTs and, more specifically, to artificial 

intelligence will affect the future of jobs at organizations. Robots can execute tasks, thereby 

incurring lower costs than humans. Brynjolfsson and McAfee (2014) have defined The 

Second Machine Age due to the introduction of ICTs and subsequent mechanization of jobs. 

Robots can replace humans, but not in all tasks: Routinized tasks carried out by low-skilled 

workers are the ones that are most likely to be executed by robots (Autor, 2015; Arntz et al., 

2016). 

13 In the corresponding section of the New Palgrave Dictionary of Economics, Violante (2008) defines skill-
biased technological change as a shift in the production function that favors skilled workers over unskilled 
workers by increasing its relative productivity. 
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To sum up, we find that ICTs impact different firms’ scopes, including productivity. 

Through these impacts, ICTs have an indirect effect on firms’ exporting capacity. As we will 

mention in Chapter 3, new-new trade theory emphasizes the importance of firms and 

differences in productivity in explaining trade patterns. 

2.4.1. Changes in productivity due to ICT investment 

According to the OECD (2007: 154), ICT investment is the acquisition of equipment and 

computer software that is used in production for more than one year. The OECD (2007) also 

distinguishes three components in ICT infrastructure: the first is information technology 

equipment, which covers computers and related hardware; the second is communications 

equipment, which includes telephones, among other things; and the third is software, which 

is related to nonphysical devices: programs for data processing and algorithms, among others. 

Firms invest in ICT to achieve significant reductions in operating costs and to increase 

benefits. Investing in ICTs can be considered a direct effect of ICTs on productivity, because 

it reflects how the traditional factors of production are being substituted by capital-intensive 

ones (Billón et al., 2007). Following a growth accounting approach, the effect of ICT on 

firms’ productivity can be explained through a growth production function introducing ICT 

as an additional factor of production. Equation 2 shows the basic Cobb-Douglas-type growth 

production function.  

𝑌 = 𝐴𝐾𝛼𝐿1−𝛼  (2) 

where K and L denote capital and labor, respectively and 𝛼, which ranges between 0 

and 1, refers to the allocation of each factor of production. In line with Solow’s (1956) growth 

model, A represents the total factor productivity, also called the “Solow residual” 

(henceforth, TFP, 𝑇𝐹𝑃 ≡ 𝐴 = 𝑌 𝐾𝛼𝐿1−𝛼⁄ ). TFP is linked to firms’ technological progress

and can be improved over time (Barro and Sala-i-Martin, 2012). As previously mentioned, 

productivity is the total amount of production divided by the quantity of factors used, capital 

and labor, to produce. Maximizing productivity implies producing more output using fewer 
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factors. Several authors have demonstrated that ICT investment may explain the growth in 

labor productivity in an aggregate framework for the US (Jorgenson and Stiroh, 1999; 

Jorgenson, 2001; Gordon, 2003; Jorgenson et al., 2008, among others) and also in other 

developed countries (Niebel, 2018). All these studies show a positive contribution of ICT 

investment to aggregate productivity growth. 

Although this aggregate macroeconomic approach shows a positive contribution of 

ICTs to total factor productivity, it is subject to different critiques. A lack of reality14 is one 

of the major criticisms, because it is ignoring the internal firms side. Firms are the 

representative agents who control and distribute the investment in ICT. Brynjolfsson and Hitt 

(1998, 2003) point out that it is important to know what happens at the firm level in order to 

explain the effect of ICT investment on productivity. Hence, disentangling firm knowledge 

allows productivity differentials to be studied in terms of size or sector, among others. 

Using firm- and plant-level data allows us to evaluate whether investment in ICTs 

increases firms’ productivity or not. Accordingly, other authors have demonstrated the 

existence of a positive relationship between ICT investment and productivity, but using firm-

level data (Hitt and Brynjolfsson, 1996; Menon et al., 200015). 

2.4.2. Changes in productivity due to ICT use 

While ICT investment reflects the total value of investing in ICTs, the usage variables help 

in understanding how firms use ICT in their organizational structure (Biagi, 2013).  

ICT usage impacts productivity. The most important change is the segmentation 

between two types of workers: skilled, who know how to use ICTs, and unskilled, who have 

no knowledge about ICTs (Entorf and Kramarz, 1998; Billón et al., 2007). The salaries 

received by skilled workers are higher than those for unskilled workers. Hence, the division 

of workers due to the introduction of ICTs is similar to that for white- and blue-collar 

14 Readers interested in looking at all the reasons are advised to read Biagi (2013). 
15 Readers interested in a complete literature review are advised to see Billón et al. (2007). 
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workers. In addition, ICT usage improves the knowledge of skilled workers due to the 

reduction of temporal and spatial barriers between skilled workers (Hendriks, 1999). As a 

result of this, the information and communication flows between workers increase and firms 

gain efficiency.  

In addition to the direct effect of ICTs, we can find indirect effects related to the 

improvement of production and information systems (Billón et al., 2007). Indirect impacts 

arise due to considering ICTs as GPTs and mainly affect product quality and intangible 

aspects inherent to the firm (Brynjolfsson and Hitt, 2000; Brynjolfsson et al., 2002).  

Moreover, ICT usage does not occur in isolation but comes together with other 

improvements to impact productivity. ICTs decrease the cost of transactions through 

lowering information costs, resulting in more innovation and efficiency for firms (World 

Bank, 2016). When the usage of ICTs at firms comes together with organizational changes 

and innovation, productivity increases as a result, among other factors. In the following 

paragraphs, we focus on analyzing two of the most important factors: organizational changes 

and innovation.  

We begin with the most important organizational changes driven by ICT use: the 

reduction of organizational costs, changes in hierarchies and the appearance of e-business as 

a new organizational form. ICTs represent a technological development that leads to changes 

in working and also a different organization of work (UNESCO, 2002). 

In accordance with Billón et al. (2007), we distinguish two effects of ICT on firms’ 

organization via cost reductions: ICTs decrease costs linked to coordination (Brynjolfson and 

Hitt, 2000; Khan et al., 2011) due to the decreasing information and communication costs 

(World Bank, 2016). The other effect of ICT on firms’ performance relies on a decrease in 

organizational costs (Gilchrist et al., 2001; Dedrick et al., 2003; Bertschek and Kaiser, 2004; 

Burn et al., 2005), especially the cost of organizing activities with a high grade of complexity 

at large distances (Baldwin and Venables, 2013). 
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This reduction of costs has several implications, given that ICT may facilitate the 

introduction of group-work techniques (Baldwin and Venables, 2013) and hence diminish 

the role of hierarchies. ICTs flatten firms’ hierarchy because plant workers can solve 

problems during production with more autonomy and require less help from production 

managers (Garicano, 2000; Bloom et al., 2014). The hierarchies move from vertical to 

horizontal and ICTs lead to managers losing autonomy and working closely with workers 

(Castells, 1996). 

One of the most important organizational changes is the disappearance of the face-to-

face connection between supplier and client due to the appearance of e-business. The Internet 

enables firms to carry out e-business commerce (Garicano and Kaplan, 2001; Levin, 2013), 

thereby reaching new products and clients and reinforcing the existing relationships with 

customers. Firms create new online businesses to exploit the opportunities provided by the 

Internet (Amit and Zolt, 2001), with physical goods being replaced by digital goods 

(Kalakota and Robinson, 1999). This is fundamental in enabling firms to increase gains from 

trade, given the importance of entry costs to foreign markets when firms decide to export 

(Melitz, 2003). 

Innovation is another fundamental element in analysing the effects of ICTs. The 

literature has demonstrated at a firm level how ICTs influence innovation. In considering 

ICTs as GPTs, innovation is a fundamental factor in explaining the introduction of a new 

technology in the market, given that firms need to develop new components to adopt the new 

technology (Helpman and Trajtenberg, 1998a). Hence, studying the interactions between ICT 

use and innovation allows knowledge to be gained from the GPT nature of ICTs. 

The current production processes tend to incorporate large amounts of tacit and 

codified knowledge that cannot be easily transmitted (Hausmann et al., 2011). ICTs and the 

Internet make the transmission of tacit knowledge possible along with the development of 

new products and businesses, among other things (Billon et al., 2017a). ICTs are useful for 

the transmission of information through space and time (Hilbert, 2012) and creating 

information networks helps agents to exchange greater quantities of information and hence 

contribute to knowledge spillovers (Osorio-Urzua, 2008; Bloom et al., 2013; Leamer and 
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Storper, 2014; Billon et al., 2017a). The interaction between ICTs and innovation is 

fundamental. ICTs encourage firms to be more innovative. In addition, both ICTs and 

innovation are complementary, but few studies have analyzed these variables together (Billón 

et al., 2017a, 2017b). 

To sum up, we have reviewed how ICT use plays a key role in increasing productivity. 

ICT effects on productivity are also associated with selected organizational changes and 

innovation activities. All these effects will impact the ability of firms to go global. In addition 

to its impacts on productivity, ICT also contributes to the fragmentation of global production, 

which we tackle in the next section.  

2.4.3. The organization of production and global value chains 

The final effect of ICTs regards the organization of production and global value chains. This 

section is in line with the objective of the dissertation, to study the effects of ICTs on trade. 

Understanding the organization of production and global value chains is fundamental to 

explaining trade effects in the New Globalization (Baldwin, 2016). In this section, we depart 

from how ICTs contribute to creating networks through the dissemination of information, 

and the existence of networks makes it possible for the production process not to be 

concentrated in a sole country, requiring coordination of the different units within a country 

and even those located in foreign countries. The existence of global value chains affects the 

trade of intermediate and final products and constitutes one of the ways of increasing gains 

from trade in the current context. As a consequence, it is relevant to understand how ICTs 

contribute to this process. 

Multinational enterprises have been a major characteristic of the theory of international 

business since Dunning’s (1977) seminal paper. Through a wide variety of formulas, such as 

offshoring or outsourcing, among others, firms can operate in other countries (Antrás and 

Helpman, 2004). The production process has spread to different locations, originating the 

phenomenon known as the Second Great Unbundling (Baldwin, 2006), and it has been 
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possible for emerging countries to join and benefit from the fragmentation process (Baldwin, 

2012). As a result of this, firms can increase productivity through the reallocation of the most 

expensive tasks in terms of labor to other countries with low wages. However, coordinating 

the various branches, especially for those countries separated by large distances, can become 

a complex task.  

ICTs can mitigate the effect of distance and help firms to coordinate the production 

process. One of the insights concerning the Fourth Industrial Revolution is how the 

revolution of machines is affecting the global value chains (Schwab, 2016). Baldwin (2016) 

emphasizes how ICT leads to more complex activities in foreign locations being more easily 

coordinated than in previous eras. 

Thus, it is relevant to know how firms organize themselves to face global value chains 

and how technology contributes to this process. Figure 2.3 below shows the organization of 

firms. This organization contributes to explaining how firms face the global value chains and 

also how the role of technology, where we can introduce the use of ICT, helps in this process. 
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how ICTs increase international mergers and acquisitions, especially in those industries that 

are harder to monitor. ICTs also contribute to the decentralization of decisions from plant 

managers to headquarters by reducing information costs (Bloom et al., 2014). 

In conclusion, in this chapter we have not only defined ICTs but highlighted their 

fundamental role in understanding how the current society works. We have also addressed 

the theory of technology diffusion and how the diffusion of ICTs presents asymmetries by 

income levels, types of ICTs and regions. We have also analyzed how ICTs affect 

productivity, given that the existence of productivity differentials is the key to explaining 

firms’ trade patterns (Melitz, 2003). Finally, we have mentioned how ICTs contribute to the 

international fragmentation of production because this is the basis for explaining global value 

chains and trade. 
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Appendix 

Table 2A1. Correlation between Internet users and institutional quality variables 

Average correlation 2000–2015 

Countries All High-income Low- and middle-income 

CC 0.768 0.618 0.437 

GE 0.826 0.693 0.602 

PV 0.624 0.371 0.236 

RQ 0.811 0.634 0.558 

RL 0.793 0.666 0.465 

VA 0.686 0.493 0.392 

Source: own elaboration from World Bank-WDI and WGI. The average correlation between Internet users and 

each one of the WGI is computed for a sample of 206 countries during the period 2000–2015. The category 

Low- and middle-income includes the categories “Upper middle income,” “Lower middle income” and “Low 

income.” Data for 2001 is computed from the average of 2000 and 2002 data. These are the selected variables 

for measuring WGI: CC corresponds to Control of Corruption, GE to Government Effectiveness, PS to Political 

Stability and Absence of Violence, RQ to Regulatory Quality, RL to Rule of Law and VA to Voice and 

Accountability. WDI corresponds to World Development Indicators. The variable for Internet users is the 

percentage of individuals using the Internet. 
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Figure 2A1. Internet use gap between high-, and low- and middle-income countries, 1990–

2014, in percentage. Source: own elaboration from ITU-World Bank data. Note: The gap is 

computed as the difference between fixed phone lines in high-, and low- and middle-income 

countries. 
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Figure 2A2. Fixed phone line gap between high-, and low- and middle-income countries, 

1990–2014, in percentage. Source: own elaboration from ITU-World Bank data. Note: The 

gap is computed as the difference between fixed phone lines in high-, and low- and middle-

income countries. 
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Chapter 3: Theoretical roots of ICT impacts on 

trade: technology and trade costs in trade theory   

Trade theory constitutes the next step prior to studying the relationship between ICTs and 

trade because it allows us to highlight two principal motivations in adopting ICTs: the role 

of technology and trade costs, given that trade costs are the principal channel whereby ICTs 

affect trade. 

We organize this section by considering the principal trade theories16: orthodox trade 

theory (3.1), new trade theory (3.2) and new-new trade theory (3.3). This chronological 

review of theories allows us to detect the main characteristics of a specific theory. As we 

demonstrate in Chapter 3, the roles of technology and trade costs are not static, but dynamic. 

3.1. Orthodox trade theories 

Orthodox trade theories constitute the first contributions to studying the relationship between 

technology and trade. As a general rule, these forerunner models presented a lack of realism 

and their explanations were improved in subsequent models. We distinguish two sets of 

models: the first contributions of Adam Smith and David Ricardo, regarding the topics of 

absolute and comparative advantage, respectively. Also, we describe Hecksher and Ohlin’s 

trade model, based on factor endowments. 

Smith (1776) and Ricardo (1817) are considered the first contributors to orthodox trade 

theory. They lived in England during the eighteenth and nineteenth century, respectively. 

Adam Smith died when the first factories began to function, but David Ricardo could see the 

effects of the First Industrial Revolution. These authors lived through profound economic 

and social changes and formulated the first theories of international trade, seeking to explain 

the evolving economic environment.  

16 I would like to express my gratitude to Javier Barbero, whose comments have contributed to improving the 
quality of this chapter. 
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Adam Smith is considered the founding father of economics as a social science 

discipline. He formulated the theory of absolute advantage in his famous book The Wealth 

of Nations (1776). In this framework, trade happens under mercantilism, labor is the only 

factor of production and it is impossible for all countries to become rich at the same time. 

We consider two countries following a zero-sum game framework: If both countries engage 

in mutual trade, country one will export to country two, which receives an import, and vice 

versa, changing the roles of countries one and two. Given that a country cannot account for 

all the wealth by specializing in producing all types of goods, Smith (1776) proposes the 

theory of absolute advantage. In this theory, countries specialize in producing the least costly 

goods and import the most costly ones. Labor productivity dictates the total cost of producing 

a good: the higher the labor productivity, the lower the production costs. Importing a good is 

the alternative to producing a good with lower labor productivity and hence maximizes gains 

from trade. 

Ricardo (1817) departed from the theory of absolute advantage, but he criticized the 

fact that absolute costs were the only criterion to take decisions, in contrast to relative costs. 

In a two-country framework with two products, relative costs are the opportunity costs 

incurred when producing one good instead of another. Based on the concept of relative costs, 

Ricardo (1817) formulated a theory of comparative advantage that attempted to solve the 

problems of absolute advantage. Labor is the only factor of production and is internationally 

immobile, but can be mobile within countries. According to Ricardo (1817), the home 

country specializes in producing the good with lower relative costs and imports the good with 

high relative costs from the foreign country. This means that the conditions impeding trade 

under the theory of absolute advantage are not necessarily replicated and trade under the 

theory of comparative advantage may happen. 

Once we have depicted the basic framework of Ricardo’s (1817) trade theory, we go 

on to mention the most important and prominent contribution: the introduction of technology 

as an explanatory factor of trade patterns. Accordingly, one of the predictions yielded by this 

model is that countries differ in terms of technological endowments, which implies 

differences in labor productivity and in the price of goods between countries. In this 

framework, technology is treated in this model as exogenous and hence countries cannot 
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improve. For Ricardo (1817), countries cannot improve technology by importing better 

technology from other countries or through the accumulation of learning experience. This is 

a highly unrealistic assumption and Rodrik (2011) emphasizes how importing better 

technology through free trade improved technology for countries during the First Industrial 

Revolution. 

We now move to the trade model proposed by Hecksher (1950) and Ohlin (1933) 

(henceforth, HO), which dominated the first half and part of the second half of the twentieth 

century. Ricardo (1817) mentioned that technology influenced trade flows, but HO consider 

technology to be identical between countries.  

The HO model contains some principal intuitions for understanding trade. They assume 

a two-country framework, two goods and two factors of production. The basic assumptions 

of the HO model are: (i) countries have identical technology and hence there are no 

productivity differences across countries; (ii) countries produce under constant returns to 

scale; and (iii) factors are mobile within countries but immobile between countries.  

As previously stated, in contrast to Ricardo’s (1817) framework, HO ignore the effect 

of technology differences on trade flows and only differences in country factor endowments 

explained trade patterns. The HO model assumes the existence of only two factors of 

production – capital and labor – and their combination determines trade relationships. Labor-

abundant countries export labor-intensive goods, the abundant factor of production, and 

import capital, the scarce factor of production, whereas the inverse take place in capital-

abundant countries. 

Under this framework, the HO model presents two major validity problems: first, the 

lack of reality to explain real trade data originating the Leontief (1956) paradox; and second, 

not considering technology in explaining trade brings the missing trade problem (Trefler, 

1995). We go on to explain both facts separately. 

The lack of realism of the HO model with trade data constitutes the first problem. 

Leontief (1956) contrasted how trade data did not support the theoretical evidence: Countries 

did not export the abundant factor of production and import the scarce one. This originates 
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the Leontief paradox. Using data for the United States, considered capital-abundant, Leontief 

(1956) found that the United States exported labor- and capital-intensive goods, contradicting 

the HO paradigm. 

The missing trade problem (Trefler, 1995) is the most important factor when studying 

the effect of technology on trade. In a two-country framework under HO, both possess the 

same technology and hence there are no productivity differences. Using a theoretical 

approach, Trefler (1995) actually proves how trade predictions driven by the HO model were 

worse in cases where productivity differences were not considered. In contrast, Trefler (1995) 

found that HO performance was better in the case of the existence of productivity differences. 

Trefler (1995) detected a problem of missing trade concerning the predictions of HO, to be 

solved by introducing productivity as an explanatory factor. 

Productivity is a fundamental element in explaining trade, but is ignored in orthodox 

trade theory. Markusen and Venables (1998) added productivity as an additional factor in 

explaining trade. According to their approach, trade tends to be concentrated in those 

countries with similar factor endowments and similar levels of productivity, in contrast to the 

HO framework. Productivity is fundamental to determining trade patterns, as we mention in 

Section 3.3 devoted to new-new trade theory. 

An important criticism underlying orthodox trade theory is the little importance given 

to the existence of trade costs between countries. In this framework, there are no trade 

impediments and countries can trade all their produced goods. Consequently, all the factors 

of productions are optimally assigned and the result is market clearing. Therefore, there is no 

gap between real and potential trade. 

Samuelson (1947) criticized orthodox trade theory due to its lack of realism and 

introduced in the middle of the twentieth century two important contributions concerning 

technology and trade costs. For Samuelson (1947), technology was fundamental to producing 

a good, because possessing technology may reduce production costs. Samuelson (1947) does 

not directly relate technology and trade, but he introduces the idea of a nonexogenous 

technology, in contrast to the Ricardian approach. 
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Trade costs are the other criticism of orthodox trade theory and its lack of realism. 

Samuelson (1954) discussed the assumptions of no trade distortions and introduced trade 

frictions, to be known as “iceberg transport costs”17. Iceberg transport costs consider 

transport costs to be dependent only on distance and higher distances increase the value of 

transport costs. There exists an analogy between transportation costs and melting icebergs. 

The introduction of real and observable transport costs breaks the market clearing and full 

trade described by the orthodox authors.  

To conclude, orthodox economists made an important effort to formulate an initial 

accurate trade framework. The historical context, composed by the First Industrial 

Revolution and the first globalization, facilitated the scarce presence of technology and no 

trade disparities across countries. In the light of the dissertation’s objective, to study the effect 

of ICTs on trade, we are particularly interested in the first attempt made by Ricardo (1817), 

although he considered technology as exogenous at a country level. We are also interested in 

the prominent role of productivity in explaining trade, to be detailed in Section 3.3, and the 

introduction of other factors regarding transport costs apart from distance. In particular, we 

address in the following sections the presence of unobservable elements related to 

transactions at trade costs: Transaction costs constitute the highest percentage of total trade 

costs and are fundamental to explaining the effect of ICTs on trade costs, among other costs. 

3.2. New trade theory and new economic geography 

Adam Smith, David Ricardo, Eli Hecksher and Bertil Ohlin made a remarkable effort to 

explain trade relationships, but these theories were not enough to explain changes in trade 

during the last 30 years of the twentieth century. Grubel and Lloyd (1975) show that countries 

trade simultaneously different product varieties from the same industry, known as “intra-

industry trade.” The existence of intra-industry trade questions the validity of the exogenous 

17 Although we select Samuelson (1954) in the light of his contribution in the twentieth century, in line with the 

HO framework, the notion of iceberg transport costs was defined by Von Thünen (1826): He defined a trade 

model considering a local trade framework where farmers transported a good from their farm to the city without 

roads and incurred a cost equal to the horses’ consumption of grain during the transportation. This cost is similar 

to the concept of iceberg transport costs defined by Samuelson (1954). 
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comparative advantage and factor endowments trade theories explained in the previous 

section.  

New trade theory (henceforth, NTT) began in the 1970s and is rooted in the works of 

different authors (Krugman, 1979, 1980; Lancaster, 1980; Helpman, 1981; Helpman and 

Krugman, 1985). NTT departs from intra-industry trade to explain trade patterns between 

countries by incorporating novel factors such as monopolistic competition and increasing 

returns to scale. In this section, we devote the following paragraphs to explaining some 

elements of the NTT, such as the home market effect, economies of scale and the network 

effect. These are the most relevant elements to be affected by technology and ICTs. 

The concept of home market effect (henceforth, HME) is pivotal in NTT. HME was 

initially proposed by Corden (1970) and developed by Krugman (1980). HME is defined as 

follows: An industry has a large size in a certain country; the size of the industry is greater 

than its demand, and the decreasing size originates a production surplus. As a result of this, 

firms in the industry export a production surplus. We now introduce an NTT context with 

transport costs and strong economies of scale18: Firms must decide to set up closer to the 

large market or to the small market. It is more profitable for firms to concentrate on the larger 

market where the highest share of the production of the firm is sold and export to the small 

market, incurring transportation costs. HME implies that large countries become net 

exporters of goods, while small countries just receive the imported products but not the gains 

from the concentration of the industry (Hanson and Xiang, 2004). HME benefits large 

countries and impacts negatively on small countries. An improvement in the diffusion of 

technology in small countries can increase comparative advantage and reduce the gap 

between small and large countries. 

Economies of scale are another fundamental concept in understanding NTT. Orthodox 

trade theory considers constant returns to scale – a proportional increase in inputs leads to a 

proportional increase in outputs – in addition to perfect competition. In contrast to this, NTT 

proposes increasing returns to scale, where the increase in output is more than proportional 

to the increase in production factors. Increasing returns to scale and imperfect competition 

18 We define economies of scale as follows: producing large quantities of goods at a lower cost due to the 
accumulation of learning. 
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are fundamental to explaining the increasing intra-industry trade (Krugman, 1979, 1980). 

The assumption of increasing returns to scale means that countries specialize in the 

production of different goods to benefit from economies of scale. NTT has modeled 

increasing returns to scale following two approaches: internal and external economies of 

scale. The concept of economies of scale is rooted rigorously in microeconomic theory and 

decreasing production costs are a result of increasing quantities through the learning process. 

Economies of scale imply that firms can set lower prices due to the accumulation of 

experience, given that production costs decrease. Internal economies of scale refer to firms 

reducing production costs internally, while external economies of scale are linked to lower 

production costs throughout the industry. Internal economies of scale imply that larger 

countries have lower production costs and benefit from the existence of a comparative 

advantage, similarly to HME. Technology can help to improve economies of scale.  

The network effect is another pillar of NTT. The concept consists in the value of a good 

depending on the number of users: the higher the number of users, the more valuable the 

good will be (Shapiro and Varian, 1999). Fujita and Thisse (2004) define a concept very 

similar to the network effect, the snowball effect, where an increasing number of agents seek 

to settle in a specific location to benefit from the concentration of firms and sectoral 

specialization. Accordingly, Fujita and Thisse (2004) state how the benefits implied by 

settling in a specific location depend on the number of firms concentrated in the location. 

This is related to the HME, given that choosing the optimal location is of fundamental 

importance for firms engaging in trade relationships. The network effect shows a 

resemblance with the epidemic models described by the theory of ICT diffusion, where the 

number of adopters determines the value of ICT usage. 

Although NTT does not assume the existence of exogenous technology differences, the 

relaxation of constant returns to scale and perfect competition, the introduction of increasing 

returns to scale and imperfect competition allows the effect of technology on trade to be 

studied (Pick et al., 1995). Krugman (1985) defines a model of technology gaps, where 

technology differences between countries impacts trade. In this framework, a higher level of 

technology is related to comparative advantage. When countries possessing advanced 

technology experience technological progress, the gap with the least technologically 
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advanced countries will increase. With this work, Krugman (1985) brings back the idea of 

Ricardian comparative advantage, without treating technology as exogenous. In another 

study, Helpman and Krugman (1985, Ch. 2) define a model of technology and market 

structure. Using an imperfect competition framework, their model makes the productivity of 

firms dependent on two types of market size: an external industry, international, or another 

local industry, interindustry, effect. External industries arise because local firms are unable 

to obtain complete knowledge to use in the production process and this requires the creation 

of networks with external firms. Helpman and Krugman (1985, Ch. 2) conclude by stating 

that the link between technology and market structure requires transaction costs as well as 

coordination costs. The existence of transaction and coordination costs, of an unobservable 

nature, is fundamental to explaining the effects of ICTs on trade. We devote Chapter 4 to 

demonstrating how technology, ICTs to be more precise, reduces transaction costs and affects 

trade. 

In this first part, we have highlighted NTT and its principal contributions to breaking 

with the fixed assumptions of orthodox trade theory. Beyond the introduction of HME or 

network effect, the most important thing is the consideration of nonexogenous technology 

affecting trade. The introduction of ICTs as general purpose technologies (GPTs) contributes 

to reshaping the principles of NTT. 

New economic geography (henceforth, NEG) is a field that arose at the beginning of 

the 90s from the seminal contributions of Krugman (1991a, 1991b) and other complementary 

works (Krugman, 1995; Fujita et al., 1999). NEG considers as baseline the home market 

effect from NTT, while incorporating new insights such as partial labor mobility and the 

existence of centripetal and centrifugal forces in a spatial core-periphery structure, as 

described by Fujita et al. (1999). Centripetal forces attract economic activity to the core, 

where economic activity is concentrated, and centrifugal forces spread economic activity 

from the core to other locations. The core-periphery structure leads to the agglomeration of 

economic activity at the core, with the migration of workers seeking higher real wages. The 

objective of this dissertation is not to depict all the characteristics concerning NEG, but to 

focus on those elements to be potentially affected by technology and hence by ICTs. For this 
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purpose, we focus on the existence of transport costs, agglomeration and the role of space in 

originating spatial dependence and spatial inequalities. 

The existence of transport costs is another fundamental element of NEG, given that 

they allow us to break with the paradigm of no costly trade of orthodox trade theories. 

Transport costs represent distortions to trade and higher transport costs decrease trade 

volumes. NEG assumes transport costs following an iceberg transport cost, with a 

resemblance to Samuelson (1954): the higher the distance, the lower the transport costs and 

the greater the trade volumes (Krugman, 1991a, 1991b). However, we cannot find other 

factors apart from distance and this lack of reality is subject to criticism. Different authors 

consider it unrealistic that the price of the good increases as the transport cost amount does19 

(Hummels, 2001; Ottaviano and Thisse, 2003). McCann (2005) criticizes the functional form 

of iceberg transport costs because it is demonstrated to be concave and not convex. Apart 

from that, other authors have empirically confirmed that distance only explains a small 

fraction of the total amount of transport costs (Radelet and Sachs, 1998; Limao and Venables, 

2001). As these authors point out, a transport cost specification composed only of 

cartographical distance is not enough to explain trade patterns and other elements need to be 

included. In the light of the effect of ICTs on trade, ICTs affect noncartographical distance, 

but also other elements of trade costs related to transactions.  

Agglomeration is another crucial topic for understanding NEG, and refers to how firms 

are concentrated in a specific place within a country (Krugman, 1991a, 1991b; Baldwin et 

al., 2003; Fujita and Thisse, 2004; Glaeser, 2010; Combes and Gobillon, 2015). Marshall 

(1890) detected how firms concentrated their production in specific places. Dixit and Stiglitz 

(1977) mentioned the existence of agglomeration but without considering trade: Firms 

produce a variety of goods in a specific place, but they did not wonder which factors lay 

behind this concentration. NEG fills this gap by explaining the reason why firms 

agglomerate. Krugman (1991a) introduced the core-periphery structure, which was 

developed later by Fujita et al. (1999): The existence of real wage differences across regions 

19 The iceberg framework assumes losses during the transportation process. We intend to say that losses 
during the transportation increase transport costs and hence the price of the good. 
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motivates workers to migrate to regions where real wages are higher. We can consider two 

processes: i) providing transport costs are not prohibitively high, the process ends when all 

the workers are concentrated in a whole region and hence industry agglomerates there; ii) 

with complete agglomeration, transport costs increase and the result is a symmetric 

equilibrium, where both regions produce the same quantities. 

The NEG framework considers the aforementioned centripetal and centrifugal forces 

in explaining the concentration of economic activity (Fujita et al., 1999). Agglomeration 

constitutes a pivotal element in explaining the effects of ICTs on trade, because proximity 

favors the diffusion of knowledge (Capello and Spairani, 2004; Duranton and Puga, 2005; 

Capello, 2014) and decreases the cost of exchanging goods and ideas (Glaeser, 2010). 

Space is another fundamental fact in understanding NEG. Economic geography must 

face the challenge of a continuously changing geographical space (Fujita and Krugman, 

2004). Changing space, where activities tend to agglomerate in specific places, originate two 

types of phenomena: spatial inequalities and spatial dependence. The existence of spatial 

inequalities shows that income is not equally distributed within countries and income 

disparities between regions persist. In fact, locations closer to consumer markets, where a 

large percentage of the demand can be satisfied, exhibit lower transport costs and higher 

income simultaneously (Fujita et al., 1999). Spatial inequalities arise due to the inefficiency 

of governments and market failures (Cheshire et al., 2014) and, among all the consequences, 

create regional digital divides due to differences in ICT diffusion, a topic explained in Section 

2.3.3. 

At the same time, space may also facilitate integration across regions: Elements such 

as migration, interregional trade, technology and knowledge spillovers contribute to 

economic integration and facilitate spatial dependence across regions (Buettner, 1999). As a 

consequence of this spatial dependence, a region may be affected not only by its own factors, 

but by those of the neighboring regions (Anselin, 1988; LeSage, 1999; LeSage and Pace, 

2009). The NEG framework has incorporated the existence of spatial dependence across 

regions (Mion, 2004; Hanson, 2005; Fingleton, 2006, among others). Both spatial 

inequalities and spatial dependence are fundamental to understanding how technology, and 

ICTs more specifically, affects trade. As previously mentioned in Section 2.3.3, the diffusion 
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of technology presents a spatial pattern and a region may benefit from being located close to 

regions with higher rates of ICT diffusion.  

One of the principal limitations of NEG is the consideration of only two regions and 

two sectors in determining the agglomeration of economic activity. This limitation can be 

overcome using network modeling and spatial topology. Behrens et al. (2007, 2009) include 

multiple countries in a NEG model. Barbero et al. (2018) consider a NEG model including 

multiple locations, several industries and costly trade for all goods20. In another study, 

Barbero and Zofío (2016) derive a multiregional core-periphery model with spatial topology. 

To conclude, we have reviewed the main characteristics of NTT and NEG, highlighting 

the characteristics of technology potentially affecting trade. Technology becomes 

fundamental to explaining trade patterns, since it is assumed to be nonexogenous, and 

centripetal and centrifugal forces can be reshaped by technology. Improving technology is 

fundamental to reducing spatial inequalities and regional digital divides. These 

improvements in technology can happen within a specific region or through technology 

spillovers. 

3.3. New-new trade theory 

Orthodox trade theory considered trade between countries and new trade theory introduced 

firms and the role of space in determining trade. As a major shortcoming, firms were 

homogeneous and did not present productivity differentials across them. Firms’ performance 

is the key to determining the aggregate performance (Miguelez and Moreno, 2015). However, 

studies about firms engaging in international trade were very scarce until almost the end of 

the twentieth century. Bernard et al.’s (1995) seminal paper analyzes exports from US firms 

from 1976 to 1987 and finds a relationship between plant size and the propensity to export: 

Large firms concentrate on exports. Since this seminal paper, trade literature has examined 

trade patterns using firm- and plant-level data. The studies highlight the importance of 

20 Readers interested in an in-depth review of these types of models are advised to read Barbero et al. (2018) 
for additional information. 
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productivity in engaging in trade, but only a minority of firms with higher productivity can 

obtain significant gains from trade (Bernard et al., 1999; Aw et al., 2000; Arkolakis et al., 

2012; Ossa, 2015, among others). 

Melitz’s (2003) model of firm heterogeneity set the roots of new-new trade theory21. 

He departs from the evidence displayed in the data and previous studies, where exporting 

firms are the most productive ones and constitute a minority within the total number of firms. 

In Melitz’s (2003) model, export performance is strictly related to productivity differentials: 

Only the most productive firms can engage in trade due to the high costs of entry into foreign 

markets. In a framework of monopolistic competition, the least productive firms are forced 

to exit the market and their market shares are reallocated to the most productive firms. In this 

model, there is an important distinction for nonexporting firms: Those firms that are 

productive enough to survive in the competition process between firms but are not productive 

enough to engage in exports will have the capacity to serve the domestic market. This group 

may be linked with a huge majority of firms, mainly SMEs. 

In contrast to previous trade models, new-new trade theory introduces technology 

explicitly. In this framework, firms’ technology is represented by a cost function that 

combines both fixed and variable trade costs. Higher productivity lowers variable costs, 

reduces the amount of labor used in the production and therefore decreases production costs. 

A high productivity is related to lower prices. As previously mentioned, this model considers 

reallocation of productivity shares to the most productive firms and the least productive firms 

are forced to exit the market. However, the total aggregate productivity is not sensitive to 

market share reallocations, but to firms using technology. 

Based on the above, Melitz’s (2003) model considers how three scenarios can happen 

due to the existence of productivity differentials. In cases where firms cannot reach the 

productivity levels required to export, these firms exit the market and the model behaves like 

the firm homogeneity in Krugman (1980) described in 2.2. In the second case, firms are 

productive but cannot engage in trade, so they only serve the domestic market. The final case 

refers to the more productive firms that are able to export to foreign markets. This constitutes 

21 In line with new-new trade theory, Ottaviano (2011) defines a new-new economic geography, the 
adaptation of NEG to new-new trade theory. 
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the novelty of the Melitz (2003) contribution in comparison to previous models of 

international trade. 

Based on this initial framework, other authors present extensions of the basic Melitz 

(2003) model. Helpman et al. (2004) introduce FDI flows. Chaney (2008) introduces 

extensive and intensive trade margins, where firms already exporting increase their presence 

in the market (intensive margin) and new firms start exporting (extensive margin). Melitz 

and Ottaviano (2008) augment the competition with a discussion of the size of the market to 

export. Arkolakis (2010) introduces marketing theory in the sense of firms exporting only 

when the potential benefits of reaching a potential customer in the foreign market are 

positive. Helpman et al. (2010) present a version of Melitz (2003) with labor markets. Melitz 

and Redding (2014) consider firm heterogeneity for differentiated product markets. Mayer et 

al. (2014) include a multiproduct framework. Other extensions of Melitz’s (2003) model 

consider how productivity within firms increases trade from the gains produced via free trade 

agreements, and how firms use new technologies to anticipate trade liberalization (Lileeva 

and Trefler, 2010; Bustos, 2011). Technology continues in the framework of firm 

heterogeneity proposed by all these models, in accordance with Melitz (2003)22.  

To sum up, Melitz (2003) is fundamental to exploring new insights on trade theory and 

incorporates the usage of ICTs. Although Melitz’s (2003) model does not specifically 

mention ICTs and technology is presented as a general topic, we are particularly interested 

in the distinction between fixed and variable trade costs in studying the effects of ICTs. While 

fixed costs are unobservable and related to transactions, variable trade costs are observable 

and related to distance. Fixed trade costs are a novelty in the new-new trade theory, but 

variable trade costs are the iceberg trade costs of the new trade theory. ICTs affect both fixed 

and variable trade costs, but in different ways, as we will see in Chapter 4 devoted to the 

specific effects of ICTs on trade. The behavior of exporting firms is fundamental to 

understanding export performance, especially for countries with a majority of SMEs. New 

technologies and R&D, among other factors, are of fundamental importance for economic 

22 We present a brief review of the extensions of the Melitz (2003) model. Readers interested in all the 
potential extensions are advised to read the literature review proposed in Redding (2011) and in Melitz and 
Redding (2014). 
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policy actions to engage firms in trade (Correa-Lopez and Doménech, 2012). Hence, Melitz 

(2003) is the baseline for anticipating the potential effects of ICTs on trade. 

In conclusion, in this chapter we have reviewed the principal trade theories. Orthodox 

trade theories do not consider technology to be a factor potentially affecting trade, despite 

the prominent contribution of David Ricardo. However, Ricardo considered technology to be 

exogenous and that it could not be modified through learning. New trade theory and new 

economic geography did not consider a direct impact of technology on trade, but the 

introduction of increasing returns to scale enables the study of how technology affects trade. 

Firm homogeneity in terms of productivity is a major limitation of these disciplines. Finally, 

new-new trade theory assumes firm heterogeneity and considers a specific function of 

production costs, where technology reduces production costs. Understanding these trade 

models is the backbone to understanding how ICTs affect trade. In the following chapter, 

Chapter 4, having defined ICTs in Chapter 2 and the role of technology in Chapter 3, we 

study the specific effects of ICTs on trade. 
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Chapter 4: ICT impacts on trade: theoretical and 

empirical evidence 

In this chapter, we present the theoretical roots to explain how ICTs affect trade. We divide 

this chapter into three sections. The impact of ICTs on trade mainly occurs through trade 

costs. Section 4.1, entitled Understanding globalization, introduces the topic of trade costs 

and how and why they have been changed over time. Once we have introduced both topics, 

we explain in Section 4.2 the different effects of ICTs on trade through trade costs, given that 

they are the principal channel whereby ICTs affect trade. In Section 4.3, we tackle other 

additional effects of ICTs on trade beyond trade costs. These effects are related to the 

international fragmentation of production and other effects such as the impact of ICTs on 

trade through innovation (4.3.2) and diffusion trajectories (4.3.3). Finally, in section 4.4, we 

review the empirical evidence on the effects of ICTs on trade. 

4.1. Trade costs and globalization 

Trade costs are composed of fixed trade costs, related to transactions, and variable trade costs, 

mainly related to distance. Distance is an important part of the final trade costs, but there are 

other additional components. The dynamics of trade costs are one of the six major puzzles, 

fundamental to understanding international economics (Obstfeld and Rogoff, 2000). In 

studying the effects of ICTs on trade, it is of fundamental importance to define trade costs, 

the elements to be incorporated in this concept and trade cost dynamics (4.1.1). In addition, 

we provide evidence about the role of trade costs in global value chains, which are 

fundamental to understanding the current process of globalization (4.1.2). 
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4.1.1. Trade costs: evolution, components and dynamics 

Trade costs are a broad concept because they incorporate several elements. Departing from 

Anderson and Van Wincoop (2004), we define bilateral trade costs as all the bilateral barriers 

affecting potential bilateral trade between locations i and j. Overman et al. (2003) emphasize 

that trade costs include both observable elements, such as transport costs, and unobservable 

elements, like information costs. Evidence shows how unobservable elements of trade costs 

are the most important ones in determining the total amount of trade costs. Figure 4.1 shows 

the main trade cost components to be faced by firms. This estimation was carried out by the 

OECD (2015). 

Figure 4.1. Percentage of total trade cost components in 2014. Source: OECD (2015: 9.) 

We can see in Figure 4.1 that access to information (20%) and procedures (17%) are 

among the main components of trade costs. As previously stated in Chapter 3, transport cost 

specifications based solely on distance are obsolete and it is necessary to introduce new 

transport cost specifications. These new transport cost specifications introduce additional 

components and break with the traditional iceberg transport cost specification. Rauch (1999) 

expresses transport costs as a function of distance, in line with iceberg transport costs, but he 

introduces as a novelty an unobservable search cost component. Hummels (2001) includes 

freight rates as an additional component. These transport cost specifications confirm that 

transport costs need to be revisited to explain trade patterns. 
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One of the major revolutions in the transition from transport costs to trade costs is 

Anderson and Van Wincoop’s (2003) contribution. These authors introduce the topic of 

endogenous and unobservable trade costs, composed by distance and additional costs related 

to transactions. In a later study, Anderson and Van Wincoop (2004) extend this paradigm 

and define trade costs as the bilateral resistance to exporting from i to j, including all trade 

barriers that potentially influence the bilateral trade relationship. In this specification, 

transport costs become a component of the total trade costs, together with transaction-based 

costs. Geographical elements, such as distance and also time costs related to shipping 

(Djankov et al., 2010; Hummels and Schaur, 2013), are also important in explaining trade 

costs. Accordingly, trade costs must not only incorporate distance, but other observable and 

unobservable elements, to explain the reality in a more accurate way.  

Unobservable transactional components of trade costs imply the consideration of 

transaction cost theory, as proposed in seminal contributions (Commons, 1931; Coase, 1937, 

1960), and developed by Williamson (1981) 23. Contract theory builds a framework of 

bounded rationality, where individuals do not possess all the information and time to make a 

decision. In addition, individuals must face specific costs before the transaction takes place. 

The contract theory defined by Grossman and Hart (1986) considers the existence of two 

parties close to signing a contract, but they do not possess all the potential information about 

the other party. Transaction costs are part of the missing information not included in the 

contract. 

For Dahlman (1979), transaction costs can be divided into three categories: search and 

information costs, bargaining costs, and policy and enforcement costs. These components are 

explained as follows24: Search and information costs are related to attributes such as checking 

product quality and the existence of other suppliers that offer lower prices. Bargaining costs 

are related to the decision of the two parties to participate in the contract by accepting all 

terms and conditions or starting to renegotiate the contract. Finally, policy and enforcement 

23 See Antrás (2016, Ch. 6) for a broad theoretical explanation and the main implications of the transaction 
cost theory. 
24 This classification is not exhaustive, but it is the best possible to fit our explanation. Other authors propose 
different classifications for transaction costs. For example, Nurmilaakso (2014) divides transaction costs into 
motivation and coordination costs. 
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costs arise because of the uncertainty that the other party might break the contract sometime. 

Hence, transaction costs are a fundamental part of trade costs and need to be considered to 

explain trade patterns.  

Transport costs registered an exponential decline after the postwar period (Krugman, 

1995; Baldwin and Martin, 1999; Rauch, 1999; Leamer and Storper, 2001; Glaeser and 

Kohlhase, 2004; Hummels, 2007; Jacks et al., 2008; WTO, 2008; World Bank, 2009). Rapid 

advances in technology and communications have contributed to the fall in transport costs. 

Time costs have also declined, but statistics for measuring this dimension are difficult 

to find. According to World Bank data, the time to export, measured in days, fell from 27 

days in 2005, the first year available, to 21 days in 2014. Time costs tend to be greater for 

perishable products (Hummels, 2007). Consequently, time costs vary depending on the 

means of transportation: Freight values are greater for air transport than for other means of 

transport using land or water. Air transport is particularly useful for products with higher 

perishability and reduced product life cycles (World Bank, 2009). 

Finally, transaction costs are also difficult to measure, but the rise of 

telecommunication devices, as we explained in Chapter 2, has enabled transaction costs to 

decrease. Offshoring information-intensive activities to other countries with lower labor 

costs also contributes to the reduction of transaction costs (World Bank, 2009). Hence, ICTs 

may explain falling trade costs, which affect transactional, transport and time costs. 

4.1.2. Trade costs and global value chains 

Another fundamental aspect in understanding the impact of ICTs on trade in the globalization 

era is its implications in the contexts of the global value chains (henceforth, GVCs). GVCs 

are related to the proliferation of multinational enterprises, where mobility and knowledge 

transform firm competences (Narula and Dunning, 2000). The transmission of knowledge 

and mobility is fundamental to explaining the international fragmentation of production and 

the creation of global production networks (Barba-Navaretti and Venables, 2004). 
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The creation of large production networks entailing multiple firms has to do with the 

phenomenon known as “global Value Chains”, which implies that rather than exporting a 

final product that has been produced as a whole in the exporter country, the final product 

incorporates intermediate products that have been produced abroad, usually involving 

serveral countries. The increasing global vlue chains originate a new era, The Second 

Unbundling (Baldwin, 2006). Moreover, in the era of the New Globalization, international 

fragmentation of production has reached unprecedented levels (Baldwin, 2016). Several 

authors highlight the importance of global value chains and their importance in explaining 

both trade specialization and trade patterns (Venables, 1999; Hummels et al., 2001; Baldone 

et al., 2007; Baldwin, 2012; Timmer et al., 2013; Costinot and Rodríguez-Clare, 2014; 

Johnson, 2014; Koopman et al., 2014; Baldwin and Lopez-Gonzalez, 2015).  

Global value chains reshape the real economy because of the international 

fragmentation of production and the growing importance of intermediate inputs (Helpman 

and Krugman, 1985; Krugman and Venables, 1995; Hummels, 2002; Feenstra, 2004; 

Costinot and Rodríguez-Clare, 2014). Trade in intermediate inputs defies the existence of 

national borders in a context of trade liberalization, where tariffs are being progressively 

abolished. 

The existence of global value chains is particularly important in explaining trade costs, 

because trade costs are not equal among regions. Through the creation of global value chains, 

countries can reallocate production to minimize production costs and increase gains from 

trade. As a result of this, world regions with lower trade costs can engage better in GVCs. 

According to the Economic and Social Commission for Asia and the Pacific (ESCAP) 

database, we depart from Arvis et al. (2013) and decompose trade costs (a total amount of 

100%) in the following way: between 0% and 10% are tariffs; between 10% and 30% 

correspond to natural trade costs, mainly geographical and cultural factors; and finally, the 

remaining 60% to 80% are related to indirect trade costs. These costs are composed of 

nontariff barriers and the availability or use of ICT services related to ICT infrastructure. 

These results are totally in line with the results presented in Figure 4.1, which indicate that 

fixed transaction costs were the most important component of total trade costs. Moreover, it 

is important to quantify bilateral costs across world regions to distinguish differentials in 
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trade competitiveness. For this purpose, we follow the data provided by the WTO and OECD 

(2015) in 2010, which can be found in Table 4.1. 

Table 4.1. Bilateral weighted intra- and interregional trade costs for world regions in 2010 

E27 ECA ESA LAC MEN NA SA SEA WCA 

E27 34.3 

ECA 67.3 64.8 

ESA 112.0 146.0 103.7 

LAC 109.5 158.4 186.2 93.6 

MEN 76.0 109.4 91.0 135.0 48.3 

NA 65.5 102.6 125.0 92.3 72.2 14.8 

SA 94.8 136.5 161.9 183.8 60.8 88.6 92.0 

SEA 88.0 119.5 155.1 127.9 69.4 71.9 103.6 68.8 

WCA 106.7 168.2 93.7 123.7 112.4 105.4 99.6 162.0 104.3 

Source: WTO and OECD (2015: 172), Table 6.1. Note: E27 is European Union-27, ECA is Europe and Central 

Asia, ESA is Eastern and Southern Africa, LAC is Latin America and Caribbean, MEN is Middle East and 

North Africa, NA is North America, SA is South Asia, SEA is South East Asia, and WCA is Western and Central 

Africa. 

Table 4.1 shows that lower intraregional trade costs correspond to North America and 

EU-27, with 14.8 and 34.3, respectively. South East Asia shows an intraregional value of 

64.8, the lowest value for developing regions, and it becomes a potential factor in engaging 

this region in global value chains. The WTO and OECD (2015) cite the lack of physical 

infrastructure as the main factor behind trade cost differentials. The existence of differences 

in trade costs and infrastructure is expected to originate different effects of ICTs on trade. 

To conclude, we have highlighted the importance of trade costs, how they incorporate 

both observable and unobservable elements and how they have decreased, especially since 

the introduction of technological advances. In addition, we have shown the process of 

international fragmentation of production, an emergent topic of trade. The existence of 

different trade costs between regions provides opportunities for the development of global 

value chains. Technology, into which category we can specifically place ICTs, can contribute 

to decreasing trade costs, and increasing trade flows.  
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4.2. The effect of ICTs on trade through trade costs 

Falling trade costs and the international fragmentation of production, together with the 

increasing digitalization explained in Chapter 2, are basic factors in understanding the 

changes driven by globalization. In this section, we explain how they affect trade costs under 

a theoretical framework. For this purpose, we distinguish between ICT impacts on 

unobservable fixed costs related to transactions (4.2.1) and variable trade costs, mainly 

related to transport (4.2.2). 

4.2.1. Fixed transaction costs 

We first explain the effect of ICT on trade costs taking into consideration the primary division 

of trade costs: unobservable components, related to transactions, and observable elements, 

related to transport costs. We have mentioned the importance of transaction costs, which are 

a significant percentage over the total trade costs25. Fixed investment costs, related to 

transactions, are the first channel in studying the effects of ICTs on trade costs. Transaction 

costs imply by definition contact with the other party signing a contract. This contact, 

together with the absence of information, implies higher costs because of uncertainty. 

Although it is difficult to quantify transaction costs, they are fundamental in contract theory. 

ICT usage reduces the cost of acquiring knowledge (Garicano and Kaplan, 2001), 

decreases transaction costs and facilitates exports (James, 2002). In the literature, several 

authors highlight how ICTs make transaction costs lower (Freund and Weinhold, 2004a; 

Portugal-Pérez and Wilson, 2012; Chung et al., 2013; Liu and Nath, 2013). Consequently, 

ICTs reduce the uncertainty of incomplete contracts: ICTs decrease transaction costs and 

facilitate identification of the other party signing the contract.  

ICTs impact specific costs related to transactions: first, ICT reduces the cost of 

communicating between agents (Fink et al., 2005; Baldwin, 2016) and creates 

communication channels for coordinating the production process with increasing 

25 See Figure 4.1 for more details. 



Chapter 4: ICTs impacts on trade: Theoretical end empirical evidence 

Page 134 of 342 ©Ernesto Rodríguez Crespo 

geographical dispersion (Krugman, 1995; Venables, 2001 Fink et al., 2005); second, ICT 

reduces costs of entry to foreign potential markets and facilitates new information for 

potential suppliers (Freund and Weinhold, 2004a; Kotnik and Stritar, 2015). The facilitation 

of information about foreign markets is fundamental for the expansion of multinational 

enterprises to foreign countries. ICTs also increase the efficiency of search costs (Bakos, 

1997) because purchasers can compare better the prices charged by potential distant sellers 

(Venables, 2001). Apart from that, ICTs reduce management and control costs, as employees 

and trading partners can be easily supervised by the headquarters (Demirkan et al., 2009).  

Among all these transaction costs, the cost of entry to foreign markets is of fundamental 

importance because exporting firms must face uncertainty (Segura-Cayuela and Villarubia, 

2008). As stated in Section 3.3, entry costs are high enough for only a minority of firms to 

actually be able to afford these costs of entry (Melitz, 2003). We now mention specific effects 

of ICT on transaction costs. The Internet allows potential traders to be connected and 

decreases the fixed costs inherent in forming international trade relationships (Roe and 

Wheatley, 2008). Consequently, one of the principal effects of ICTs on transaction costs is 

the facilitation of exporting firms’ entry to foreign markets due to the accumulation of 

knowledge. Using ICT, firms can gain knowledge from foreign markets, reduce information 

costs and decrease uncertainty. As a result, ICTs are fundamental to promoting firms’ 

internationalization, especially for small- and medium-sized enterprises. Firms’ strategical 

decisions in new technologies are the key to promoting the internationalization of firms 

(Correa-Lopez and Doménech, 2012). 

To conclude, we have shown how reducing the cost of acquiring knowledge induced 

by ICT decreases transaction costs. Given that transaction costs represent a high percentage 

of total trade costs, using ICT favors trade performance. Firms gain efficiency through the 

reduction of transaction costs: Given that firms can improve their knowledge of foreign 

markets, internationalization activities increase (i.e. offshoring and outsourcing, among 

others). Consequently, ICT usage constitutes a potential comparative advantage for firms and 

increases their trade competitiveness under the perspective of transaction costs. 
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4.2.2. Variable trade costs 

We review the impact of ICT on those trade costs not directly related to transactions. For this 

purpose, we consider Melitz’s (2003) classification of variable costs, which are easier to 

estimate because they depend on the quantity of product traded. These costs are related to 

distance, in line with the iceberg-type transport costs.  

We evaluate the effect of ICT on variable trade costs following three steps: first, we 

evaluate the specific impacts of ICTs on distance; second, and more specifically, we revisit 

the impacts of ICTs on the agglomeration of industry, an effect derived from distance; and 

third, we explain how ICT affects the logistics process, allowing efficiency to be gained due 

to the reduction of time costs.  

Cairncross (1997) pointed out a fundamental consequence of ICTs: “Distance will no 

longer determine the cost of communicating electronically.” Cairncross (1997) attempts to 

provide an integrated approach to the world economy, where noncartographical distances are 

not relevant in explaining the economic activity. This statement is known as the death of the 

distance and implies a decaying importance of distance in communicating (Cairncross, 

1997). 

In spite of the reduction of electronic distances due to technological advances, 

cartographical distances are still relevant in determining trade. These distances are especially 

important for low- and middle-income countries engaging in trade, because these countries 

tend to be geographically isolated. There has not been a complete death of the distance as 

Cairncross (1997) formulated, but the introduction of ICTs represents an important change 

potentially affecting trade: Internet usage decreases the cost of moving ideas very close to 

zero (Baldwin, 2016; World Bank, 2016). This is particularly important because the current 

production processes require large amounts of knowledge to produce sophisticated goods. 

Thus, the exchange of ideas induced by the Internet is important for countries in producing 

knowledge-intensive goods. Networks are another fundamental aspect, because they 

determine trade (Rauch, 1999; Chaney, 2014), and the appearance of ICTs favors networks 

between supplier and client (Clarke and Wallsten, 2006), thereby diminishing the role of 
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distance. Venables (2001) points out that the effect of the Internet will not be a complete 

death of the distance, but rather will ensure better access to knowledge.  

We now explain how ICTs affect agglomeration. This is related to how distance affects 

international trade relationships. If distance does not determine the cost of communicating 

(Cairncross, 1997), ICTs will facilitate the deglomeration of firms and convert centrifugal 

forces to centripetal ones. However, Baldwin (2016) states that despite the progressive 

international fragmentation of production, there are still incentives for firms to cluster. As a 

result of this, technological advances have not broken agglomeration forces and distance is 

still relevant in determining transactions.  

ICTs are the main driver of economic and social changes in the New Globalization 

(Baldwin, 2016). In this context, emerging ICTs, such as cloud computing and the IoT, are 

expected to change urban structure. Smart Cities use ICTs directly to improve the citizens’ 

standard of living (Deloitte, 2017) and introduce the debate over whether ICTs will reshape 

the urban clustering or not. Ioannides et al. (2008) make an inconclusive statement 

comprising two points of view. On the one hand, ICTs may contribute to the spatial 

dispersion of workers due to the decrease in communication costs. On the other hand, ICTs 

may favor the concentration of industries due to the existence of increasing returns to scale 

through proximity. For Gaspar and Glaeser (1998), ICTs may complement, but not replace, 

face-to-face interactions.  

Moreover, the exchange of information flows is more intense face to face, and advances 

in ICTs may not completely break face-to-face communications. Distance is still so important 

that firms agglomerate in specific locations to benefit from knowledge spillovers. However, 

we cannot deny that the appearance of ICTs affects urban structure and may reshape the 

future of cities. ICTs reduce trade costs, but trade spillovers are still relevant in determining 

trade, as we point out in Chapter 8. 

Finally, we evaluate one of the main effects of ICTs on transport costs, focusing on the 

efficiency gained by firms in the logistics process. The logistical process is fundamental to 

determining firms’ trade performance. The time involved in shipment is considered one of 

the major trade barriers (Djankov et al., 2010; Hummels and Schaur, 2013). ICTs emerge as 
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an alternative to mitigate the time effect, because ICT usage lowers the cost of 

communicating independently of the distance incurred (Venables, 2001; James, 2002). 

Hence, firms and customers benefit from these time gains. 

Perego et al. (2011) review the literature concerning the adoption of ICTs by freight 

transportation firms. They highlight how information flows allow freight quotations offered 

by different transportation providers to be compared. Accordingly, ICT increases efficiency 

because of the increase in competition in terms of costs and services, which forces suppliers 

to set competitive prices. 

Due to information and communication flows, retailers and vendors can share data in 

real time, and improve supply chain management and their capacity in terms of logistics and 

transport (World Bank, 2016). ITU (2017) highlights how the arrival of artificial intelligence 

affects both logistics and supply chain management because of efficiency improvements. 

Hence, ICTs increase efficiency through a reduction in costs related to time and coordination. 

This effect benefits logistics firms and trade relationships. 

Time gains in the logistic process increase firms’ efficiency. Efficiency is fundamental 

in determining trade performance, and decreasing time costs due to the introduction of ICT 

reduce transport costs. An increasing efficiency benefits firms’ gains from trade, as we 

demonstrate using different sources of evidence. In new-new trade theory, the firms with 

greater efficiency and productivity are the ones that export (Melitz, 2003). Eaton and Kortum 

(2002) support the existence of a positive relationship between efficiency and trade. Meltzer 

(2015) states that exporting SMEs that use the Internet to establish trade relationships are 

more productive than firms that do not use the Internet. The effects of ICTs on trade are 

coincidental with the effects derived from trade liberalization in the Melitz (2003) model26 

(Lendle and Vézina, 2015).  

To conclude, cartographical distances remain but information flows allow the distance 

effects to be mitigated by reducing transport and time costs. Given the importance of time 

26 For more information, see Melitz (2003). A trade liberalization impacts productivity and the least productive 
firms are forced to leave the market. As a consequence of this, market shares are reallocated to the most 
productive firms. 
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costs for firms’ shipment process, using ICTs leads to gaining efficiency, overcoming trade 

barriers and hence increasing trade flows. ICTs also decrease transport costs because they 

favor the spatial dispersion of workers and the concentration of firms in forming knowledge 

clusters. Although transaction costs comprise the largest share of total trade costs, ICTs also 

affect variable trade costs by reducing transport costs and favoring trade performance. 

4.3. Other effects of ICTs on trade: innovation and trade 

We have described how ICTs affect both fixed and variable trade costs negatively. In this 

section, we review other indirect impacts of ICTs on trade due to the theory of ICT diffusion. 

Apart from the impact through trade costs, ICTs affect trade through other components. Thus, 

we study how innovation affects trade as a consequence of a prior effect of ICT on 

innovation. This prior effect happens because ICTs force firms to innovate (Helpman and 

Trajtenberg, 1998). In this section, we explore how innovation also affects trade and hence 

constitutes another indirect effect of ICTs on trade. 

In the previous section, 2.4.2, we analyzed how ICT use motivates firms to be more 

innovative in considering ICTs as GPTs (Helpman and Trajtenberg, 1998). However, our 

analysis only covered the firm dimension and trade issues were not considered. We now 

move on to considering how increasing innovation affects trade, assuming that ICT use has 

previously affected innovation. 

Theory emphasizes the existence of a positive effect between innovation and trade 

competitiveness (Spence, 1984; Soete, 1987; Buxton et al., 1991; Fagerberg, 1997). 

Ghalazian and Furtan (2007) identify three specific ways in which innovation affects trade: 

raising the degree of product differentiation, decreasing production costs and lowering 

transaction costs. As pointed out in previous sections, transaction costs account for a large 

proportion of total trade costs. 

We distinguish three approaches to exploring the effect of innovation on trade. The 

first one is more specifically related to the trade dimension and distinguishes an effect of 
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innovation on trade depending on trade margins27. The second approach is proposed by 

Grossman and Helpman (1995) and has to do with firms’ investment behavior in innovation 

to increase trade performance. A third classification is related to the degree of impact of the 

new innovation on trade performance, since a new innovation can entirely replace a former 

innovation or the replacement process may be gradual. 

The first approach divides the effect of innovation on trade into the extensive and 

intensive margin. Innovation affects the extensive margin positively because the addition of 

new products increases the number of products sold (Grossman and Helpman, 1989). 

Moreover, innovation also affects the intensive margin of trade28. As a result, firms can sell 

a higher quantity of products of better quality (Grossman and Helpman, 1991a) and with 

greater productivity (Eaton and Kortum, 2002, 2007), among other things. 

We now move to the second approach regarding the effect of R&D on trade, where 

R&D behaves as an investment. Grossman and Helpman (1995) carried out a crucial 

literature survey with a view to understanding the effect of innovation on trade. In their book 

chapter “Technology and Trade,” these authors consider different types of technology 

affecting trade, in which innovation is included as technology. They divide technology into 

four sections: exogenous technology, learning by doing, innovation and further topics. Each 

section contains a thorough review of the literature: In the specific case of innovation, 

Grossman and Helpman (1995) distinguish increasing specialization, knowledge stocks − 

which can be national and international − and quality ladders. We devote the following 

paragraphs to describing this group of innovation models, incorporating the subsequent 

literature and discussing further issues. 

Increasing specialization denotes how firms improve their trade specialization over 

time. Jones and Bhagwati (1970) emphasize how technological innovation can be improved 

over time as a consequence of a learning-by-doing process: A firm gains more experience in 

producing a good, and the experience gained in the production techniques increases 

27 Following Hummels and Klenow (2005), while the intensive margin reflects the quantity of goods, the 
extensive margin represents the set of goods sold. 
28 Readers interested in a full literature review on the effect of innovation on intensive margins are advised to 
see Cipollina et al. (2016). 
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productivity. Consequently, the improvement of knowledge due to R&D leads us to the 

concept of absorptive capacity: “a dynamic capability pertaining to knowledge creation and 

utilization that enhances a firm’s ability to gain and sustain a competitive advantage” (Zahra 

and George, 2002: 185). The effect of technological innovation on trade may be different 

because technological achievement can differ between countries (Marquez-Ramos and 

Martinez-Zarzoso, 2010). As a consequence, the learning process linked with innovation 

becomes a key factor in explaining trade flows.  

Following Grossman and Helpman (1995)’s classification, we define knowledge 

stocks. Knowledge stocks involve a firm benefiting from inherent external knowledge in 

trading. To this extent, we distinguish between two types of knowledge: international and 

national knowledge stocks. The most widely studied is the effect of international knowledge 

stocks on trade. Coe and Helpman (1995) define a basic framework for international 

knowledge stocks: If a country imports goods from a foreign country with a high level of 

technology-based knowledge, its productivity will be higher than in the case of importing 

goods from another foreign country with lower levels of technological knowledge. This is 

defined by Coe and Helpman (1995) as the “import composition effect,” where the formation 

of international R&D spillovers induces trade. Keller (1998) bases his approach on Coe and 

Helpman (1995) in defining a trade model with R&D-induced endogenous technological 

change in the presence of intermediate goods. However, it is important to take into account 

how the effect of knowledge spillovers may decay with long distances (Eaton and Kortum, 

1996, 1999) and thus dampen knowledge trade flows. Consequently, national knowledge 

stocks are the most realistic assumption, although sectors with a high technological content, 

such as computers, and the knowledge stocks generated by the regional leaders can overcome 

the problem of distance (Peri, 2003). 

Knowledge stocks affecting trade can also be local. According to Grossman and 

Helpman (1995), local-based learning implies different national experiences because local 

history can determine trade. At this local level, country size is a fundamental factor to be 

considered: Feenstra (1996) considers two countries of different size both innovating and 

trading simultaneously. Feenstra (1996) shows how trade serves innovative firms to satisfy 

demands in larger markets. Introducing competition means that innovative firms must 
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compete with other firms to survive in the market, so incentives to invest in R&D decrease. 

Firms located in larger countries have the ability to create new products quickly, but in small 

countries firms incur losses.  

Process innovation and quality ladders constitute the last set of models. Following 

Grossman and Helpman (1991b), we define a quality ladder when profit incentives for R&D 

cause a positive evolution in terms of progress and quality of products. Product quality is not 

uniform over time and innovation increases product quality. Jaimovich and Merella (2012) 

set a Ricardian north-south model of trade, where trade can lead to income divergence due 

to the existence of quality ladders between countries. 

We comment on a final set of models related to two types of innovation depending on 

their speed in replacing a former innovation: A new innovation can be radical, also known 

as “disruptive” (Christensen, 1997), because the new innovation completely replaces the old 

one in a short period of time. This type of innovation with a higher degree of substitutability 

across innovations is considered a “big ideas innovation” (Puga and Trefler, 2010). Radical 

innovations need to incorporate a greater degree of new knowledge and organizational 

abilities in order for them to be managed efficiently (Dewar and Dutton, 1986). This is in 

line with the consideration of ICTs as GPTs, because ICTs may present decreasing returns to 

scale in the initial phases (Helpman and Trajtenberg, 1998). 

The second type of innovation has to do with generating modest ideas over an existing 

product to survive in the market and hence maintain competitiveness: the incremental 

innovation defined by Puga and Trefler (2010). They derive a theoretical model of 

incremental innovation in low-wage countries and its effects on trade. Incremental innovation 

is the basis of achieving a comparative trade advantage. The introduction of a radical 

innovation may allow an extension of the Melitz (2003) model to be drawn, where innovation 

affects the reallocation of market shares. 

To sum up, we previously mentioned that ICT use affects innovation and, subsequently, 

innovation contributes to explaining trade patterns. Since the topic of innovation is very 

broad, we have considered three main classifications: trade margins, firms’ R&D investment 

behavior and the degree of impact of a new innovation. In all cases, we found a theoretically 
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positive effect of innovation on trade. Moreover, it is completely relevant to analyze 

innovation as an indirect channel of ICT use impacts on trade flows, despite the fact that it is 

not the main objective of this dissertation. 

4.4. Empirical evidence: a literature review 

This section does not pretend to be the literature review for the remaining chapters of the 

dissertation, given that every chapter has its own literature review adapted to the particular 

research objective. The purpose of this section is to provide a general overview of the 

empirical studies, so that we can detect the existing gaps in the literature. 

In Table 4.2, we provide an overview of the list of empirical studies about the effects 

of ICTs on trade. We classify them by the first author’s surname, year of publication, 

objective, data, time, variables, proxy for ICTs and the main results obtained. The references 

are sorted by year, and within the same year references are sorted by the first author’s 

surname. 
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Table 4.2. References summarized by author, year, objective, data, time, variables, proxy for ICT, field of analysis and results 

Author Year Objective Data Time Variables Proxy for ICT Results 

Freund and 

Weinhold (*) 
2002 

Study if Internet use has 

increased exports of 

services from United 

States 

31 

countries, 

14 

industries 

2000 

Bilateral exports (dep.), 

financial depth, ICT, 

GDP, population, 

distance, common 

language, adjacency 

Internet hosts 

Internet in foreign 

countries increases 

exports of services 

from United States 

Freund and 

Weinhold 
2004a 

Test how Internet 

affects international 

trade 

54 countries 

1995−1999 

(cross 

sections and 

panel) 

Bilateral exports (dep.), 

population, ICT, GDP 

rest of the world 

Internet hosts 
Internet increases 

trade 

Freund and 

Weinhold 
2004b 

Test Freund and 

Weinhold (2004a) 

model in the case of 

Bolivia 

56 countries 

1995−1997 

(cross 

sections) 

Bilateral exports (dep.), 

GDP, population, ICT, 

distance, adjacency, 

common language, 

colonial linkages, free 

trade agreements 

Internet hosts 

Positive relationship 

between Internet and 

exports, gains for 

Bolivia 

Fink et al. 2005 

Study the effect of 

communication costs on 

international trade 

Countries 1999 

Bilateral exports (dep.), 

distance, ICT, common 

border, common 

language 

Calling price and 

traffic 

Communication 

costs are more 

important for trade 

of differentiated 

products 

Márquez-Ramos 

and Martínez-

Zarzoso 

2005 

Show the effect of 

technological innovation 

on trade flows 

62 

developed 

and 

developing 

countries 

1999 

Bilateral exports (dep.), 

ICT, income, 

population, landlocked, 

island, level of transport 

infrastructure 

ICT index, based 

on technological 

achievement 

ICT variables are 

only significant for 

poorer countries 



Chapter 4: ICTs impacts on trade: Theoretical end empirical evidence 

 

 

©Ernesto Rodríguez Crespo    Page 145 of 342                                                                           

 

 

Author Year Objective Data Time Variables Proxy for ICT Results 

Clarke and 

Wallsten 
2006 

Check if Internet has 

increased exports, 

distinguishing the 

country level of income 

52 high-

income 

countries 

and 46 low- 

and middle-

income 

countries 

2001 

Bilateral exports (dep.), 

ICT, GDP, GDP per 

capita, distance, 

common border, EU, 

ASEAN, NAFTA 

Internet hosts 

Internet increases 

exports, especially 

from low- and 

middle-income 

countries to high-

income countries 

Clarke 2008 

Study if internet access 

increases exports at a 

firm level 

Firms from 

emerging 

countries 

1999 

Bilateral exports (dep.), 

Internet access, 

shareholding, enterprise 

controls, ICT, distance, 

WTO membership, EU 

membership, FDI, GDP 

and population 

Dummy variable 

based on firm and 

country 

characteristics, 

number of 

telephone lines 

Firms with access to 

Internet export more 

Roe and 

Wheatley 
2008 

Show the effect of ICT 

on US agricutural 

bilateral trade 

US and 

trading 

partners 

2003 

Bilateral trade (dep.), 

GDP, population, 

distance, common 

border, common 

language, free trade 

agreement. Two 

regressions with 

bilateral exports and 

imports as dependent 

variable are carried out 

Internet 

penetration 

The effect of 

Internet penetration 

is only positive and 

significant for 

imports 

Adjasi and 

Hinson (*) 
2009 

Study the effect of 

Internet use on African 

exports 

43 African 

countries 
1996−2006 

Bilateral exports (dep.), 

ICT, area, GDP, 

population, exchange 

rate 

Internet users 

Positive relationship 

between Internet and 

bilateral trade in 

Africa 
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Author Year Objective Data Time Variables Proxy for ICT Results 

Bojnec and 

Fertö (*) 
2009 

Test the effect of 

Internet on 

manufacturing export 

growth 

29 OECD 

countries 
1995−2003 

Bilateral exports (dep.), 

ICT, GDP, population, 

distance, exports in the 

initial year. Growth 

levels 

Internet users 

Internet increases 

exports and 

decreases the role of 

distance 

Demirkan et al. 2009 

Show the effect of ICT 

on exports under various 

measures of distance 

and the country 

economic mass 

175 

countries 
2005 

Total bilateral trade 

(dep.), GDP, ICT, 

distance, common 

border, colonial 

linkages, common 

language, shared 

colonizer 

Internet users 

The effect of 

Internet is greater for 

larger countries 

Jungmittag and 

Welfens 
2009 

Study whether the 

liberalization of 

telecommunications has 

increased trade within 

EU or not 

OECD 

countries 

1996 and 

1997 

Bilateral exports (dep.), 

GDP, distance, ICT, 

common language, EU 

membership 

Telephone minutes 

Higher international 

telecommunications 

volume increases 

trade in Europe 

Siddiqi and 

Vemuri 
2009 

Check if ICT use 

enhances international 

trade 

63 countries 1985−2005 

Bilateral exports (dep.), 

GDP, GDP per capita, 

ICT, distance, 

adjacency, common 

language, colonial 

linkages 

Telephone lines, 

personal computers 

and Internet users 

Positive and 

significant effect of 

Internet on exports 

Bojnec and 

Fertö (*) 
2010 

Check the effect of 

Internet on food 

industry trade 

29 OECD 

countries 
1995−2003 

Bilateral exports (dep.), 

ICT, GDP, population, 

distance, exports in the 

initial year. Growth 

levels 

Internet users 

Positive effect of 

Internet on food 

industry trade 

Choi (*) 2010 

Study if Internet 

increases trade in 

services 

151 

countries 
1990−2006 

Total trade (dep.), ICT, 

GDP, population, 

financial depth 

Internet users  
Internet increases 

trade in services  
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Author Year Objective Data Time Variables Proxy for ICT Results 

Márquez-Ramos 

and Martínez-

Zarzoso 

2010 

Measure the effect of 

technological innovation 

on sectoral exports 

13 

exporters 

and 167 

importers 

2000 

Bilateral exports (dep.), 

ICT, GDP, distance, 

member of trade 

agreements, landlocked, 

transport cost, common 

language, type of 

products 

ICT index, based 

on technological 

achievement 

Positive and 

nonlinear effect of 

technological 

innovation on 

exports 

Ahmad et al. 2011 

Show the impact of ICT 

infrastructure on 

Malaysian bilateral 

trade 

36 

Malaysian 

bilateral 

trade 

partners 

1980−2008 

Bilateral exports (dep.), 

ICT, relative 

endowment, distance, 

common border, 

landlocked 

Mobile and fixed-

line telephone 

subscribers, 

personal computers 

and Internet users 

ICT infrastructure 

enhances Malaysian 

trade 

Mattes et al. 2012 
Study the effect of ICT 

infrastructure on exports 

EU member 

states plus 

five major 

trading 

partners 

1995−2007 

Bilateral exports (dep.), 

GDP, distance, ICT, 

transport infrastructure 

ICT Development 

Index29 

Higher ICT 

endowments in both 

trading partners 

increase trade 

Portugal-Perez 

and Wilson 
2012 

Check the impact of 

various infrastructure 

indicators as trade 

facilitators for 

developing countries 

101 

developed 

and 

developing 

countries 

2004−2007 

Bilateral exports (dep.), 

border transport, 

business environment, 

ICT, infrastructure, 

tariffs, GDP, population, 

distance, landlocked, 

common colonizer, 

common language, 

common border, 

colonial relationship 

ICT index30  

Improvement of 

infrastructure quality 

enhances export 

growth 

                                                           
29 This index, created by the International Telecommunications Union (ITU), weights the following indicators: ICT readiness (infrastructure and access), ICT use 

(intensity) and ICT capability (skills). For more information regarding the index definition, indicators weighting and methodology, check the following web page: 

http://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2015/methodology.aspx 
30 This index includes the following weighted indicators: availability of latest ICT, level of technology absorption, business Internet use and government 

prioritization of ICT. 

http://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2015/methodology.aspx


 Chapter 4: ICTs impacts on trade: Theoretical end empirical evidence 

 

 

Page 148 of 342                                                                    ©Ernesto Rodríguez Crespo  
 

Author Year Objective Data Time Variables Proxy for ICT Results 

Timmis 2012 

Study the relationship 

between Internet and 

trade in goods 

OECD 

countries 
1990−2010 

Bilateral exports (dep.), 

ICT, distance, GDP, 

common language, 

colonial linkages, 

adjacency, common 

currency, FTA 

Internet users and 

broadband (fixed 

subscribers and 

percentage of 

subscriptions), 

mobile phones, 

computers and 

telephone lines 

Country pairs with 

higher Internet 

adoption increase 

bilateral trade using 

ICT 

Antimiani and 

Constantini 
2013 

Study the impact of 

technological innovation 

on trade differentiating 

by sectors 

EU-15 

exporting 

member 

states and 

145 

importers 

1996−2007 

Bilateral exports (dep.), 

common border, colony, 

distance, landlocked, 

mass, similarity, 

endowment, enlarged 

EU, ICT, extensive and 

intensive trade margins  

Technological 

innovation, 

proxied by the 

stock of 

knowledge 

Positive role of 

technological 

innovation in the 

explanation of trade 

dynamics 

Chung et al. 2013 

Study the impact of ICT 

on international trade in 

fruit and vegetables for 

APEC countries 

APEC 

countries 
1997−2006 

Bilateral exports (dep.), 

population, GDP, 

distance, oil exporter, 

ICT, mobile, fixed 

telephone, similarity, 

factor endowments, 

dummies of interactions 

between ICT variables 

and distance 

Fixed telephone, 

Internet users and 

mobile phones 

Fixed telephone and 

Internet increase 

exports 

Fukushima and 

Kurihara 
2013 

Study the effect of 

Internet on international 

trade for Asian countries 

34 

advanced 

economies 

and 24 

countries 

from 

developing 

Asia 

2005 and 

2010 

Bilateral trade (dep.), 

GDP, ICT, distance 
Internet hosts 

ICT has increased 

international trade 
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Author Year Objective Data Time Variables Proxy for ICT Results 

Liu and Nath (*) 2013 

Show the effect of ICT 

on international trade in 

the case of emerging 

countries 

40 

emerging 

countries 

1995−2010 

Total trade (dep.), ICT, 

population, GDP per 

capita. Other regression 

is performed with 

imports as dependent 

variable 

International 

Internet 

bandwidth, 

Internet 

subscriptions, 

telecom investment 

growth and 

number of Internet 

hosts  

ICT use increases 

emerging countries’ 

bilateral trade 

Biswas and 

Kennedy 
2014 

Study the effect of 

Internet on trade for 

agricultural and 

nonagricultural products 

120 

countries 
2006−2010 

Total trade (dep.), ICT, 

population, GDP, 

distance, landlocked, 

island, language, 

colony, border, income, 

exchange rate, tariff, 

export and import trade 

costs 

Internet users 

The effect of 

Internet is positive 

and significant, but 

greater for 

nonagricultural 

goods 

Yushkova 2014 

Check the impact of 

ICT on trade by 

different technology 

groups 

40 OECD 

countries 
2011 

Bilateral exports (dep.), 

GDP, distance, ICT, 

colonial linkages, 

common border, 

common language 

Index for Internet 

business use 

Positive effect of 

Internet on exports 

Bensassi et al. 2015 

Study the effect of 

logistics infrastructure 

on trade 

19 Spanish 

regions and 

64 

destinations 

2003−2007 

Bilateral exports (dep.), 

GDP, distance, ICT, 

common language, 

border with France, 

border with Portugal, 

coastal region, 

intraregional trade, free 

trade agreement, 

facilities per region, 

logistics surface area, 

capital stock in public 

infrastructure 

Regional capital 

stock of ICT 

The number, size 

and quality of export 

logistics increases 

trade flows 
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Author Year Objective Data Time Variables Proxy for ICT Results 

Hagsten 2015 

Study the effect of ICT 

on exports under 

microdata 

Firms from 

14 countries 
2010 

Prior exporting 

experience (dep.), sunk 

costs, labour 

productivity, capital-

labor ratio, firm size, 

age and ownership 

Having a website, 

proportion of 

broadband 

Internet-enabled 

employees and e-

sales  

There exists a 

microeconomic 

relationship between 

ICT and exports, and 

it varies per country 

Lendle and 

Vézina 
2015 

Study if online 

platforms foster trade 

Firms from 

21 

emerging 

countries 

2006−2011 

Bilateral exports (dep.), 

distance, shared border, 

common language, 

colonial link, free trade 

agreement, common 

legal system, common 

currency 

Decomposition of 

dependent variable 

in online and 

offline export 

values 

Online firms export 

more than offline 

firms 

Lin 2015 

Estimate if Internet 

affects international 

trade 

200 

countries 
1990−2006 

Bilateral exports (dep.), 

Internet, GDP per 

capita, population, 

distance, common 

language, shared border, 

landlocked, island, 

colony, RTA 

Internet users  

Internet use benefits 

exporter country and 

importer country 

Tay 2015 

Check if Internet 

increases trade in 

education 

United 

States and 

189 partner 

countries 

2000−2012 

Bilateral exports (dep.), 

ICT, GDP, population, 

common language 

Internet users and 

broadband  

The impact of 

Internet on trade in 

education is higher 

for larger countries 

Kneller and 

Timmis 
2016 

Study how broadband 

use impacts on the firm-

extensive margin of UK 

service exports 

46,720 

firms from 

UK 

2000−2005 

Bilateral exports (dep.), 

ICT (t, t+1 and t+2), 

foreign (t-2), age, 

multiplant (t-2) 

ADSL: broadband 

and narrowband 

There is no causal 

evidence from 

Internet use on 

services trade as a 

whole, but causal 

evidence is found in 

the case of business 

services  
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Author Year Objective Data Time Variables Proxy for ICT Results 

Lendle et al. 2016 

Study if eBay use has 

motivated the death of 

the distance 

40 product 

categories 

among 61 

countries 

2004−2009 

Bilateral exports (dep.), 

no common legal 

system, no colony, no 

common language, no 

border and no FTA 

Distinguish trade 

by total trade and 

trade within eBay 

The use of eBay 

reduces the distance 

effect on trade 

Abeliansky and 

Hilbert 
2017 

Test the differential 

effect of 

telecommunications 

quality and quantity on 

international trade 

122 

countries 
1995−2008 

Bilateral exports (dep.), 

ICT, GDP, population, 

distance, regional trade 

agreements, common 

currency, common legal 

origin, former colony 

and common language 

Data subscriptions 

per capita 

(quantity) and 

bandwith data 

speed per 

subscription 

(quality) 

Quality is more 

important for 

developing 

countries, while 

quantity is more 

important for 

developed countries 

Liu and Nath (*) 2017 

Study how ICT 

development affects 

exports, imports and 

total trade in services 

49 countries 2000−2013 

Trade variable (dep.), 

GDP per capita and 

population 

Aggregate 

indicator similar to 

IDI 

ICT use is more 

important than 

access and skills to 

explain trade in 

services 

Wang and Li (*) 2017 

Study if cross-country 

differences affect the 

ICT impacts on trade 

152 

countries 

and 86 

industries 

2013 

Export value (dep.), 

ICT, task complexity, 

skill and capital 

intensity, human capital 

and physical capital 

ICT Development 

Index, fixed 

telephone, Internet 

users and 

broadband 

The impact of ICTs 

on trade is higher for 

industries using 

ICTs more 

intensively 

Xing 2017 

Study the effect of ICT 

and e-commerce on 

trade flows 

21 

developing 

countries 

and 30 

OECD 

countries 

2013 and 

2014 (cross 

sections and 

panel) 

Bilateral exports (dep.), 

ICT, market size, GDP 

per capita, distance, 

common border, 

common language, past 

colony, shipping cost 

Fixed telephone, 

mobile telephone, 

Internet users, 

broadband, 

Internet security, 

business-to-

business, business-

to-consumer use 

Both ICT and e-

commerce present 

positive and 

significant effects on 

bilateral trade flows 
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Author Year Objective Data Time Variables Proxy for ICT Results 

Ozcan 2018 
Check the effect of ICT 

on trade for Turkey 

Turkey and 

34 trade 

partners  

2000−2014 

Bilateral exports (dep.), 

ICT, GDP, population, 

distance, common 

language, common 

border, former colony, 

free trade agreements, 

landlocked, island 

ICT access, ICT 

use and ICT skills 

indices 

ICT affects both 

exports and imports 

positively, but 

effects for imports 

are larger than for 

exports 

Source: author’s own elaboration according to the literature checked in the source. Notes: all the studies previously reported implement a gravity model of bilateral 

trade as a methodological tool, to which we devote Chapter 5, with the exception of the studies denoted by (*) close to the authors’ names: these studies use the 

total exports as dependent variable and the methodology cannot be considered a gravity model, but its structure is close to the gravity framework. (dep.) denotes 

that the precedent variable is the dependent one, while the following variables are considered the explanatory ones. All the studies are sorted by year and, 

additionally, by first author’s surname within the same year. ICT variables are measured as a percentage of the population. I would like to express my gratitude to 

Margarita Billon for her help in finding references. 
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A number of the studies previously cited analyzed the effect of ICT on a bilateral trade 

framework. In this framework, ICT becomes a trade costs component together with other 

geographical and institutional determinants. The consideration of these determinants is 

fundamental to capturing the impact of trade barriers. 

We go on to mention the main findings detected. These findings will contribute to 

defining the research gaps, which will be covered in this dissertation. We organize this 

discussion into three separate topics: the type of data, the time period and the variables. 

With regard to the time period, we find that until 2010 all the studies, with three specific 

exceptions (Adjasi and Hinson, 2009; Bojnec and Fertö, 2009; Vemuri and Siddiqi, 2009), 

are cross-sectional based. As previously mentioned, cross-sectional data impede the capture 

of the different growth rates for ICT over time, which originates an asymmetric diffusion 

curve. From 2010, we find that a large number of studies use panel data techniques. This 

implies a greater accuracy in the context of ICT diffusion but the time periods used are not 

close to the current period, which is the one registering the highest ICT diffusion rates. The 

only exceptions are Tay (2015), whose study covers the time period 2000−2012, but only for 

US trade in services, and Liu and Nath (2017), who consider the time period 2000−2013 but 

focus on trade in services. Other authors consider the periods 2013 and 2014, but in a cross-

sectional context (Wang and Li, 2017; Xing, 2017) or in panel data, but restricted to exports 

from Turkey (Ozcan, 2018). To sum up, the implementation of panel data has resulted in 

studies with recent time periods, but they only focus on a specific context, such as trade in 

services or exports from a single country, or are cross-sectional based. As a consequence, the 

implications of the highest diffusion rates of ICT in the current period are not currently being 

captured. 

In terms of the type of data used, we find that the country-level data is the reference for 

the analysis. As expected, the statistics at a country level present a higher degree of 

availability and international institutions tend to elaborate their indicators at a country level. 

Only a few studies consider OECD countries as a whole (Bojnec and Fertö, 2009; Jungmittag 

and Welfens, 2009; Bojnec and Fertö, 2010; Timmis, 2012) or a large sample of countries 
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including the OECD ones (Vemuri and Siddiqi, 2009; Lin, 2015; Abeliansky and Hilbert, 

2017). As previously mentioned, studies at a country level tend to consider exports in a 

specific context, such as agricultural products (Roe and Wheatley, 2008; Chung et al., 2013; 

Biswas and Kennedy, 2014) or services (Choi, 2010; Tay, 2015), or exports from specific 

countries (Ahmad et al., 2011; Antimiani and Constantini, 2013; Fukushima and Kurihara, 

2013). This, combined with the time periods, requires the implementation of studies with 

country-level data for a representative sample of countries and not restricted to exports from 

a single country. It is necessary to capture all trade flows in order to not incur any potential 

problems of missing trade. 

As well as the country level, a few authors have addressed the ICT impacts on trade at 

a firm level (Clarke, 2008; Hagsten, 2015; Lendle and Vézina, 2015; Kneller and Timmis, 

2016). Firm- and plant-level data are the most accurate in reality, but statistics with firm-

level data are very scarce. At a regional level, only Bensassi et al. (2015) have studied ICT 

impacts on trade, but for exports from Spanish to EU regions. 

With regard to the ICT variables, we find that studies have focused on usage variables, 

especially the Internet, but as a single technology (Freund and Weinhold, 2002, 2004a, 

2004b; Clarke and Wallsten, 2006; Bojnec and Fertö, 2009; Biswas and Kennedy, 2014; Lin, 

2015, among others). A few authors have empirically contrasted other variables different 

from the Internet, but these studies are very scarce. Some authors introduce mobile phones 

as explanatory variables, but in the context of exports from specific regions (Ahmad et al., 

2011) or products (Chung et al., 2013). As regards broadband, the studies have focused on 

exports for services (Liu and Nath, 2013; Tay, 2015), at a firm level (Kneller and Timmis, 

2016), in a cross-sectional context (Wang and Li, 2017) or in periods with lower ICT 

diffusion (Timmis, 2012). To sum up, studies tend to focus on the Internet and, with a few 

exceptions, ignore the effects of mobile phones and broadband, which are variables with an 

increasing importance nowadays. 

In contrast, other authors consider a representative number of ICT variables in an 

aggregate index. These studies follow the same pattern previously mentioned and the authors 

focus on cross-sectional contexts (Márquez-Ramos and Martínez-Zarzoso, 2005 and 2010; 
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Wang and Li, 2017), exports from specific regions or countries (Mattes et al., 2012; Ozcan, 

2018) or short time periods not close to the current period (Portugal-Perez and Wilson, 2012). 

After presenting an overview of the existing literature of ICT on trade, we go on to 

mention the three gaps that we have detected in the literature. In line with Sections 

2.3.1−2.3.3, we organize these gaps into three disparities in ICT diffusion: by levels of 

development, by types of ICT and by regions31. 

The first gap refers to the different impacts of ICTs on trade depending on levels of 

development. In a bilateral trade framework, not controlling the different country 

development levels leads to the assumption that digitalization levels are similar across 

countries, but as pointed out in Section 2.3.1, this is not consistent with reality because 

digitalization levels change across countries. As a consequence, there exists a digital divide 

that must be taken into account when evaluating the effects of ICTs on trade. The literature 

does not often distinguish levels of development, but there are a few exceptions. Some of 

these studies are cross-sectional based (Márquez-Ramos and Martínez-Zarzoso, 2005; Clarke 

and Wallsten, 2006), while we can only find one study using panel data but not covering the 

most recent period of ICT diffusion (Abeliansky and Hilbert, 2017). We cover the effects of 

ICTs on trade distinguishing by development levels, but, in contrast to Abeliansky and 

Hilbert (2017), we consider not only a time period closer to the current one, but we also take 

into account a methodological shortcoming and mitigate the presence of endogenous ICT32. 

In Chapter 6, we analyze the impacts of ICTs on trade considering differences in the levels 

of economic development. 

The second gap refers to the type of ICT variables used for the analysis. As previously 

mentioned, studies have traditionally focused on the Internet as the explanatory variable for 

ICT, while little attention has been paid to mobile phones and broadband. We acknowledge 

the importance of mobile phones and broadband in the context of developing countries and 

the existence of differences not only in the diffusion curve, but in usage patterns for each 

31 As previously mentioned at the beginning of this section, this is a mere overview of the literature. The 
existence of a gap is not only important, but a conceptual framework. Readers are advised to look at Section 
1.2 and each one of the three chapters 6−8 for a full conceptual framework and literature review. 
32 See Section 5.4.2 for more information about the presence of endogeneity. 
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technology33. In this context, an aggregate index cannot capture the aforementioned 

differences and it becomes relevant to analyze the effect of these technologies separately 

rather than jointly. Only Wang and Li (2017) consider Internet users, mobile phones and 

broadband, but in a cross-sectional context. Other authors consider mobile phones and 

broadband as explanatory variables. For the case of mobile phones, studies are restricted to 

the context of agricultural trade (Chung et al., 2013) or exports from a specific region (Ahmad 

et al., 2011). Studies using broadband follow the same pattern and are restricted to 

determinate sectors (Liu and Nath, 2013) or are done at the firm level (Hagsten, 2015; Kneller 

and Timmis, 2016). Hence, it becomes relevant to study these three variables and their effects 

on trade in the context of panel data, which allows the heterogeneity in the diffusion patterns 

to be captured, with a special emphasis on the current periods of highest ICT diffusion. We 

devote Chapter 7 to the effect of different types of ICTs on trade. 

Finally, we find another gap referring to the territorial level of analysis. The studies 

consider the country level as a reference, but the country level does not capture the additional 

impacts of location, spatiality and proximity relations between firms. Given the importance 

of these factors, it is relevant to analyze the effects of ICTs on trade at a regional level, but 

empirical studies have not addressed this. The only exception, as pointed out before, is 

Bensassi et al.’s (2015) analysis of exports from Spanish regions. We devote Chapter 8 to 

analyzing the effect of ICTs on trade at a regional level in the context of European regions. 

In conclusion, in this section we have demonstrated the existence of a theoretical 

positive relationship between ICT and trade. This relationship is rooted in the presence of 

decreasing trade costs because of the introduction of ICT. In addition, we have reviewed the 

empirical evidence about ICT and trade and seen how empirical studies have not considered 

the implications concerning the disparities in ICT diffusion rates. In this dissertation, we 

introduce these disparities in the empirical relationship between ICT and trade. 

33 See Sections 2.3.1 and 2.3.2 for the importance of mobile phones and broadband in the context of 
developing countries. 
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Chapter 5: Empirical model: the gravity model of 

trade 

In Chapters 2−4 we described both the theoretical and the empirical framework regarding the 

effects of ICTs on trade. All the articles share a common insight: They focus on a bilateral trade 

framework that identifies an origin and a destination of trade flows. We devote this section to 

addressing the empirical methodology used to study the effect of ICT on bilateral trade: the 

gravity model of trade.  

This chapter comprises the following elements: a brief introduction to gravity models 

(5.1), trade costs specification in the gravity equation (5.2), a derivation of the baseline gravity 

equation (5.3) and the main problems of the empirical relationship between ICTs and trade 

using the gravity equation (5.4). 

5.1. Gravity models: background 

In the light of the effect of ICTs on trade, we are interested in finding a suitable methodology 

for studying trade integration as a key objective. Consequently, different factors, where we can 

introduce ICT, may affect trade integration positively or negatively. 

According to Cuenca-García et al. (2013), there are two types of methodologies for 

studying economic integration: on the one hand, ex ante methodologies based on the simulation 

driven by partial and general equilibrium models, while on the other, ex post methodologies 

allow the real effects of economic integration to be estimated econometrically. We base this 

dissertation on the gravity equation of bilateral trade as the principal methodology, an ex post 

methodology classified by Cuenca-García et al. (2013). Gravity models allow the effects of ICT 

on trade to be explained and we can obtain a coefficient denoting the specific effect of ICTs on 

trade. We can distinguish separate effects for exporter and importer countries.  

The gravity equation has successfully explained bilateral trade flows since the second half 

of the twentieth century and has progressively incorporated advances in international trade 

theory. Despite focusing only on a bilateral framework, this ex post methodology enables 

evaluation of the real effect of political and institutional determinants on bilateral trade, among 
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other factors. We augment the gravity equation with additional variables, where we introduce 

ICTs, and this allows us to quantify directly the effect of ICTs on bilateral trade. 

We depart from the Law of Physics proposed by Newton (1729), which states that the 

force of attraction between two planets is directly proportional to the product of their masses 

and inversely proportional to the square of the distance that separates these two planets. Based 

on Newton’s initial intuition, Tinbergen (1962) and Poyhonen (1963) applied this framework 

to economics: Bilateral trade flows between two countries are an increasing function in terms 

of country size and decreasing in terms of the bilateral distance that separates the countries. 

This intuitional relationship is known as the basic gravity model of trade. We show the 

relationship as follows: 

𝑋𝑖𝑗 =  
𝑌𝑖𝑌𝑗

𝐷𝐼𝑆𝑇𝑖𝑗
 (1) 

where subscripts i and j denote exporter and importer country, respectively. 𝑋𝑖𝑗 denotes bilateral 

exports from i to j, 𝑌𝑖𝑌𝑗 is the income product of i and j and 𝐷𝐼𝑆𝑇𝑖𝑗 refers to the bilateral distance 

that separates i and j. This equation can be easily log-linearized, which we show as follows: 

ln 𝑋𝑖𝑗 =  𝛽0 +  𝛽1 ln 𝑌𝑖 + 𝛽2 ln 𝑌𝑗 + 𝛽3 ln 𝐷𝐼𝑆𝑇𝑖𝑗   (2) 

These initial gravity models were subject to criticism due to the lack of a consistent 

theoretical framework behind the specification. This problem was solved from the late 70s, 

when several authors started to derive gravity equations that were consistent with theory: 

Anderson (1979) developed a model of Constant Elasticity of Substitution between local and 

imported varieties. Bergstrand’s (1985, 1989) gravity model involved a general equilibrium 

framework and factor proportion theory, respectively. Deardoff’s (1998) gravity equation was 

theoretically consistent with the aforementioned HO model of trade. According to Evenett and 

Keller (2002), the success of the gravity equation relies on the fact that it can be derived from 

both Hecksher-Ohlin and the increasing returns model from new trade theory. Consequently, 

gravity models can easily adapt to the advances in international trade theory. 

The other major problem with gravity equations is that they rely on the assumption of a 

bilateral framework, which implies ignoring the effect of third countries on the bilateral 

relationship. Consider a third country k that maintains a trade relationship with i and j. Country 

k may implement trade policies such as lower tariffs or protectionism measures that might 
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affect, either positively or negatively, the bilateral relationship between i and j. This third-

country effect is known in the gravity framework as “multilateral resistance terms” (henceforth, 

MRTs) and they are a pivotal element of the gravity equation (Head and Mayer, 2014; Yotov 

et al., 2016). The omission of multilateral resistance is considered by Baldwin and Taglioni 

(2007) to be a gold medal mistake. 

Anderson and Van Wincoop (2003) develop a gravity equation that solves both problems: 

the lack of theory and MRTs. These authors derive a gravity equation consistent with the 

Constant Elasticity of Substitution theory that can easily be estimated. Apart from that, the 

authors introduce explicitly multilateral resistance terms, which implies that the third-country 

effect is taken into account in order to explain bilateral trade flows. 

We move on to show the gravity equation proposed by Anderson and Van Wincoop 

(2003): 

𝑋𝑖𝑗 =
𝑌𝑖𝑌𝑗

𝑌𝑤
(

𝑇𝑖𝑗

Π𝑖Π𝑗
)

1−𝜎

 (3) 

where 𝑋𝑖𝑗 denotes bilateral exports from i to j. 𝑌𝑖𝑌𝑗 is the income product of countries i and j in 

relation to the world income (𝑌𝑤). On the right-hand side of the equation we find crucial

elements such as the bilateral trade cost between i and j (𝑇𝑖𝑗) and the product of the multilateral 

resistance terms (MRTs) (Π𝑖Π𝑗) referring to i and j. MRTs can be defined as third-country 

factors potentially affecting the bilateral trade relationship between i and j. Finally, 𝜎 is a 

parameter that denotes the constant elasticity of substitution between local and imported 

product varieties. In gravity models, 𝜎 is assumed to be greater than 1. 

5.2. Trade costs specification in the gravity equation 

Gravity models have specified trade costs, with the introduction of potential trade barriers. 

These trade barriers include institutional and geographical determinants that affect the bilateral 

trade relationship. ICTs, the policy variable for this dissertation, are one of the components of 

trade costs. In addition to that, we consider an additional list of potential trade barriers: distance, 

the existence of a common currency, institutions, trade agreements and adjacency. For Frankel 

(1997), these variables are the baseline in explaining bilateral trade costs in the gravity equation. 
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Distance is already considered at the basic gravity models of trade. In Chapter 4, which 

is devoted to the theoretical framework, we analyzed the importance of distance in topics such 

as distance as the only component of iceberg transport cost and the death of the distance, among 

others. With this framework, we can establish a positive relationship between trade costs and 

distance: A greater distance necessarily implies incurring larger transport costs, so trade costs 

are higher (Anderson and Van Wincoop, 2003, 2004; Yushkova, 2014, among others). 

Institutions play an important role in explaining trade flows because they determine the 

comparative advantage of trade (Nunn and Trefler, 2014). A higher institutional quality is 

related to inclusive institutions increasing trade flows (Alvarez et al., 2018). Historical cases 

such as the Atlantic trade from Western Europe after 1500 (Acemoglu et al., 2005) show that 

institutional changes have too much of an impact on trade patterns. According to Rodrik (2011), 

institutions reduce transaction costs due to the existence of colonial legacies. Whatley (2014) 

reinforces this statement by showing how, in the case of Africa, the pre-colonial political 

customs transferred to the post-colonial era and still survive today. Apart from affecting trade 

costs, as previously mentioned in Section 2.3.1, institutions actually emerge as a potential 

element correlated with ICT (Billón et al., 2009, 2010)34, whose omission may lead to biased 

results.  

As a consequence of this, the impact of institutions on trade cost depends on the type of 

institutions considered. We follow Acemoglu and Robinson (2012) and distinguish two types 

of institutions: Inclusive economic institutions imply better access to technology, education and 

contracts compliment, while extractive economic institutions only benefit a minority of people 

linked to elites. Extractive economic institutions therefore necessarily imply the existence of 

trade barriers. In accordance with this statement, we establish a link between institutions and 

trade: Good-quality inclusive institutions decrease trade costs and increase trade flows 

(Levchenko, 2007; Nunn, 2007) and bad-quality extractive institutions increase trade costs and 

dampen trade (Anderson and Marcouiller, 2002; Segura-Cayuela, 2006; Cowan and Neut, 

2007; Tadei, 2014).  

Among all the types of economic institutions, we particularly focus on the effects of 

colonial institutions on trade for our analysis: The existence of former empires determines 

developing countries’ trade relationships via colonial linkages (Head et al., 2010). Also, the fact 

of sharing a common language emerges as an institutional legacy and increases trade (Melitz, 

34 See the conceptual framework. 
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2008; Melitz and Toubal, 2014; Ginsburgh et al., 2017). This is the reason why it is necessary 

to consider the common language and colonies as a part of trade costs. 

Economic integration is another important factor in understanding the effects of ICTs on 

trade costs. Trade integration may happen through different stages: free trade agreements and, 

as a further step, monetary union. One of the concepts emphasized in the definition of 

globalization presented by De la Dehesa (2007: 19) is the “increasing integration of goods and 

services markets,” and trade liberalization plays a fundamental role in this. In terms of trade 

agreements, evidence shows that NAFTA, ASEAN and the EU represent a high percentage of 

world trade flows. Economic integration agreements have decreased until eliminating ad 

valorem tariff rates and reduced fixed export costs (Baier et al., 2015). Several authors have 

demonstrated how economic integration agreements membership increases trade (Frankel et 

al., 1995; Rose, 2004; Baier and Bergstrand, 2004, 2007; Baier et al., 2007, 2014; Florensa et 

al., 2013, 2015a, 2015b). 

We now focus on the last step of the theory of economic integration: monetary union 

Trade costs are a decreasing function in sharing a common currency with other countries. When 

two countries adopt the same currency, they tend to concentrate trade relations because the 

uncertainty linked to transactions decreases. Alesina et al. (2003) state that gains from trade are 

higher when countries share the same currency. Alesina and Barro (2002) demonstrate that 

when two countries adopt the same currency, iceberg trade costs decrease, and De Grawe (2016) 

defines the reduction in transaction costs as one of the benefits of currency unions. Although 

there are different types of currency unions35 that pose different implications for economic 

policy, several authors have pointed out the positive effect of currency unions on bilateral trade 

flows (Alesina et al., 2000; Alesina and Spalaore, 2002; Glick and Rose, 2002, 2015; Baldwin, 

2006; Baldwin and Taglioni, 2007; Frankel, 2010; De Sousa, 2012; Camarero et al., 2013). 

The last component of trade costs is adjacency. We previously explained how distance 

increases trade costs by raising transport costs due to the shipment and time involved in the 

transportation process. In accordance with this statement, larger distances imply higher trade 

costs. Adjacent countries that share a common border tend to enjoy a greater export share than 

35 We distinguish between the European Monetary Union scheme, where countries share the same currency and 
coordinate monetary policies (Optimal Currency Area), and other currency areas such as currency boards or 
crawling pegs. 
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other partners due to the saving in trade costs (Hummels, 2001; Anderson and Van Wincoop, 

2004; Bergstrand and Egger, 2010, among others). 

In conclusion, we have explained the main components of trade costs in the gravity 

equation. These components are introduced in addition to ICTs, the main purpose of our 

analysis. These variables must be incorporated in the gravity equation to reduce endogeneity 

bias. In Section 5.3, we derive the standard gravity equation. 

5.3. Derivation of the baseline gravity equation augmented with ICT 

We base our approach on the factors expressed in 5.2 that potentially affect trade costs, as well 

as equation 3 inspired by Anderson and Van Wincoop (2003), to derive a log-linear gravity 

equation. We include the factors previously described in the empirical studies regarding the 

effect of ICT and exports, considered as the main explanatory variables by the literature: 

𝑡𝑖𝑗𝑡(𝑓𝐸 , 𝑓𝑋) = 𝑓𝐸 +  𝑓𝑋 =  𝑡𝑖𝑗𝑡(𝑓𝑋) = 𝐼𝐶𝑇𝑖𝑡
𝛽1𝐼𝐶𝑇𝑗𝑡

𝛽2𝐷𝐼𝑆𝑇𝑖𝑗
𝛽3exp (𝛽4𝐴𝐷𝐽𝑖𝑗 +  𝛽5𝐶𝑂𝐿𝑖𝑗 +

𝛽6𝐶𝑂𝑀𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽7𝑅𝑇𝐴𝑖𝑗𝑡)     (4)  

The trade costs function at time t (𝑡𝑖𝑗𝑡) relies on two components: first, all the endogenous 

costs related to transactions (𝑓𝐸), which we previously mentioned in Chapter 4. Due to the fact 

that these costs are unobservable, the function only depends on bilateral trade factors’ ceteris 

paribus transaction costs. We go on to describe the variables: 𝐼𝐶𝑇𝑖𝑡 and 𝐼𝐶𝑇𝑗𝑡 refer to ICT in 

exporter and importer locations36 in year t, respectively. 𝐷𝐼𝑆𝑇𝑖𝑗 is the bilateral distance that

separates locations i and j. We also include controls for the following factors distributed under 

an exponential functional form: 𝐴𝐷𝐽𝑖𝑗  takes a value of 1 if both locations share a common 

border and 0 otherwise, 𝐶𝑂𝐿𝑖𝑗 takes a value of 1 if both locations share past colonial linkages 

and 0 otherwise, 𝐶𝑂𝑀𝐿𝐴𝑁𝐺𝑖𝑗 takes a value of 1 if both locations share a common language, 

and finally, 𝑅𝑇𝐴𝑖𝑗𝑡 takes a value of 1 if both locations are members of a regional trade 

agreement in year t. 

We take logarithms in equation 3 and implement the following changes: First, we 

consider world income unitary, such as 𝑌𝑤 = 1, because it is more useful in quantifying the

36 We use locations in a generic way, given that we focus on both countries and regions. The purpose of this 
section is to derive a generic gravity equation. 
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effect of locations’ income. Second, we need to find proxies for the following variable: income, 

which we proxy with GDP. We also need to proxy MRTs, which are unobservable by definition. 

In accordance with Feenstra (2004), among the different alternatives for proxying MRTs37, 

controls for exporter and importer country are the most appropriate38.  

We begin by measuring MRTs in a standard approach first introduced by Matyas (1997), 

which has influenced subsequent papers (Biswas and Kennedy, 2014; Tay, 2015). This 

approach consists of measuring MRTs by introducing exporter, importer and time effects 

separately. We apply these changes and plug the trade cost expression (4) in (3). The final result, 

to be considered as our baseline gravity equation, is as follows (5): 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln 𝐼𝐶𝑇𝑖𝑡 + 𝛽2 ln 𝐼𝐶𝑇𝑗𝑡 +  𝛽3 ln 𝐺𝐷𝑃𝑖𝑡 + 𝛽4 ln 𝐺𝐷𝑃𝑗𝑡 + 𝛽5 ln 𝐷𝐼𝑆𝑇𝑖𝑗

+ 𝛽6𝐴𝐷𝐽𝑖𝑗 +  𝛽7𝐶𝑂𝐿𝑖𝑗 + 𝛽8𝐶𝑂𝑀𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽8𝑅𝑇𝐴𝑖𝑗𝑡 + 𝜆𝑖 + 𝜇𝑗 + 𝜈𝑡

+  휀𝑖𝑗𝑡    (5) 

We describe the additional variables at (5). 𝜆𝑖, 𝜇𝑗 and 𝜈𝑡 are controls for exporter, 

importer and time effects, respectively, and 휀𝑖𝑗𝑡 denotes the error term. In conclusion, this would 

be the standard and traditional way to model MRTs. We devote Section 5.4.3 to discussing the 

accuracy of the expression presented in (5) in explaining MRTs in a relevant way to address 

the policy issues. 

5.4. Problems concerning the empirical relationship between ICT and trade 

In this section, we refer to the common problems in the gravity equation. These problems affect 

the empirical relationship between ICTs and trade and must be taken into account to avoid 

flawed results. We mention the main problems: zeros in the dependent variable (5.4.1), 

endogeneity (5.4.2), structural gravity and multilateral resistance terms (5.4.3). To sum up, we 

review the main insights from the previous sections in Section 5.4.4, where we explain how the 

authors studying the effects of ICTs on trade have tackled these problems. 

37 Price indices, a computational method proposed by Anderson and Van Wincoop (2003), and fixed effects are 
the three alternatives. 
38 Feenstra (2004) focuses on a context of cross-sectional data and does not mention the proper selection of 
control variables to explain MRTs in a context of panel data, although exporter and importer time can be the 
preferred alternative. 
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5.4.1. Zeros in the dependent variable 

The first problem is not directly related to ICT as the explanatory variable, but to the dependent 

variable. Linearizing the gravity equation requires taking logarithms. Trade flows can reach the 

value of zero and the mathematical logarithm is not defined in the case of zero. This situation 

originates a problem of missing trade flows, and trade flows with zero values are expelled from 

the regressions. Evenett and Venables (2002) suggest the interpretation of zero values in the 

dependent variable. 

The literature has considered different ways to overcome this problem of zeros. The first, 

and the most intuitive, is to omit trade flows containing zero: This alternative enables the 

provision of robust evidence about the issue of taking logarithms (Burger et al., 2009), but it 

originates a signaling problem due to the omission of trade flows with low values (Eichengreen 

and Irwin, 1998).  

The second strategy consists in adding one point to trade flows containing zero 

(Linnemann, 1966; Bergeijk and Oldersma, 1990). The main problem is that this strategy yields 

biased coefficients, because adding one changes significantly the sample of trade flows and 

may flaw results.  

The third strategy is the best known in the gravity literature: the implementation of a 

Poisson pseudo-maximum likelihood estimator (henceforth, PPML) as suggested by Santos-

Silva and Tenreyro (2006). The basic expression of the PPML estimator is as follows (Burger 

et al., 2009): 

𝑌𝑖𝑗 = exp(𝛽0 + 𝛽1𝑋𝑖𝑗 + 𝛾𝑖 + 𝜇𝑗)  (6) 

where 𝑌𝑖𝑗 stands for the dependent variable and 𝑋𝑖𝑗 is the set of bilateral explanatory variables. 

𝛾𝑖 and 𝜇𝑗 denote exporter- and importer-specific effects. However, PPML entails a problem of 

interpreting coefficients and, according to Burger et al. (2009), it assumes dispersion to be 

equally distributed but conditional variance tends to be larger than the conditional means. This 

originates a problem of overdispersion because the difference between the variances is not equal 

to zero. 

Fourth, a zero-inflated model is defined by several authors in addressing problems with 

zeros (Greene, 1994; Long, 1997; Burger et al., 2009). The basic idea is to treat zero and 

positive trade values without any exclusion. This estimation is carried out using a two-step 
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procedure: first, a logit/probit39 regression of the probability of trade flows being zero. Second, 

the probability of each count having a probability greater than zero is estimated according to a 

Poisson regression. For an excess of zeros and overdispersion, an alternative is a zero-inflated 

negative binomial (ZINB) regression. A ZINB combines a logit and a negative binomial. 

Fifth and finally, Helpman et al. (2008) develop a theoretical model with firm 

heterogeneity40 that contains explicit cases of zero trade flows. Helpman et al. (2008) test this 

model empirically using a two-step estimation procedure. First, trade partners are selected 

according to their symmetry or asymmetry of trade flows in accordance with a Pareto 

distribution. Second, a trade equation with a certain resemblance to the gravity equation is 

estimated.  

These fourth and fifth alternatives are the ones providing the most accurate solutions to 

the problem of zero trade flows, but their main problem is applying the theoretical background 

to the data. With regard to the HMR estimator, its main disadvantages are the requirement for 

additional data for the exclusion variables and the difficulty of obtaining coefficients for the 

variables (Gomez-Herrera, 2013).  

To conclude, trade flows containing values with zero pose an important problem to the 

data and may potentially bias results. Although there is no universal way to treat zero trade 

flows, it is necessary to mitigate this problem efficiently in the gravity equation. 

5.4.2. Endogeneity 

The second problem has to do with the consideration of ICT as an explanatory variable. The 

gravity equation is a relevant framework in explaining the effects of ICTs on trade, but a 

problem of potential endogeneity bias arises. Trefler (1993) believes that endogeneity is a 

persistent problem in trade theory and that not controlling endogeneity yields smaller 

coefficients for the policy variables. According to Greene (2011), this is the nomenclature for 

expressing the endogeneity problem in a theoretical way: 

𝑌 = 𝑋𝛽 + 휀 

𝑠. 𝑡.    𝐸[휀 ∥ 𝑋] ≠ 0 

39 This choice depends on the assumption of normality of not. 
40 For more information, see Melitz (2003). 
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where Y and X are vectors of the dependent and explanatory variables, respectively, 𝛽 is the 

vector of coefficients and 휀 the error term. When we compute 𝐸[휀 ∥ 𝑋], the expected value of 

휀, subject to X, is assumed to be equal to 0. However, due to the existence of endogeneity, the 

error term stores information referring to the explanatory variables, so the white noise 

assumption is broken. 

Baier and Bergstrand (2007) find three potential causes that result in endogeneity bias: 

omitted variable bias, reverse causality and measurement errors. It is important to note that 

Baier and Bergstrand (2007) study the effect of FTA on bilateral trade, but the same reasoning 

can be applied to the effect of ICT on trade. When we move to the empirical issues between 

ICT and trade, only reverse causality and omitted variable bias are mentioned by the authors. 

We move on to analyzing the endogeneity between ICT and trade. According to the 

literature, the first source of endogeneity is the possibility of a reverse causality relationship, 

also known as “simultaneity” in the literature. As a consequence of this, we can also expect the 

relationship to hold on the other side: ICT increases trade, but those countries exporting higher 

quantities to their trading partners are the ones with higher ICT usage.  

There is theoretical evidence supporting the existence of endogeneity. Grossman and 

Helpman (1995) develop a theoretical framework where trade and technology affect each other 

in both directions. Recent developments show that trade increases the adoption of technology 

under a firm heterogeneity framework (Lileeva and Trefler, 2010; Bustos, 2011), and reinforce 

the theoretical evidence of reverse causality. According to Rodrik (2011), trade is able to induce 

technological progress because a country can import better technologies and then experience a 

productivity increase. Gersbach et al. (2013) define a theoretical model where trade openness 

fosters the adoption of technology via technological spillovers between domestic and foreign 

firms.  

Moving to the empirical side, we have devoted Chapter 5 to citing studies that corroborate 

the positive effect of ICT on trade. However, the evidence is scarce if we move in the opposite 

direction. Caselli and Coleman (2001) study technology adoption as a dependent variable in the 

case of OECD countries and conclude that greater manufacturing trade openness has a positive 

relationship. Bloom et al. (2016) conclude that import penetration from China tends to increase 

information technology, together with diffusion and productivity, for European firms. Bujang 

et al. (2014) measure the impact of trade openness on technology adoption for Southeast Asian 

countries during the period 1994–2011 and find a positive and significant relationship. In 
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contrast, Chinn and Fairlie (2007) regress Internet penetration as a function of different 

determinants, where we can find trade openness, but they find trade openness to be insignificant 

in explaining Internet penetration. In the specific case of the effect of ICT on bilateral exports, 

the literature recognizes the possibility of reverse causality between the two variables (Freund 

and Weinhold, 2002, 2004; Clarke and Wallsten, 2006; Adjasi and Hinson, 2009; Bojnec and 

Fertö, 2009).  

The other source of endogeneity may arise from omitted variable bias: We can find 

omitted country characteristics that affect both ICT and trade, but cannot be captured by the 

theoretical models and become part of the error term (Freund and Weinhold, 2002; Clarke and 

Wallsten, 2006; Liu and Nath, 2013). 

As well as ICTs, other explanatory variables show problems of endogeneity: GDP, trade 

agreements and institutions. As regards GDP, we emphasize the existence of a digital divide, 

where Internet penetration is positively correlated with the level of income, so countries with a 

higher level of income show greater Internet penetration (Billón et al., 2009, 2010). Apart from 

that, the computation of GDP includes exports. Consequently, the endogeneity bias also extends 

to GDP. 

Other variables showing potential endogeneity bias are trade agreements and institutions. 

Trade agreements present potential endogeneity problems (Baier and Bergstrand, 2007). The 

main explanation is the natural trade partners hypothesis (Krishna, 2005): This hypothesis 

states that countries tend to concentrate their trade relations with the countries with whom they 

already trade. Institutions also present endogeneity problems: Generally, international trade 

affects the evolution of domestic institutions, which is rooted in the fields of economic history 

and economic growth (Nunn and Trefler, 2014). Belloc and Bowles (2017) incorporate 

endogenous institutions in their explanation of the effect of cultural differences on the 

comparative advantage of nations. Puga and Trefler (2014) demonstrate how trade motivated 

institutional changes in medieval Venice. Other authors have focused on colonial legacies and 

show the existence of endogeneity bias when countries decide to separate from the metropole 

(Head et al., 2010). 

All the authors mentioned in the empirical literature treat the endogeneity of ICTs in 

different ways. Methodologies range from deriving a theoretical model (Freund and Weinhold, 

2004) to empirical strategies (Clarke and Wallsten, 2006; Bojnec and Fertö, 2009, 2010; 

Abeliansky and Hilbert, 2017, among others). In this dissertation, we follow the empirical 
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approach in dealing with endogeneity dictated by Greene (2011), the instrumental variables 

estimator proposed by Hausman and Taylor (1981) in Chapter 6 and the dynamic panel data 

(Arellano and Bond, 1991) in Chapter 7. In addition, we take lags of the potentially endogenous 

variables, as this is the standard way to mitigate endogeneity (Alvarez et al., 2018), for the 

results in Chapter 8.  

5.4.3. Structural gravity and multilateral resistance terms 

We consider a gravity equation rigorously rooted in trade theory as a prior step in defining 

structural gravity and multilateral resistance terms (henceforth, MRTs). We follow Head and 

Mayer (2014) in defining the structural form of the gravity equation, which is the one that 

captures best the changes in trade costs.  

𝑋𝑖𝑗𝑡 =  
𝑌𝑖𝑡

Ω𝑖𝑡

𝜓𝑗𝑡

Φ𝑗𝑡
𝜙𝑖𝑗𝑡

−𝑏  (7) 

where subscripts i, j and t denote exporter and importer country, and time, respectively. 

According to Baltagi et al. (2014), the elements of the structural gravity equation with panel 

data must be time-varying. 𝑋𝑖𝑗𝑡 is the total amount of exports from i to j at t.  𝑌𝑖𝑡 and 𝜓𝑗𝑡 are 

exporter- and importer-time factors, respectively. Ω𝑖𝑡 and Φ𝑗𝑡 comprise the third-country 

unobservable effects for exporter and importer time, respectively. These effects were 

firstcoined by Anderson and Van Wincoop (2003) and are denoted as MRTs. Finally, 𝜙𝑖𝑗𝑡 refers 

to bilateral trade costs at t, incorporating the time-varying and nonvarying elements potentially 

affecting trade, positively and negatively. We denote b as the parameter accompanying trade 

costs. The gravity equation needs to incorporate all the elements listed before being considered 

structural. 

We now move to the context of the effect of ICTs on trade and consider the expression 

stated in (5) as baseline. This expression controls MRTs, including separate exporter, importer 

and time fixed effects. 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln 𝐼𝐶𝑇𝑖𝑡 + 𝛽2 ln 𝐼𝐶𝑇𝑗𝑡 +  𝛽3 ln 𝐺𝐷𝑃𝑖𝑡 + 𝛽4 ln 𝐺𝐷𝑃𝑗𝑡 + 𝛽5 ln 𝐷𝐼𝑆𝑇𝑖𝑗

+ 𝛽6𝐴𝐷𝐽𝑖𝑗 +  𝛽7𝐶𝑂𝐿𝑖𝑗 + 𝛽8𝐶𝑂𝑀𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽8𝑅𝑇𝐴𝑖𝑗𝑡 + 𝜆𝑖 + 𝜇𝑗 + 𝜈𝑡

+  휀𝑖𝑗𝑡    (8) 



Chapter 5: Empirical model: The gravity model of trade 

 ©Ernesto Rodríguez Crespo  Page 183 of 342 

Controls for fixed effects are consistent and efficient in measuring MRTs in cross-

sectional data (Feenstra, 2004). However, Fally (2015) has demonstrated that only the PPML 

estimator can capture the inward and outward MRTs in cross-sectional data41. 

In panel data with an additional time dimension, MRTs are a major concern (Baldwin and 

Taglioni, 2007). In fact, equation (5) may be subject to criticism: Head and Mayer (2014) 

believe that the inclusion of exporter-importer with time effects separately does not imply that 

strong structural assumptions should be held in the gravity equation42. Especially in the 

presence of panel data with large time spans, exporter and importer effects do not capture MRTs 

sufficiently and the effects must be time-variant (Head and Mayer, 2014).  

As a consequence, we rearrange equation (8) by including exporter and importer time-

varying effects. However, the inclusion of these terms causes perfect collinearity with the 

explanatory variables, especially ICT and GDP. In fact, Bacchetta et al. (2012) discuss the 

inclusion of time-varying control variables when the policy variables present collinearity issues 

and make the point that specification in equation (5) can be used when there are collinearity 

issues between policy variables and time-varying effects, in the presence of panels of a small 

size. Cipollina et al. (2016) also criticize the use of time-varying controls, since the gravity 

model loses explanatory power.  

To overcome the issue of not capturing MRTs accurately, Baier et al. (2014) suggest a 

novel specification of the gravity equation. This specification implies the introduction of 

additional variables: Ψ𝑖𝑡 and Ω𝑗𝑡 capture exporter and importer time-varying effects, while 𝜂𝑖𝑗 

represents the bilateral time-invariant effects. These effects absorb all the effects explained by 

those exporter and importer time-varying and bilateral nontime-varying variables, respectively. 

This enables the problem of endogeneity to be overcome due to omitted variable bias. We 

augment the specification proposed by Baier et al. (2014) with ICT in crossed interaction terms. 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln(𝐼𝐶𝑇𝑖𝑡 ∗ 𝐼𝐶𝑇𝑗𝑡) + Ψ𝑖𝑡 + Ω𝑗𝑡 + 𝜂𝑖𝑗 +  휀𝑖𝑗𝑡    (9) 

41 This statement is only valid for cross-sectional data and I would like to thank Thibault Fally for his clarification 
on this. Consistency with the structural gravity equation in panel data requires the implementation of General 
Equilibrium PPML, which combines estimation and calibration (Anderson et al., 2018). 
42 According to Head and Mayer (2014), structural gravity implies the gravity equation consistent with the two 
expressions denoting MRTs, which are extracted from Anderson and Van Wincoop (2003). 
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Alternatively, Baier et al. (2014) consider another specification to address the effects 

caused by the time. We apply this specification to the specific case of the variable ICT and 

include the ICT crossed variable 5 years lagged. 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln(𝐼𝐶𝑇𝑖𝑡 ∗ 𝐼𝐶𝑇𝑗𝑡)  + 𝛽2 ln(𝐼𝐶𝑇𝑖,𝑡−5 ∗ 𝐼𝐶𝑇𝑗,𝑡−5) + Ψ𝑖𝑡 + Ω𝑗𝑡 + 𝜂𝑖𝑗

+  휀𝑖𝑗𝑡    (10) 

All these alternatives rely on the use of dummy variables to capture unobservable MRTs. 

However, the introduction of crossed terms in the ICT variable makes the interpretation of 

exporter and importer ICT coefficients separately unfeasible: Exporter and importer 

coefficients tend to be different and this requires separate interpretations. Exporter and importer 

time-varying effects would imply losing the interpretation of separate exporter and importer 

effects for those monadic time-varying variables, such as ICT or GDP.  

This specification pointed out in (10) is useful for interpreting coefficients when the 

variable of interest is dyadic and time-varying, i.e. regional trade agreements and the eurozone, 

among others. This strategy also presents a major shortcoming, since time-varying country 

dummies are not effective in removing the omitted variable bias: the correlation between the 

explanatory variable and the unobservable elements (Baldwin and Taglioni, 2007).  

To obtain separate ICT coefficients for exporter and importer country, an alternative to 

estimate the specification in (9) without recurring in (10) consists in doing a two-step regression 

(Baldwin and Taglioni, 2007); first, we regress the left-hand-side variable, trade, on the exporter 

and importer time effects; second, we take the residuals from the first-stage regression and 

include them in the conventional gravity regression43. For the case of ICTs, which are unilateral 

time-varying, we just need to incorporate the coefficients directly into the second step. 

Another strategy for capturing MRTs in panel data with dummy variables is the one 

proposed by Egger and Pfaffermayr (2003): a three-way model including bilateral country pair 

interaction effects. The resulting specification is in (11): 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln 𝐼𝐶𝑇𝑖𝑡 + 𝛽2 ln 𝐼𝐶𝑇𝑗𝑡 +  𝛽3 ln 𝐺𝐷𝑃𝑖𝑡 + 𝛽4 ln 𝐺𝐷𝑃𝑗𝑡 + 𝛽5𝑅𝑇𝐴𝑖𝑗𝑡 + 𝜆𝑖 + 𝜇𝑗

+ 𝜈𝑡 +  𝜑𝑖𝑗 + 휀𝑖𝑗𝑡     (11) 

43 In this case, we mean the residuals varying ijt, since Baldwin and Taglioni (2007) are interested in capturing 
the variation of eurozone membership (ijt). 
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where 𝜑𝑖𝑗 captures the bilateral interaction effects. According to Baldwin and Taglioni (2007), 

the inclusion of bilateral time-invariant country dummies makes it possible to remove the 

aforementioned omitted variable bias. Although this specification allows ICT coefficients for 

exporter and importer locations to be interpreted separately, these bilateral effects make the 

inclusion of bilateral time-invariant variables in the econometric model unfeasible, such as 

distance and those variables related to institutions. This constitutes a major shortcoming. 

Finally, another strategy for capturing MRTs with control variables is to include time-

varying exporter and importer-time controls (Gylfason et al., 2015; Martínez-Zarzoso and 

Márquez-Ramos, 2018). According to this approach, factors are country-specific and time-

varying, but the variations are slow. These third-country effects would incorporate regulations, 

institutions and factors varying every few years. This approach introduces the required time 

variation in MRTs and hence avoids collinearity issues. Equation (12) incorporates this 

additional insight with MRTs varying every n years. The parameter n denotes a time span wide 

enough to maintain variations. 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln 𝐼𝐶𝑇𝑖𝑡 + 𝛽2 ln 𝐼𝐶𝑇𝑗𝑡 +  𝛽3 ln 𝐺𝐷𝑃𝑖𝑡 + 𝛽4 ln 𝐺𝐷𝑃𝑗𝑡 + 𝛽5 ln 𝐷𝐼𝑆𝑇𝑖𝑗

+ 𝛽6𝐴𝐷𝐽𝑖𝑗 +  𝛽7𝐶𝑂𝐿𝑖𝑗 + 𝛽8𝐶𝑂𝑀𝐿𝐴𝑁𝐺𝑖𝑗 + 𝛽8𝑅𝑇𝐴𝑖𝑗𝑡 + 𝜆𝑖,𝑡𝑛 + 𝜇𝑗,𝑡𝑛

+  휀𝑖𝑗𝑡    (12) 

All these specifications are based on control variables and must deal with the 

interpretation of the ICT coefficients together with the control variables trap: It is necessary to 

avoid perfect collinearity between the effects captured by the explanatory variables and MRTs. 

However, the specifications included in (9)–(11) rely on a very high number of control variables 

and this can decrease the efficiency of estimators and make the interpretation of coefficients 

difficult. 

The Bonus Vetus OLS estimator is an alternative proposed by Baier and Bergstrand 

(2009) to avoid the inclusion of control variables to explain MRTs. This methodology consists 

in approximating all the trade costs bilateral components using Taylor polynomials. The 

approximation (∅𝑖𝑗
∗ ) of each bilateral trade cost component (∅𝑖𝑗) is as follows:

∅𝑖𝑗
∗ =  [(∑ 𝜃𝑘

𝑁

𝑘=1

∅𝑖𝑘) + ( ∑ 𝜃𝑚

𝑁

𝑚=1

∅𝑚𝑗) − (∑ ∑ 𝜃𝑚

𝑁

𝑚=1

𝜃𝑘

𝑁

𝑘=1

∅𝑘𝑚)]     (13)
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where i and k denote the sum terms, and 𝜃𝑘 and 𝜃𝑚 are the weighting terms. According to Baier 

and Bergstrand (2009), the weighting can be through simple averages or GDP-weighted, but 

simple averages is the recommended specification. Substituting all the approximated bilateral 

trade costs components yields the following gravity equation44 (14): 

ln 𝑋𝑖𝑗𝑡 =  𝛽0 + 𝛽1 ln 𝐼𝐶𝑇𝑖𝑡 + 𝛽2 ln 𝐼𝐶𝑇𝑗𝑡 +  𝛽3 ln 𝐺𝐷𝑃𝑖𝑡 + 𝛽4 ln 𝐺𝐷𝑃𝑗𝑡 + +𝛽5 ln 𝐷𝐼𝑆𝑇𝑖𝑗
∗

+ 𝛽6𝐴𝐷𝐽∗
𝑖𝑗 + 𝛽7𝐶𝑂𝐿∗

𝑖𝑗 + 𝛽8𝐶𝑂𝑀𝐿𝐴𝑁𝐺∗
𝑖𝑗 + 𝛽8𝑅𝑇𝐴∗

𝑖𝑗 + 휀𝑖𝑗𝑡    (14)

The resulting trade costs components (∅𝑖𝑗
∗ ) capture MRTs without the need to introduce

dummy variables in the model, which allows efficiency to be gained. However, it is necessary 

to control additionally for endogeneity45. Head and Mayer (2014) criticize this approach due to 

its lack of resemblance to the theory of structural gravity. 

Another alternative for capturing MRTs is to use the dynamic panel data estimator 

proposed by Arellano and Bond (1991) in the gravity equation. In fact, the inclusion of the 

lagged exports as the explanatory variable on the right-hand side captures the time-varying 

component concerning MRTs (Baldwin, 2006; Martínez-Zarzoso et al., 2009). 

Apart from that, other authors have attempted to model MRTs in different ways: Focusing 

on a regional context, Behrens et al. (2012) model MRTs using spatial econometrics techniques 

and conclude that controlling by spatial dependence at the origin, destination and origin-

destination is equivalent to using control variables to explain MRTs46. Novy (2013) derives an 

operational form of Anderson and Van Wincoop’s (2003) expression for MRTs using domestic 

trade47. 

In conclusion, in this chapter we have presented the gravity equation as the most suitable 

strategy for studying the effect of ICT on trade. After deriving a baseline equation, we have 

incorporated additional variables in the gravity equation, such as GDP, institutions and 

adjacency, in order to achieve consistent estimators and reduce the bias. We have finally 

mentioned associated problems like the problem with zeros, the existence of potential 

44 The methodology proposed by Baier and Bergstrand (2009) is only suitable for bilateral variables. Applying it 
to unilateral variables, as in the case of the policy variable ICT, might yield biased coefficients. 
45 See Section 5.4.2 for more information. 
46 See Chapter 8 for more information. 
47 The problem is estimating domestic trade, given the absence of official sources for domestic trade statistics. 
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endogeneity and MRTs. In the following section, 5.4.4, we sum up how authors studying the 

effects of ICTs on trade have tackled the problems expressed in Sections 5.4.1–5.4.3.  

5.4.4. The treatment of problems in the gravity equation: a literature review 

In Sections 5.4.1–5.4.3 we have outlined the inherent problems that arise when studying the 

empirical relationship between ICT and trade. To sum up, we present in Table 5.1 a synthesis 

of these problems for those panel data studies cited in the literature review. We restrict these to 

studies covering the effect of ICT on trade using panel data for the following reasons: First, the 

interpretation of time-varying coefficients is not constrained by other potential policy variables; 

second, MRTs are more important for panel data than for cross-sectional data (Baldwin and 

Taglioni, 2007). 
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Table 5.1. Ways of modeling MRTs, dealing with zeros and treating endogeneity sorted by 

author 

Author Year 
Way of modeling 

MRTs 

Way of dealing 

with zeros 

Way of 

treating 

endogeneity 

Vemuri and 

Siddiqi 
2009 

Country-pair, 

Time FE 
X 

Lagging ICT 

variables, HT 

Ahmad 2011 X X 

Regressing 

ICT variables 

separately 

Mattes 2012 

1) Exporter,

Importer, Time FE 

2) Exporter,

Importer, Exporter-

time, Importer-time, 

Time FE 

Adding 1 point 

to the dependent 

variable 

X 

Portugal-Perez 

and Wilson 
2012 Time FE HMR 

Difference-

in-Difference 

gravity 

equation, IV 

Timmis 2012 

1) Exporter,

Importer 2) Time 3) 

Exporter-Time, 

Importer-Time 4) 

Country-pair FE 

Dropping zero 

trade flows 

Inclusion of 

fixed effects 

Antimiani and 

Constantini 
2013 

Exporter-time, 

Importer-time, 

Country-Pair-Time 

FE  

HMR 

Lagging ICT 

variables, 

GMM 

Chung et al. 2013 Time FE PPML X 

Biswas and 

Kennedy 
2014 

Exporter, Importer 

and Time FE 

Heckman 

regression 
X 

Bensassi et al. 2015 
Country-pair, Time 

FE  
X 

Lagging ICT 

variables, HT 

Lin 2015 

Exporter, Importer, 

Exporter-Time, 

Importer-Time, 

country-pair, Time 

FE 

OLS without 

zeros, PPML 

and HMR 

IV, Dynamic 

Panel 

Tay 2015 
Exporter, Importer, 

Time FE 
X VIF Test 

Kneller and 

Timmis 
2016 Time FE X IV 

Abeliansky 

and Hilbert 
2017 Bonus Vetus OLS Tobit X 

Ozcan 2018 
Country and Time 

FE 
X GMM 

Source: own elaboration. Only studies using panel data are cited in this table. FE corresponds to “Fixed Effect,” 

GMM to “Generalized Method of Moments,” HMR to “Helpman-Melitz-Rubinstein,” HT to “Hausman-Taylor,” 

IV-2SLS to “Instrumental Variables Two-Stage Least Squares,” PPML to “Poisson Pseudo-Maximum 

Likelihood” and VIF to “Variance Inflation Factor.” X implies that this fact is not relevant for the study.
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The approximation of unobservable MRTs is the most complex approach: We show in 

section 5.4.3 that there is no standard way to explain MRTs. Although control variables are the 

most widely used strategy, there does not seem to be a common pattern to choose a specific 

combination of control variables to capture MRTs. 

The strategies for zeros and endogeneity seem to be less complex than MRTs and we can 

infer a pattern to deal with these problems. With regard to the issue of zeros, the most typical 

solution is the implementation of regressions with PPML and HMR. Solutions adding one or 

suppressing the observations with zeros are not typically used to address this problem. For the 

treatment of endogeneity, lagging the ICT variables and instrumenting the estimation with them 

is the most common strategy. The authors use specific estimators to mitigate endogeneity, such 

as HT or GMM, as stated in Greene (2011). 

To conclude, we have mentioned the problems concerning the empirical study of the 

effects of ICTs on trade. Although there seems to be consensus about the treatment of 

endogeneity and zeros in the dependent variable, the issue becomes complicated in explaining 

MRTs. There is no standard strategy for explaining MRTs and it is necessary to take into 

account the recent developments. 



 Chapter 5: Empirical model: The gravity model of trade 

Page 190 of 342 ©Ernesto Rodríguez Crespo 

References 

Abeliansky A, Hilbert M (2017) Digital technology and international trade: Is it the quantity of 

subscriptions or the quality of data speed that matters?, Telecommunications Policy 41: 

35–48 

Acemoglu D, Johnson S, Robinson J (2005) The Rise Of Europe: Atlantic Trade, Institutional 

Change, And Economic Growth. American Economic Review 95: 546–579 

Acemoglu D, Robinson J (2012) Why Nations Fail: Origins of Power, Poverty and Prosperity. 

Crown Publishers, United States 

Adjasi C, Hinson R (2009) The Internet and Export: Some Cross Country Evidence from 

Selected African Countries. Journal of Internet Commerce 8: 309–324 

Ahmad NA, Ismail NW, Hook LS (2011) The Role of ICT Infrastructure on Malaysian Trade. 

Journal of Economics and Management 5: 140–148 

Alesina A, Spolaore E, Wacziarg R (2000) Economic Integration and Political Disintegration. 

American Economic Review 90: 1276–1296 

Alesina A, Barro R (2002) Currency Unions. Quarterly Journal of Economics 107: 409–436 

Alesina A, Spolaore E (2002) The Size of Nations. MIT Press, Cambridge 

Alesina A, Barro R, Tenreyro S (2003) Optimal Currency Areas. In Gertler M, Rogoff K (eds) 

NBER Macroeconomics Annual 2002, Volume 17. The University of Chicago Press, 

Chicago 

Álvarez IC, Barbero J, Rodríguez-Pose A, Zofío JL (2018) Does Institutional Quality Matter 

for Trade? Institutional Conditions in a Sectoral Trade Framework. World Development 

103: 72–87 

Anderson JE (1979) A theoretical foundation for the gravity equation. American Economic 

Review 69: 106–116 

Anderson JE, Marcouiller D (2002) Insecurity and the pattern of trade: An empirical 

investigation. The Review of Economics and Statistics 84: 342–352 

Anderson J, Van Wincoop E (2003) Gravity and Gravitas: A Solution to The Border Puzzle. 

American Economic Review 93: 170–192 

Anderson J, Van Wincoop E (2004) Trade costs. Journal of Economic Literature 42: 691–751 



Chapter 5: Empirical model: The gravity model of trade 

 ©Ernesto Rodríguez Crespo  Page 191 of 342 

Anderson JE, Larch M, and Yotov YV (2018) GEPPML: General equilibrium analysis with 

PPML. The World Economy. doi: 10.1111/twec.12664 

Antimiani A, Costantini V (2013) Trade performances and technology in the enlarged European 

Union. Journal of Economic Studies 40: 355–389 

Arellano M, Bond S (1991) Some tests of specification for panel data: Monte Carlo evidence 

and an application to employment equations. Review of Economic Studies 58: 277–297 

Bacchetta M, Beverelli C, Cadot O, Fugazza M, Grether JM, Helble M, Nicita A, Piermartini 

R (2012) A practical guide to trade policy analysis. A World Trade Organization (WTO) 

and the United Nations Conference on Trade and Development (UNCTAD) co–

publication 

Baier S, Bergstrand JH (2004) Economic determinants of free trade agreements. Journal of 

International Economics 64: 29–63 

Baier S, Bergstrand JH (2007) Do free trade agreements actually increase members' 

international trade?, Journal of International Economics 71: 72–95 

Baier S, Bergstrand JH, Vidal E (2007) Free Trade Agreements In the Americas: Are the Trade 

Effects Larger than Anticipated?. The World Economy 30: 1347–1377 

Baier S, Bergstrand JH (2009) Bonus Vetus OLS: A simple method for approximating 

international trade–cost effects using the gravity equation. Journal of International 

Economics 77: 77–85 

Baier S, Bergstrand JH, Feng M (2014) Economic integration agreements and the margins of 

international trade. Journal of International Economics 93: 339–350 

Baier S, Bergstrand JH, Clance M (2015) Heterogeneous Economic Integration Agreement 

Effects. CESifo Working Paper 5488 

Baldwin R (2006) The Euro’s Trade Effects. European Central Bank Working Paper Series, 

Working Paper Number 594 

Baldwin R, Taglioni D (2007) Trade effects of the euro: A comparison of estimators. Journal 

of Economic Integration 22: 780–818 

Baltagi B, Egger P, Pfaffermayr M (2014) Panel Data Gravity Models of International Trade. 

CesIfo Working Paper no. 4616. Munich 



 Chapter 5: Empirical model: The gravity model of trade 

Page 192 of 342 ©Ernesto Rodríguez Crespo 

Behrens K, Ertur C, Koch W (2012) ‘Dual’ gravity: using spatial econometrics to control for 

multilateral resistance. Journal of Applied Econometrics 27: 773–794 

Belloc M, Bowles S (2017) Persistence and Change in Culture and Institutions under Autarchy, 

Trade, and Factor Mobility. American Economic Journal: Microeconomics 9: 245–276 

Bensassi S, Marquez, L Martinez I, Suarez C (2015) Relationship between logistics 

infrastructure and trade: Evidence from Spanish regional exports. Transportation 

Research Part A: Policy and Practice 72: 47–61 

Bergeijk P, Oldersma H (1990) Detente, market–oriented reform and German unification: 

potential consequences for the World Trade System. Kyklos 43: 599–609 

Bergstrand JH (1985) The Gravity Equation in International Trade: Some Microeconomic 

Foundations and Empirical Evidence. Review of Economics and Statistics 67: 474–481 

Bergstrand JH (1989) The Generalized Gravity Equation, Monopolistic Competition, and the 

Factor Proportions Theory in International Trade. Review of Economics and Statistics 71: 

143–153 

Bergstrand JH, Egger P (2010) A general equilibrium theory for estimating gravity equations 

of bilateral trade, FDI, final goods trade and intermediate trade flows. In: Brakman S, Van 

Bergeijk P (eds) The Gravity Model in International Trade: Advances and Applications. 

Cambridge University Press, Cambridge 

Billon M, Lera-Lopez F, Marco R (2009) Disparities in ICT adoption: A multidimensional 

approach to study the cross–country digital divide. Telecommunications Policy 33 596–

610 

Billon M, Lera-Lopez F, Marco R (2010) Differences in digitalization levels: a multivariate 

analysis studying the global digital divide  Review of World Economics 146: 39–73 

Biswas T, Kennedy PL (2014) Cross–border trade in the era of the Internet. Journal of 

International Agricultural Trade and Development 10: 149–165 

Bloom N, Draca M, Van Reenen J (2016) Trade induced technical change? The impact of 

Chinese imports on innovation, IT and Productivity. The Review of Economic Studies 83: 

87–117 

Bojnec S, Fertö I (2009) Impact of the Internet on manufacturing trade. The Journal of 

Computer Information Systems 50: 124–132 

http://www.ssoar.info/ssoar/handle/document/21574
http://www.ssoar.info/ssoar/handle/document/21574


Chapter 5: Empirical model: The gravity model of trade 

 ©Ernesto Rodríguez Crespo  Page 193 of 342 

Bojnec S, Fertö I (2010) Internet and international food industry trade. Industrial Management 

and Data Systems 110: 744–761 

Bujang I, Nipo DT, Ting SK (2014) Global digital divide: determinants of cross–country ICT 

development with special reference to Southeast Asia. International Journal of Business 

and Economic Development 2: 83–95 

Burger M, Van Oort M, Linders GJ (2009) On the Specification of the Gravity Model of Trade: 

Zeros, Excess Zeros and Zero–inflated Estimation. Spatial Economic Analysis 4: 167–

190 

Bustos P (2011) Trade Liberalization, Exports, and Technology Upgrading: Evidence on the 

Impact of MERCOSUR on Argentinian Firms. American Economic Review 101: 304–

340 

Camarero M, Gomez E, Tamarit C (2013) EMU and Trade Revisited: Long–Run Evidence 

Using Gravity Equations. The World Economy 36: 1146–1164 

Caselli F, Coleman WJ (2001) Cross–country technology diffusion: The case of computers. 

American Economic Review 91 328–335 

Chinn M, Fairlie RW (2007) The determinants of the global digital divide: a cross–country 

analysis of computer and internet penetration. Oxford Economic Papers 59: 16–44 

Chung K, Fleming P, Fleming E (2013) The impact of information and communication 

technology on international trade in fruit and vegetables in APEC. Asian–Pacific 

Economic Literature 27 117–130 

Cipollina MP, De Benedictis, L, Salvatici L, Vicarelli, C (2016) Policy Measurement and 

Multilateral Resistance in Gravity Models. MPRA Paper 75255, University Library of 

Munich, Germany 

Clarke G, Wallsten S (2006) Has the Internet increased trade? Developed and Developing 

country evidence. Economic Inquiry 44: 465–484 

Cowan K, Neut A (2007) Intermediate goods, institutions and output per worker. Working 

Papers Central Bank of Chile, Document Number 420 

Cuenca-García E, Gómez Herrera E, Navarro M (2013) The gravity model analysis: an 

application on MERCOSUR trade flows. Journal of Economic Policy Reform 16: 336–

348 



 Chapter 5: Empirical model: The gravity model of trade 

Page 194 of 342 ©Ernesto Rodríguez Crespo 

De Grawe P (2016) Economics of Monetary Union (Eleventh Edition). Oxford University Press, 

Oxford 

De la Dehesa G (2007) Comprender la globalización (Third edition). Alianza Editorial, Madrid 

De Sousa J (2012) The Currency Union Effect on Trade is Decreasing over Time. Economics 

Letters 117 917–920 

Deardoff A (1998) Determinants of Bilateral Trade: Does Gravity Work in a Neoclassical 

World?. In Frankel JA (ed) The Regionalization of the World Economy. The University 

of Chicago Press, Chicago 

Egger P, Pfaffermayr M (2003) The Proper Econometric Specification of the Gravity Equation: 

A Three-Way Model with Bilateral Interaction. Empirical Economics 28: 571–580 

Eichengreen B, Irwin DA (1998) The role of history in bilateral trade flows. In: Frankel JA (ed) 

The Regionalization of the World Economy. University of Chicago Press, Chicago 

Evenett SJ, Keller W (2002) On Theories Explaining the Success Of The Gravity Equation. 

Journal of Political Economy 110: 281–316 

Evenett SJ, Venables AJ (2002) Export Growth in Developing Countries: Market Entry and 

Bilateral Trade Flows. University of Bern working paper, mimeo 

Fally T (2015) Structural gravity and fixed effects. Journal of International Economics 97: 76–

85 

Feenstra R (2004) Advanced International Trade: Theory and Evidence. Princeton University 

Press, New Jersey 

Florensa LM, Márquez-Ramos L, Recalde ML Barone MV (2013). Acuerdos de Integración 

Económica en latinoamérica: Efectos sobre los márgenes de comercio. Revista de 

Economía 1: 71–107 

Florensa LM, Márquez-Ramos L, Recalde ML (2015a) The effect of economic integration and 

institutional quality of trade agreements on trade margins: evidence for Latin America. 

Review of World Economics 151: 329–351 

Florensa LM, Márquez-Ramos L, Recalde ML (2015b) Economic Integration Effects on Trade 

Margins: Sectoral Evidence from Latin America. Journal of Economic Integration 2: 

269–299 



Chapter 5: Empirical model: The gravity model of trade 

 ©Ernesto Rodríguez Crespo  Page 195 of 342 

Frankel J, Stein E, Wei SJ (1995) Trading Blocs and the Americas: The Natural, the Unnatural, 

and the Super–Natural. Journal of Development Economics 47: 61–95 

Frankel JA (1997) Regional Trading Blocs in the World Economic System. Peterson Institute 

for International Economics, Washington DC 

Frankel J (2010) The Estimated Trade Effects of the Euro. In: Alesina, A. and F.   Giavazzi 

(eds) Europe and the Euro. University of Chicago Press, Chicago 

Freund C, Weinhold D (2002) The Internet and International Trade in Services. American 

Economic Review 92: 236–240 

Freund C, Weinhold D (2004) The effect of the Internet on International Trade. Journal of 

International Economics 62: 171–189 

Gersbach H, Schneider MT, Schneller O (2013) Basic research, openness, and convergence 

Journal of Economic Growth 18: 33–68 

Ginsburgh V, Melitz J, Toubal F (2017) Foreign Language Learning and Trade. Review of 

International Economics 25: 320–361 

Glick R, Rose AK (2002) Does a Currency Union Affect Trade? The Time‐ Series Evidence. 

European Economic Review 46: 1125–1151 

Glick R, Rose AK (2015) Currency Unions and Trade: A Post–EMU Mea Culpa. National 

Bureau of Economic Research Working Paper, Number 21535 

Gomez-Herrera E (2013) Comparing alternative methods to estimate gravity models of bilateral 

trade. Empirical Economics 44: 1087–1111 

Greene W (1994) Accounting for Excess Zeros and Sample Selection in Poisson and Negative 

Binomial Models. Working Paper 94–10, Stern School of Business, New York University 

Greene W (2011) Econometric Analysis (Seventh edition). Pearson, New Jersey 

Grossman G, Helpman E (1995) Technology and trade. In: Grossman G, Rogoff K (eds) 

Handbook of International Economics Volume 3. Elsevier, North Holland 

Gylfason T, Martínez‐Zarzoso I, Wijkman PM (2015) Free trade agreements, institutions and 

the exports of eastern partnership countries. Journal of Common Market Studies 53: 

1214–1229 



 Chapter 5: Empirical model: The gravity model of trade 

Page 196 of 342 ©Ernesto Rodríguez Crespo 

Hausman JA, Taylor W (1981) Panel Data and Unobservable Individual Effects. Econometrica 

49: 1377–1398 

Head K, Mayer T, Ries J (2010) The erosion of colonial trade linkages after independence. 

Journal of International Economics 81: 1–14 

Head K, Mayer T (2014) Gravity Equations: Workhorse, Toolkit, and Cookbook. In: Gopinath 

G, Helpman E, Rogoff K (eds) Handbook of International Economics Volume 4. Elsevier, 

North Holland 

Helpman E, Melitz M, Rubinstein Y (2008) Estimating trade flows: trading partners and trading 

volumes. Quarterly Journal of Economics 123: 441–487 

Hummels D (2001) Toward a geography of trade costs. Purdue university, mimeo 

Kneller R, Timmis J (2016) ICT and Exporting: The Effects of Broadband on the Extensive 

Margin of Business Service Exports. Review of International Economics 24: 757–796 

Krishna P (2005) Geography and Preferential Trade Agreements: The “Natural” Trading 

Partners Hypothesis. In: Trade Blocs: Economics and Politics. Cambridge University 

Press, Cambridge 

Levchenko AA (2007) Institutional quality and international trade. Review of Economic Studies 

74: 791–819 

Lileeva A, Trefler D (2010) Improved Access to Foreign Markets Raises Plant–Level 

Productivity...for Some Plants. Quarterly Journal of Economics 125: 1051–1099 

Lin F (2015) Estimating the effect of the internet on international trade. Journal of International 

Trade and Economic Development 24: 409–428 

Linnemann H (1966) An Econometric study of international trade flows. Dissertation, 

Netherlands School of Economics 

Liu L, Nath H (2013) Information and Communications Technology and Trade in Emerging 

Market Economies. Emerging Markets Finance and Trade 49: 67–87 

Long JS (1997) Regression Models for Categorical and Limited Dependent Variables. 

Thousand Oaks, CA, Sage 

Martinez-Zarzoso I, Nowak-Lehmann F, Horsewood N (2009) Are regional trading agreements 

beneficial? Static and dynamic panel gravity models. North American Journal of 

Economics and Finance 20: 46–65 



Chapter 5: Empirical model: The gravity model of trade 

 ©Ernesto Rodríguez Crespo  Page 197 of 342 

Martinez-Zarzoso I, Marquez-Ramos L (2018) Exports and governance: Is the Middle East and 

North Africa region different? The World Economy. doi: 10.1111/twec.12633 

Mattes A, Meinen P, Pavel F (2012) Goods Follow Bytes: The Impact of ICT on EU Trade. 

DIW Working Paper Number 1182 

Matyas L (1997) Proper econometric specification of the gravity model, The World Economy 

20(3): 363–368 

Melitz J (2008) Language and foreign trade. European Economic Review 52: 667–699. 

Melitz J, Toubal F (2014) Native language, spoken language, translation and trade. Journal of 

International Economics 93: 351–363 

Melitz M (2003) The Impact of Trade on Intra–Industry Reallocations and Aggregate Industry 

Productivity, Econometrica 71: 1695–1725 

Newton I (1729) In [experimental] philosophy particular propositions are inferred from the 

phenomena and afterwards rendered general by induction: In Motte A (ed): Principia 

Book 3, Volume 2. London 

Novy D (2013) Gravity Redux: Measuring International Trade Costs with Panel 

Data. Economic Inquiry 51: 101–121 

Nunn N (2007) Relationship-specificity, incomplete contracts, and the pattern of trade. 

Quarterly Journal of Economics 122: 569–600 

Nunn N, Trefler D (2014) Domestic Institutions as a Source of Comparative Advantage. 

In: Gopinath G, Helpman E, Rogoff K (eds) Handbook of International Economics 

Volume 4. Elsevier, North Holland 

Ozcan B (2018) Information and communications technology (ICT) and international trade: 

evidence from Turkey. Eurasian Economic Review 8: 93–113 

Portugal-Perez A, Wilson JS (2012) Export Performance and Trade Facilitation Reform: Hard 

and Soft Infrastructure. World Development 40: 1295–1307 

Pöyhonen P (1963) A tentative model for the volume of Trade between countries. Review of 

World Economics 90: 93–99 

Puga D, Trefler D (2014) International trade and institutional change: Medieval Venice's 

response to globalization. Quarterly Journal of Economics 129: 753–821 

https://doi.org/10.1111/twec.12633


 Chapter 5: Empirical model: The gravity model of trade 

Page 198 of 342 ©Ernesto Rodríguez Crespo 

Rodrik D (2011) The globalization paradox: why global markets, states and democracy can´t 

coexist. Oxford 

Rose AK (2004) Do We Really Know That The WTO Increases Trade?. American Economic 

Review 94: 98–114 

Santos-Silva JC, Tenreyro S (2006) The log of gravity. Review of Economics and Statistics 88: 

641–658 

Segura-Cayuela R (2006): Inefficient policies, inefficient institutions and trade. Bank of Spain 

Working paper Number 0633 

Tadei F (2014) Extractive institutions and gains from trade: evidence for colonial Africa. 

IGIER Working Paper 536 

Tay C (2015) The Impact of the Internet on Trade in Education. Technological and Economic 

Development of Economy 21: 833–854 

Timmis J (2012) The Internet and International Trade in Goods. Discussion Paper University 

of Nottingham, 1–43 

Tinbergen J (1962) Shaping the World Economy: Suggestions for an International Economic 

Policy. Twentieth Century Fund, New York 

Trefler D (1993) Trade Liberalization and the Theory of Endogenous Protection: An 

Econometric Study of U.S. Import Policy. Journal of Political Economy 101: 138–160 

Vemuri VK, Siddiqi S (2009) Impact of Commercialization of the Internet on International 

Trade: A Panel Study Using the Extended Gravity Model. The International Trade 

Journal 23: 458–484 

Whatley WC (2014) The Transatlantic Slave Trade and the Evolution of Political Authority in 

West Africa. In: Akyeampong E, Bates RH, Nunn N, Robinson JA (eds) Africa’s 

Development in Historical Perspective. Cambridge University Press, Cambridge 

Yotov YV, Piermartini R, Monteiro JA, Larch M (2016) An advanced guide to trade policy 

analysis: The structural gravity model. World Trade Organization, Geneva 

Yushkova E (2014) Impact of ICT on trade in different technology groups: analysis and 

implications. International Economics and Economic Policy 11: 165–177 

http://search.proquest.com/abicomplete/indexingvolumeissuelinkhandler/1416347/Technological+and+Economic+Development+of+Economy/02015Y01Y01$232015$3b++Vol.+21+$286$29/21/6?accountid=14478


Chapter 6: Impacts of Internet use on trade: new evidence for developed and developing countries 

 ©Ernesto Rodríguez Crespo  Page 199 of 342 

Chapter 6 

Impacts of Internet use on trade: new 

evidence for developed and 

developing countries 



Chapter 6: Impacts of Internet use on trade: new evidence for developed and developing countries 

 ©Ernesto Rodríguez Crespo  Page 201 of 342 

Chapter 6: Impacts of Internet use on trade: new 

evidence for developed and developing countries 

Abstract 

This paper investigates the impact of Internet use on bilateral trade flows using a gravity model 

and panel data for the 2000–2013 period. First, we test the positive influence of Internet use on 

exports for aggregate data. Second, we test the impact of Internet use on bilateral flows 

separately for developed and developing countries. We find a significant and positive 

relationship between the Internet and bilateral exports for all the groups of countries. The results 

also show that the impacts vary from 0.09% to 0.28% depending on the development levels. 

Unlike previous studies, our findings suggest that the effect of Internet use is greater for the 

bilateral trade flows among developed countries. The largest effect is found for exports among 

high-income countries, for which an increase of 1% in the number of Internet users in the export 

country increases exports by 0.28%. We contribute to the literature by investigating the impacts 

for developed and developing countries separately using panel data from the recent period of 

the greatest Internet diffusion. Using the Hausman–Taylor approach to panel data, we also 

tackle the endogeneity issues that are common in international trade models.  

Keywords: exports, Internet, ICT, gravity model, digital divide 

JEL Classification: F10, F14 
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6.1. Introduction 

As general-purpose technologies (GPTs) (Helpman and Trajtenberg, 1998), ICT and Internet 

use, in particular, facilitate access to information and the transmission of knowledge about 

markets, products and agents. Companies that use the Internet may expand the quality of 

communication while communicating faster and more cheaply. ICT usage may reduce the 

transaction costs associated with international trade operations (Venables, 2001; Kauffman and 

Kumar, 2008; Lin, 2015).  

The globalization process in recent decades has been characterized by both the growth of 

international trade and the expansion of the ICT diffusion process. This evolution has attracted 

significant attention from researchers interested in learning about the possible links between 

the two phenomena. Figure 6.1 shows the index numbers of export growth during the period 

2000–2013. According to the World Bank, the total value of world exports in 2013 was almost 

three times the export value in 2000 (index number of 296%), and the export value has 

multiplied by 2.5 for rich countries and by 4.7 for low- and middle-income countries.  

Figure 6.1. Export value index (2000 = 100%) during the period 2000–2013 for all countries, 

high-income countries, and low- and middle-income countries. The export values are the 

current value of exports (FOB) converted into US dollars and expressed as a percentage of the 

average for the base period (2000). 

In the same period, the percentage of total Internet users grew from 6.7% in 2000 to 36.7% 

in 2013 (Figure 6.2). This rate increased from 30 to 76.9 Internet users per 100 inhabitants in 

developed economies and from 1.4 to 28.9 in developing ones.  
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Figure 6.2. Internet users per 100 inhabitants for the period 2000–2013. All countries, high-

income countries, and low- and middle-income countries. 

From a theoretical perspective, the effects of ICT on trade have been explored based on 

the role of the impacts of trade costs on trade flows (Krugman, 1985; Grossman and Helpman, 

1995; Venables, 2001). Transport costs associated with distance, information and 

communication costs and, in general, entry costs to new markets are considered to be trade 

barriers that may affect opportunities for trade (Melitz, 2003; Anderson and Van Wincoop, 

2004; Fink et al., 2005). By reducing these types of costs, ICT use may boost international 

trade.  

The literature has demonstrated asymmetric impacts of technological development on 

trade for developed and developing countries (Krugman, 1985; Flam and Helpman, 1987). 

The cost reduction associated with Internet use may be influenced by several factors, such as 

the stage of the ICT diffusion process, trade specialization and other features associated with 

the level of economic development (Clarke and Wallsten, 2006; Demirkan et al., 2009; Vemuri 

and Siddiqi, 2009). The academic literature has also investigated how ICT use may have 

different impacts on reducing the trade costs associated with the role played by geographical 

distance (Venables, 2001; Márquez-Ramos et al., 2007; Kauffman and Kumar, 2008; Bojnec 

and Fertö, 2009).  

Empirical studies, usually employing a gravity model framework, have shown that there 

is a positive relationship between ICT use and trade (Freund and Weinhold, 2002, 2004a; Clarke 

and Wallsten, 2006; Vemuri and Sidiqqi, 2009; Meijers, 2014). Many studies covering some 
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years in the previous decades have employed cross-sectional data and focused on developed 

countries (Freund and Weinhold, 2002; Yushkova, 2014) or developed and developing 

economies (Márquez-Ramos and Martínez-Zarzoso, 2005; Clarke and Wallsten, 2006). Other 

scholars using panel data have investigated either developed economies (Bojnec and Fertö, 

2009) or developing ones (Adjasi and Hinson, 2009; Liu and Nath, 2013). However, the papers 

covering both developed and developing economies using panel data have not differentiated 

Internet use effects according to income levels (Freund and Weinhold, 2004a, 2004b; Vemuri 

and Sidiqqi, 2009). Finally, the few studies that have investigated the impacts of Internet use 

on trade at the firm level (Clarke, 2008; Yadav, 2014) have also found a positive influence on 

exports.  

Therefore, most of the studies that have investigated ICT effects on trade, differentiating 

between rich and poor countries, were cross-sectional studies undertaken in a period when the 

expansion of Internet diffusion had just started or, using panel data, focused on aggregate trade 

flows for a group of countries without differentiating between the effects in developed and 

developing economies. Thus, this study aims to analyze the impacts of the Internet on bilateral 

flows for both developed and developing countries. First, we test the hypothesis that Internet 

use positively influences trade at the aggregate level in the years of the greatest expansion of 

Internet diffusion according to the available data. Second, we explore the existence of different 

impacts of Internet use on trade in bilateral flows according to income levels. In particular, we 

are interested in testing whether Internet use has greater effects on bilateral flows for developing 

countries, as determined by previous scholars (Márquez-Ramos and Martínez-Zarzoso, 2005; 

Clarke and Wallsten, 2006; Demirkan et al., 2009). We use a gravity model approach with panel 

data for the period 2000–2013 and for 55 countries. 

This chapter makes three major contributions to the literature on the effects of ICT on 

trade. First, it contributes to the understanding of the ICT effects on bilateral trade in the period 

of greatest Internet diffusion for both developed and developing countries (2000–2013). 

Second, we not only analyze the effects of Internet use on aggregate trade but also investigate 

the impacts by disaggregating the analysis by income levels. Third, by using panel data we 

overcome some methodological issues, such as the omitted variable bias present in cross-

sectional studies (Egger, 2000). In addition, we tackle endogeneity and reverse causality issues 

by using lagged variables as instruments and the Hausman–Taylor methodology.  
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The rest of the chapter is organized as follows. Section 6.2 provides a literature review 

on ICT impacts on bilateral trade flows. Section 6.3 presents the research model and variables. 

Section 6.4 focuses on methodological issues and data. Section 6.5 shows the main findings of 

our research. We finish the paper with some conclusions and discussions in Section 6.6.  

6.2. Literature review 

The effects of ICT on trade have been investigated in the academic literature from a theoretical 

perspective based on their impacts on trade costs. ICT may boost exports by reducing shipping 

costs, search and time costs and barriers to entry into new markets (Venables, 2001; James, 

2002). As general-purpose technologies (GPTs) (Helpman and Trajtenberg, 1998), ICT and 

Internet use, in particular, facilitate the search for information and its acquisition, management, 

processing and analysis. ICT and especially the Internet enable access to information and the 

transmission of knowledge about markets, products and agents. Companies that use the Internet 

may expand their quality of communication while communicating faster and more cheaply, 

since its use improves communication between customers and suppliers, thereby reducing the 

fixed costs associated with information and communication (Harris, 1995; Freund and 

Weinhold, 2002; Fink et al., 2005). ICT also favors the reduction of entry costs into new 

markets (Freund and Weinhold, 2004a; Adjasi and Hinson, 2009) by reducing bargaining and 

management costs (Venables, 2001; Demirkan et al., 2009) as well as the coordination costs of 

dispersed production processes (Krugman, 1995; Venables, 2001). Internet use may also 

influence transport costs, since these technologies are frequently associated with organizational 

changes that affect shipping costs (Venables, 2001; Freund and Weinhold, 2002). Furthermore, 

ICT may enhance expansion and market diversification (Harris, 1995; Petersen et al., 2002) and 

even change the geographical patterns in the internationalization process (Yushkova, 2014). By 

fostering technological diffusion, Internet use also favors the development of new products and 

processes, new business models and new ways of cooperating among firms that may lead to 

increasing international interactions (Osorio-Urzua, 2008). 

Researchers have usually investigated the impact of Internet use on trade flows by 

employing bilateral trade data using gravity models. In addition to ICT variables, these models 

commonly contain traditional variables, such as distance, given their important role in 

explaining trade costs (Freund and Weinhold, 2002; Berthelon and Freund, 2008; Kauffman 

and Kumar, 2008; Demirkan et al., 2009). Most of the studies found a positive effect of some 
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technologies on trade flows. However, there are considerable differences regarding samples, 

time and geographical scope and methodological issues and only a few studies explore the 

differences in bilateral flows between developed and developing countries. The early studies 

referred to a very early stage of the ICT diffusion process and investigated ICT impacts on trade 

using cross-sectional data, since for a long time they were the most common approach when 

gravity models were employed (Egger, 2000). In addition, most of the researchers used Internet 

hosts as an ICT measure. Freund and Weinhold (2002), using a sample of 31 middle– and high–

income countries in the year 2000, found that the service exports from the US increased more 

rapidly in those countries registering a higher level of Internet penetration. In a later study, 

Freund and Weinhold (2004a) established for the 1995–1999 period and for 56 countries that a 

10% web host growth results in a 0.2 percentage point increase in export growth. Clarke and 

Wallsten (2006), using quasi-bilateral trade data for 2001 and a sample of 52 developed and 46 

developing countries, found that Internet hosts increase exports from developing countries, 

while no effect was found for bilateral trade flows from high-income countries. In subsequent 

studies scholars have employed diverse variables that range from an ICT index to Internet users. 

Márquez-Ramos and Martínez-Zarzoso (2005), conducting data analysis for the year 1999, 

explored the effects of the Technology Achievement Index (TAI) on international trade for a 

sample of 62 developed and developing countries. They found that for high-income countries 

the effects of the index are greater than those for the poorest economies. In a later study 

(Márquez-Ramos and Martínez-Zarzoso, 2010), these authors, with data for the year 2000 and 

13 export countries, found a positive and nonlinear effect of technological innovation on 

exports. Yushkova (2014) investigated 40 OECD countries and data referring to 2011, finding 

a positive effect of an index for Internet business on exports. 

As stated by Egger (2000), cross-sectional studies, unlike the panel data approach, allow 

us neither to capture the links between relevant variables over a longer period nor to take into 

account the influence of the business cycle. Unlike cross-sectional studies, panel studies 

facilitate the incorporation of the time-invariant country-specific effects. Most of the papers 

using panel data have investigated the effects either in OECD countries or in other areas 

separately. Bojnec and Fertö (2009) found a positive relationship between Internet use and 

manufacturing export growth for 29 OECD countries in the period 1995–2003. In a later study, 

Bojnec and Fertö (2010) also showed for the same group of countries a significant and 

increasing effect of Internet use on the food industry. Adjasi and Hinson (2009) investigated 

the Internet’s impacts on exports in African countries, ascertaining that, for each point of growth 
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in Internet use, exports grew by 2.2 percent in 1996–2006. Liu and Nath (2013) found for a 

group of 40 emerging-market economies that Internet hosts and Internet subscriptions had 

significant positive impacts on both export and import flows.  

In general, the academic literature has demonstrated asymmetric impacts of technological 

development on trade for developed and developing countries (Krugman, 1985; Flam and 

Helpman, 1987). There is also evidence that differences in ICT diffusion patterns appear to be 

associated with differences in development levels (Dewan et al., 2005; Lechman, 2015). In 

addition, the impacts of ICT vary across countries at different stages of development and ICT 

readiness (Demirkan et al., 2009). According to the available literature, ICT effects will depend 

on the relevance of different types of costs for trade flows and on how ICT influences their 

reduction. On the one hand, we might expect high-income countries to benefit the most from 

cost reductions due to the fact that these countries are more open to trade and exhibit higher 

levels of Internet usage (Clarke and Wallsten, 2006). On the other hand, the literature has also 

highlighted that geographical distance decreases trade flows, mainly shipping and 

communication costs (Venables, 2001; Fink et al., 2005). The literature has also emphasized 

that the Internet may reduce the major role given to the influence of distance (Overman et al., 

2003; Blum and Goldfarb, 2006; Berthelon and Freund, 2008; Kauffman and Kumar, 2008; 

Demirkan et al., 2009). Given that some of the impacts of ICT on cost reduction may be related 

to the decreased importance of distance (Kauffman and Kumar, 2008), some authors have 

hypothesized that the impacts of Internet use might rise as the distance increases (Demirkan et 

al., 2009). According to these authors, the benefits in terms of cost reduction and therefore 

larger bilateral trade flows would be greater for those developing countries exhibiting higher 

levels of Internet use than for developed ones located closer. 

The studies that included both developed and developing countries were mostly cross-

sectional studies. Martínez-Zarzoso and Márquez-Ramos (2005) found for the year 1999 that 

technology, measured by a technological index, had a greater impact on trade flows in their 

exports for poor countries than for rich ones. These authors also determined that the impact of 

technology is larger than the role of geographical distance and that this variable is more 

important for poor than for rich countries. In the above-mentioned study, Clarke and Wallsten 

(2006) showed that the effect of Internet use is much stronger for exports in developing 

countries than for those in the developed world. They found that poor countries export more to 

rich countries when the level of Internet penetration is higher. However, they did not establish 

that Internet use increases the exports of developed countries. Their possible explanation is that 
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the use of the Internet in manufacturing firms in rich countries is so extensive that it does not 

imply any advantage, whereas in less developed countries there are a small number of 

connected companies that benefit from the cost reduction associated with ICT impacts on 

reducing the role of distance to developed markets. Finally, Demirkan et al. (2009) found that 

ICT use had a greater impact on trade among smaller economies than among larger ones for the 

year 2005. They also ascertained that more distant trading partners experience more trade in the 

presence of ICT than closer countries. The estimation results suggest that Internet use among 

smaller economies contributes significantly to larger trade flows. Interestingly, distance seems 

to play the greatest role in limiting trade among the smaller economies, but the Internet helps 

to decrease the limitation imposed by distance.  

Fukushima and Kurihara (2013), using OLS for 2005 and 2010, found stronger effects of 

Internet hosts on trade for Asian emerging economies in 2005 but no differences for 2010 

between this group and OECD countries. Although Vemuri and Siddiqi (2009) used panel data 

to compare trade before and after the expansion of the Internet for 64 developed and developing 

countries and for the 1985–2005 period, they did not differentiate between the impacts 

according to development levels. These authors determined that a factor comprising telephone 

lines, personal computers and Internet users has a positive influence on trade.  

To sum up, most of the empirical evidence indicated a positive impact of the Internet on 

trade. However, there are important differences regarding the time periods covered and the 

methodology employed, the exceptions being the study by Clarke and Wallsten (2006) for the 

year 2001 and that of Demirkan et al. (2009), who differentiated between larger and smaller 

economies. The rest of the studies, despite using panel data, did not differentiate between 

bilateral trade flows among developed and developing countries, nor did they consider the 

recent years of greater ICT diffusion. We aim to fill this gap by investigating the possible 

influence of Internet use in both developed and developing countries over a wide period that 

covers the most recent years.  

6.3. Research model and variables 

We next present our research questions and specify the conceptual model for our empirical 

analysis. First, we consider the several effects of Internet use on trade costs to test whether 

Internet use exerts a positive impact on exports. Second, we take into account the idea that the 
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Internet may affect trade flows differently according to development levels. Thus, we aim to 

test whether Internet use has a greater impact on bilateral developing countries’ exports than on 

those of developed economies in line with the results obtained by some previous studies (Clarke 

and Wallsten, 2006; Demirkan et al., 2009). Our specific hypothesis to be tested is the following 

one: 

H1: The impact of Internet use on trade differs by levels of economic development. 

In accordance with previous literature, our research model is based on the gravity model, which, 

as already mentioned, has been successfully employed in the academic literature to investigate 

bilateral trade flows. Within the standard gravity trade model it is assumed that bilateral trade 

is positively associated with country size and negatively associated with distance (Tinbergen, 

1962; Pöyhonen, 1963; Berthelon and Freund, 2008). In its augmented version, the model 

includes multilateral resistance terms to capture the influence on bilateral trade of the existence 

of trade barriers among the rest of the trading partners (Anderson and Van Wincoop, 2003). We 

also consider other additional variables that are commonly included in these types of trade 

models, such as institutional and economic factors that might affect the bilateral trade 

relationship. 

We define the augmented gravity equation as follows: 

ln xijt = 0 + 1 ln IUi,t-1 + 2 ln IUj,t-1 + 3 ln GDPi,t-1 + 4 ln GDPj,t-1 + 5 RTAij,t-1 

 + 6 ln DISTij + 7 ADJij + 8 LANGij + 9 COLij + i + j + t + ij + ijt     (1) 

where subscripts i, j and t denote the exporter country, importer country and time, respectively. 

The dependent variable, xijt, denotes the bilateral exports from country i to country j in year t. 

IUit and IUjt are the Internet users per 100 people in countries i and j, respectively. This variable 

captures Internet use and is expected to be positively related to exports due to lower trade costs, 

as previously mentioned (Freund and Weinhold, 2004a; Clarke and Wallsten, 2006; Demirkan 

et al., 2009; Vemuri and Siddiqi, 2009).  

GDPit and GDPjt are the nominal GDP of the exporting and importing countries, 

respectively. RTAijt is a dummy variable included to capture whether i and j are both members 

of a regional trade agreement in year t, given the wide range of literature that has highlighted 

the positive effect of trade agreements on exports (Baier and Bergstrand, 2007). We introduce 

several variables lagged by one year to deal with the potential endogeneity issues that are 
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discussed in the next section: internet users (IU) (Freund and Weinhold, 2004a, 2004b; Bojnec 

and Fertö, 2009, 2010; Liu and Nath, 2013); GDP (Vemuri and Siddiqi, 2009); and RTA 

(Olivero and Yotov, 2012). DISTij stands for the bilateral distance. This variable is usually 

introduced as a proxy for transportation costs, and it is assumed that distance implies higher 

bilateral trade costs. The reduction in costs is assumed to have a positive impact on trade flows 

(Tinbergen, 1962; Eaton and Kortum, 2002; Anderson and Van Wincoop, 2003). Adjacency 

(ADJij) is included based on the assumption that transport costs are lower for neighboring 

countries and thus it facilitates bilateral trade (Freund and Weinhold, 2002; Anderson and Van 

Wincoop, 2003; Kauffman and Kumar, 2008). This variable takes a value of 1 if the two 

countries share a common border and 0 otherwise. Sharing a common language (LANGij) favors 

the communication and business relationships among firms and agents, enabling information 

to be exchanged about suppliers and customers, firms and agents (Melitz, 2008; Melitz and 

Toubal, 2014). It takes a value of 1 if the two countries share a common language and 0 

otherwise. The existence of former colonial links (COLij) increases the current bilateral exports 

because both countries can benefit from the trade relations established during the colonization 

(Head et al., 2010; Nunn and Trefler, 2014). The variable takes a value of 1 if the two countries 

shared past colonial linkages and 0 otherwise.  

Finally, the terms  𝜑𝑖 and 𝜑𝑗 represent the exporter and importer country fixed effects to 

control for the particular characteristics of each country. Additionally, 𝛾𝑡 corresponds to time

effects, which are included to control for cyclical factors that affect all countries. These dummy 

variables aim to mitigate omitted variable bias. ij corresponds to the unobservable bilateral 

country pair term, and 𝑣𝑖𝑗𝑡 is the idiosyncratic error term. 

6.4. Methodology and data 

The analysis of time series and cross-sectional data requires the application of an appropriate 

methodology. The panel data technique allows us to estimate a model that takes into account 

the unobserved heterogeneity (i.e. the unobservable specific bilateral effects) that otherwise 

would bias the pooled estimates. The original specification of the linear panel data model in the 

framework of the gravity equation is  

yijt = x´ijt  + ij + vijt      (2) 
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where yijt is the log of the bilateral exports from country i to country j, xijt is a vector of k 

regressors,  is the parameter vector to estimate, ij is the unobservable individual effect (the 

bilateral effect from the ij country pair) and vijt is the idiosyncratic error term. The individual 

effects can always be considered random without loss of generality (Arellano and Bond, 1991), 

so that (2) can be written as 

yijt = x´ijt  + ijt         (3) 

where ijt is a compound disturbance, ijt = ij + vijt. The crucial distinction is whether the latent 

component, ij, is or is not correlated with the observable explanatory variables, xijt. If the 

individual effects are correlated with the regressors, the endogeneity problem is solved with the 

traditional fixed-effects approach.  

Another source of endogeneity appears when the observable variables are correlated with 

the time-varying error term, vijt. There are various causes of endogeneity. In the literature on 

ICT impacts on trade within the gravity model framework, some studies have taken into account 

the omitted variable bias (Freund and Weinhold, 2002; Clarke and Wallsten, 2006; Liu and 

Nath, 2013). Additional sources of endogeneity are related to the reverse causality issue (Freund 

and Weinhold, 2002, 2004a; Clarke and Wallsten, 2006; Adjasi and Hinson, 2009; Bojnec and 

Fertö, 2009). Those countries that are more open to trade also exhibit higher levels of Internet 

usage, leading to a causal relationship in which the direction of the causation is not clear (Clarke 

and Wallsten, 2006). Moreover, it has been demonstrated that higher levels of digitalization and 

therefore of Internet use are related to high income levels (Dewan et al., 2005; Billón et al., 

2010). This has led some authors to consider the GDP as endogenous (Vemuri and Siddiqi, 

2009; Olivero and Yotov, 2012). Finally, the effect of RTAs on bilateral trade has traditionally 

been demonstrated to present endogeneity bias (Egger et al., 2011). 

Therefore, our model specification takes into account the fact that some regressors may 

be endogenous in the sense that xijt is correlated with vijt and earlier shocks but xijt is uncorrelated 

with vij,t+1 and subsequent shocks. We assume that these regressors are predetermined, meaning 

that xij,t-1 and vijt are uncorrelated but xij,t-1 may still be correlated with vij,t-1 and earlier shocks. 

Thus, lags naturally become the instrumental variables that allow us to identify the parameters 

of interest. It should be noted that incorporating lagged regressors (to avoid endogeneity with 

respect to the vijt term) does not avoid these regressors being correlated with the time-invariant 

individual effect, ij. As the model has potential doubly endogenous regressors, we propose a 
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fixed-effects (FE) model in which the endogenous variables, IU, GDP and RTA, are 

instrumented by their lags.  

The proposed specification will be assessed using the Breusch–Pagan (1980) and 

Hausman (1978) tests. If the regressors are correlated with the unobservable country pair 

effects, the random-effects (RE) model approach does not yield consistent estimations, whereas 

the fixed-effects (FE) model provides unbiased estimates of the parameters. The FE model 

obtains consistent estimates by applying data transformation that removes the time-invariant 

individual heterogeneity from the model. However, this clear advantage of the FE model has 

some drawbacks, since any time-invariant variable is also expelled from the model. As a 

consequence, the FE model applied to gravity equations does not allow us to include some 

relevant time-invariant variables, such as distance, adjacency and language.  

The Hausman–Taylor (1981) approach (henceforth, HT) is an alternative that has been 

used by several authors to estimate gravity models (Egger, 2002; Belke and Spies, 2008; 

Vemuri and Siddiqi, 2009; Gallego and Llano, 2014). The HT approach is a two-step estimation 

procedure based on the instrumental variables technique and the generalized least squares 

(GLS) transformation of the variables. The two-step procedure allows us to estimate both time-

varying and time-invariant regressors. Another advantage of the HT method is its hybrid nature 

between fixed- and random-effects models, which leads to consistent estimations of regressors 

that are correlated and uncorrelated with the individual effects. Departing from Greene (2011), 

the HT model under the bilateral country pair notation is 

yijt = x1´ijt 1 + x2´ijt 2 + z1´ijt 1 + z2´ijt 2 + ij + vijt   (4) 

where yijt is the dependent variable,ij is the unobserved bilateral effect and vijt is the error term. 

Hausman and Taylor defined four sets of variables: x1 are time-varying variables uncorrelated 

with ij, x2 are time-varying variables correlated with ij, z1 are time-invariant variables 

uncorrelated with ij and z2 are time-invariant variables correlated with ij. The group mean 

deviations of the time-varying variables are used as instrumental variables for the estimation of 

. The z1 exogenous regressors serve as valid instruments for themselves, whereas the group 

means of x1 can serve as the remaining instrument for z2. Therefore, the model will be identified 

so long as the number of variables in z2 is lower than or equal to the number of variables in x1. 

The instruments come from the own model specification, so, from an empirical perspective, 

determining which variables should be considered as being correlated or uncorrelated with the 
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country pair effects is the main issue in using the HT approach. We consider IU, GDP and RTA 

to be potentially related to the unobserved country pair effects.   

We use panel data for the period 2000–2013. We include 55 countries, considering both 

OECD and developing countries in accordance with the World Bank’s classification. The 

information on bilateral exports and countries’ GDP comes from the International Monetary 

Fund. The data on Internet users are from the World Bank–ITU, and the data on distance, 

adjacency, common language and colonial links are from the Centre d’Études Prospectives et 

d’Informations Internationales (CEPII). A description of all the variables, units and data sources 

is displayed in Table 6A1. The panel is balanced, and there are no missing values. However, 

the database included 623 observations with zero bilateral trade that affected 136 country pairs. 

After dropping these country pairs, the number of combinations of exporter and importer pairs 

is 2,753, a total of 35,789 observations. Table 6A2 shows the main descriptive statistics for all 

the variables. It also depicts the slight differences in the main descriptive statistics between the 

full sample and the sample without zero flows.  

6.5. Empirical analysis 

6.5.1. Model specification 

Table 6.1 reports the results for alternative estimation methods to check the specification of the 

research model presented in (1). The comparison of the HT estimates with other methods also 

allows us to assess the robustness of the results.  

As a starting point, we consider the nonexistence of unobservable heterogeneity in the 

model and apply a pooled ordinary least squares (POLS) estimator (column 1). The Breusch–

Pagan Lagrange multiplier test on individual effects was performed. The null hypothesis is 

rejected (p-value < 1%; see column 1). This outcome indicates the existence of an unobservable 

component of the variance related to each individual, which implies that any approach that does 

not take into account the unobservable bilateral effects would provide biased estimations. The 

random-effects model (REM) procedure (column 2) assumes that unobservable country pair 

heterogeneity exists but is uncorrelated with the regressors. Compared with the POLS 

estimates, the main changes obtained in this second case are the higher coefficient values of 

Internet users, the lower values of the countries’ GDP and the lack of significance of the 

adjacency variable.  
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We continue by applying Hausman’s test to assess whether the unobservable bilateral 

effects are actually orthogonal to the explanatory variables (column 2). The null hypothesis is 

rejected (p-value < 1%), so significant differences across the FE and RE estimates exist due to 

latent individual effects correlated with the regressors. This implies a problem of endogeneity 

bias under the REM approach. The specification tests validate the endogeneity assumptions 

with respect to ij, which we formulated in the gravity equation.  

The HT procedure is finally carried out and reported in column 3. We consider Internet 

users, the GDP in exporter and importer countries and the RTA agreements as endogenous 

variables due to their potential correlation with the country pair effects. The remaining variables 

included in equation (4) are considered exogenous regressors. It should be noted that the time-

invariant explanatory variables (distance, adjacency, common language and colonial) would be 

expelled from the model following the traditional FE procedure.  

In addition, we use the Poisson pseudo-maximum likelihood estimator (PPML) in 

columns 4 and 5. This estimator allows problems with zeros in the dependent variable and 

heteroscedasticity in trade flows to be mitigated (Santos-Silva and Tenreyro, 2006). In addition, 

the PPML estimator is the one showing most resemblance to the roots of the structural gravity 

equation48 (Fally, 2015). 

48 The structural gravity equation is the one capturing trade costs accurately and constitutes the basic theoretical 
framework for the gravity equation. For more information, the reader is advised to see Head and Mayer (2014). 
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Table 6.1. Estimates of panel gravity equation 

POLS REM HT(i) PPML(iii) PPML 

ln IUi,t-1 0.119*** 0.192*** 0.188*** 0.185*** 0.158*** 

(0.019) (0.019) (0.010) (0.017) (0.025) 

ln IUj,t-1 0.081*** 0.149*** 0.083*** 0.297*** 0.204*** 

(0.018) (0.017) (0.010) (0.014) (0.029) 

ln GDPi,t-1 1.165*** 0.985*** 0.798*** 0.843*** 0.638*** 

(0.016) (0.024) (0.043) (0.008) (0.029) 

ln GDPj,t-1 1.218*** 0.828*** 1.201*** 0.84*** 0.685*** 

(0.021) (0.026) (0.043) (0.010) (0.099) 

RTAij,t-1 0.211*** 0.303*** 0.205*** 0.227*** 0.473*** 

(0.022) (0.031) (0.018) (0.027) (0.028) 

ln DISTij -1.279*** -1.281*** -1.280*** -0.706*** -0.702*** 

(0.012) (0.034) (0.030) (0.014) (0.012) 

ADJij 0.196*** 0.174 0.164 0.462*** 0.472*** 

(0.036) (0.122) (0.108) (0.031) (0.025) 

LANGij 0.545*** 0.555*** 0.561*** 0.319*** 0.169*** 

(0.026) (0.083) (0.082) (0.030) (0.031) 

COLij 0.537*** 0.593*** 0.623*** -0.029 0.117*** 

(0.041) (0.141) (0.110) (0.031) (0.028) 

β0 -31.816*** -32.158*** -23.809*** -15.99*** -8.129*** 

(0.509) (0.724) (1.208) (0.351) (2.058) 

Breusch-Pagan LM test 

1.1e+05 

[0.000] 

Hausman test FE – RE 

1017.66 

[0.000] 

Adj-R2 (ii) 0.8589 0.8583 0.8585 0.9152 

Observations 35,789 35,789 35,789 37,557 

Notes: standard robust errors in parentheses. *, ** and *** denote significance at 10%, 5% and 1%, respectively. 

POLS (pooled ordinary least squares), REM (random -effects model) and HT (Hausman-Taylor). The dependent 

variable is the log-transformation of bilateral trade flows, ln xijt. All specifications include exporter (i), importer 

(j) and time (t) fixed effects. (i) HT specification considers 𝑙𝑛 𝐼𝑈𝑖,𝑡−1, 𝑙𝑛 𝐼𝑈𝑗,𝑡−1, ln GDPi,t-1, ln GDPj,t-1 and

𝑅𝑇𝐴𝑖𝑗,𝑡−1 as endogenous variables. Breusch–Pagan Lagrange multiplier test for random effects. Hausman test

between FE and RE estimates. p-values of the tests are shown in brackets. (ii) The R2 coefficient in HT specification 

is computed using the approach described in Carrère (2006): 1-(sum of square residuals/total sum of squares). 

(iii) This specification includes all the trade flows. In this case, the dependent variable is in levels. 

It should be mentioned that the estimation techniques seem to affect the magnitude but 

not the sign and relevance of the explanatory variables (the exception being for adjacency, 

which is significant under the POLS but not under the REM and HT procedures). As expected, 

Internet users in both exporter and importer countries increase bilateral flows. A similar effect 

is observed for the country sizes; meanwhile, distance reduces bilateral exports. Other gravity 

variables, such as colonial past and language, are also highly significant.  
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The PPML estimator yields important results to be taken into account. The estimated 

coefficients do not present important changes when we omit bilateral pairs with zero trade 

flows. The explanatory variables also remain significant, in spite of the small change in colonial 

linkages in column 4. Hence, our specification relieves us from problems with zeros and 

heteroscedasticity. 

Once the model specification is assessed, we finally select the HT approach as the 

procedure to analyze the bilateral exports segmented by income. HT is a flexible panel data 

procedure that allows us to consider regressors that are correlated or uncorrelated with the 

unobservable country pair effects as well as to obtain estimates for the time-invariant variables. 

6.5.2. Gravity equation results segmented by income levels 

Table 6.2 displays the results for the HT estimator disaggregated by income levels for the period 

2000–2013. Column 1 shows the total bilateral flows. The coefficients (0.188 and 0.083) 

indicate a positive impact of Internet use for both exporter and importer countries, in line with 

the previous empirical evidence, although the effect of Internet use is considerably larger for 

exporter countries. In addition, the impact of Internet use is significant and positive for all the 

scenarios for both exporter and importer countries, except for the bilateral exports between low- 

and middle-income countries, for which Internet use is not significant for the importer country 

(column 5). 
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Table 6.2. Gravity equation results disaggregated by income levels under HT estimator 

Column: 1 2 3 4 5 6 7 8 9 

Exporter´s income: All High High Low and middle Low and middle Low and middle All All High 

Importer´s income: All High Low and middle High Low and middle All High Low and middle All 

ln IUi,t-1 0.188*** 0.283*** 0.210*** 0.147*** 0.086** 0.135*** 0.188*** 0.185*** 0.256***  
(0.010) (0.015)  (0.027) (0.023)  (0.040) (0.020)  (0.012) (0.020) (0.014) 

ln IUj,t-1 0.083*** 0.071*** 0.115*** 0.186*** 0.022 0.120*** 0.114*** 0.085*** 0.066*** 

 (0.010) (0.015)  (0.020)  (0.036)  (0.041) (0.023) (0.016)  (0.019) (0.010)  

ln GDPi,t-1 0.798*** 0.992*** 0.829*** 0.706*** 0.513*** 0.620*** 0.806*** 0.803*** 0.907*** 

 (0.043) (0.056)  (0.098)  (0.107)  (0.168)  (0.091)  (0.050)  (0.081)  (0.051)  

ln GDPj,t-1 1.201*** 1.684*** 0.834*** 1.424*** 0.846*** 1.184*** 1.561*** 0.844*** 1.204*** 

 (0.043) (0.057)  (0.081)  (0.127)  (0.163)  (0.091)  (0.059)  (0.077)  (0.043) 

RTAij,t-1 0.205*** 0.103*** 0.119*** 0.446*** 0.119 0.370*** 0.220*** 0.119*** 0.135*** 

 (0.018) (0.018)  (0.037)  (0.049)  (0.103) (0.045)  (0.020)  (0.038)  (0.017)  

ln DISTij -1.280*** -1.225*** -1.434*** -1.395*** -1.279*** -1.327*** -1.203*** -1.387*** -1.310***  
(0.030) (0.044) (0.070)  (0.084)  (0.090)  (0.059)  (0.039)  (0.052)  (0.035) 

ADJij 0.164 0.315** -0.221 0.006 0.530** 0.218 0.266** 0.190 0.098  
(0.108) (0.128)   (0.281) (0.336) (0.254)   (0.208) (0.133)   (0.184) (0.118) 

LANGij 0.561*** 0.593*** 0.542*** 0.379* 0.864*** 0.449*** 0.597*** 0.579*** 0.527***  
(0.082) (0.113)  (0.164)  (0.202) (0.257)  (0.155)  (0.104)  (0.134)  (0.092)  

COLij 0.623*** 0.132* 0.569** 0.915*** 0.940** 0.964*** 0.490*** 0.613*** 0.410***  
(0.110) (0.138) (0.225)   (0.277)  (0.415)  (0.229)  (0.133)  (0.198)  (0.117)  

β0 -23.809*** -37.443*** -15.323*** -27.001*** -12.737*** -18.613*** -31.545*** -15.404*** -25.857***  
(1.208) (1.613)  (2.702) (3.006)  (4.124)  (2.706)  (1.527)  (2.461)  (1.334)  

Adjusted R2 0.859 0.894 0.867 0.839 0.828 0.829 0.868 0.848 0.886 

Observations 35,789 14,287 8,554 8,385 4,563 12,948 22,672 13,117 22,841 

 

Source: Authors´ own elaboration. For each regression, coefficients and standard errors between parentheses are displayed. *, ** and *** denote if the variable is significant at 10%, 5% and 1%, 

respectively. Columns description for export scenarios: 1) All countries, 2) High-income countries, 3) High-income countries to Low and Medium-income countries, 4) Low and Medium- income 

countries to High- income countries, 5) Low and Medium-income countries, 6) Low and Middle-income countries to all countries, 7) All countries to High-income countries, 8) All countries to Low 

and Medium-income countries and 9) High-income countries to all countries. All the cases include exporter, importer and time effects. HT specification considers 𝑙𝑛 𝐼𝑈𝑖,𝑡−1, 𝑙𝑛 𝐼𝑈𝑗,𝑡−1, ln GDPi,t-1, ln 

GDPjt-1  and 𝑅𝑇𝐴𝑖𝑗,𝑡−1  as endogenous variables. The Adj-R2 coefficient is computed using the approach described in Carrère (2006): 1-(Sum of squared residuals/Total sum of squares).  
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The results also show that the Internet impacts vary across countries at different stages of 

development and different ICT diffusion levels (Demirkan et al., 2009). The first important 

result is that the elasticity of Internet use in the exporter country is greater for bilateral trade 

flows among high-income countries (column 2, 0.283). This confirms the hypothesis that high-

income countries benefit the most from cost reductions (Kauffman and Kumar, 2008; Demirkan 

et al., 2009) due to the fact that these countries, in addition to being more open to trade, exhibit 

higher levels of Internet usage (Clarke and Wallsten, 2006). The results also indicate that, for 

the bilateral flows in which developed countries are involved (columns 3 and 9), the coefficients 

are the highest ones, indicating the relevance of the impacts of Internet use for this group of 

countries. This finding differs from that obtained by the previous literature, in particular the 

results attained by Clarke and Wallsten (2006), whose study is the most similar to the present 

research. They showed no impact for bilateral flows that involved developed countries. One 

plausible reason for this difference is that these authors applied a cross-sectional study in 

reference to the year 2001, whereas we consider panel data from 2000 to 2013. As can be seen, 

Internet diffusion has increased dramatically in recent years. Another possible reason is that we 

consider the effect of the potential endogeneity of the Internet and the economies’ size on trade 

flows.  

By contrast, the effect of the Internet on trade, for trade flows involving low- and middle-

income countries (columns 4, 5 and 6), although positive, is smaller. The second most important 

impact of Internet use on trade is found between high- and low- to middle-income countries 

(0.21), and the smallest effect concerns the bilateral trade among poor countries. The results 

might indicate that, despite the possible benefits in terms of cost reduction due to the potential 

decreasing importance of distance, there are other types of costs that affect trade. The results 

might also be related to trade specialization of the trade flows among these countries and the 

differentiated impacts of ICT depending on the type of products affected by the cost reduction 

(Venables, 2001; Berthelon and Freund, 2008). 

As expected, the results corroborate the assertion that distance (ln 𝐷𝐼𝑆𝑇𝑖𝑗) is always 

significant and negative, confirming that a shorter distance between two countries increases the 

bilateral exports. Distance plays the greatest role in limiting trade between the high and low–

middle income countries´ trade flows (columns 3 and 4). Furthermore, as expected and in line 

with the previous literature, the role played by distance is the smallest in the case of trade flows 
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among developed economies. However, it is also interesting to note that the role played by 

distance varies in a narrow range across all the scenarios.   

The existence of a common border (𝐴𝐷𝐽𝑖𝑗) is significant only for bilateral trade between 

high-income countries (column 2) and between low- and middle-income countries (column 5). 

The results indicate that bilateral trade between countries with similar development levels is 

influenced by the fact of sharing a common border.  

The existence of a common language (𝐿𝐴𝑁𝐺𝑖𝑗) is always significant for all the scenarios 

and shows the expected positive result. Also as expected, the influence of the colonial past on 

trade is highly significant in all the flows in which low- and middle-income countries participate 

(COLij), the highest coefficients being registered for exports originating from these countries 

(columns 4, 5 and 6).  

The existence of a trade agreement at the country level is significant and positive for all 

the scenarios, except for the case of bilateral flows between developing countries, for which 

this variable is not significant (column 5). The highest coefficient is shown for exports from 

low- and middle-income countries to high-income economies (column 4).  

6.6. Conclusion and discussion 

This study aimed to analyze the impacts of the Internet on bilateral flows, considering not only 

aggregate trade flows but also developed and developing bilateral flows separately. First, we 

tested the hypothesis that Internet use positively influences trade at the aggregate level in the 

years of the greatest expansion of Internet diffusion according to the available data. Second, we 

explored the existence of different impacts of Internet use on bilateral flows according to 

development levels. In light of the previous findings in the academic literature, we were 

interested in testing the hypothesis that the impacts of ICTs on trade may differ depending on 

development levels. We followed a gravity model approach with panel data for the period 2000–

2013. This paper also tackled some of the common methodological issues frequently associated 

with trade gravity models. The flexibility of the Hausman–Taylor panel data procedure allowed 

us to deal with endogeneity issues as well as to obtain estimates for the time-invariant variables 

that are traditional in gravity models.  
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The results indicate that the use of the Internet generates a positive effect on aggregate 

exports. They also show that the impacts vary depending on development levels. Our findings 

suggest that the effect of using the Internet is greater for developed countries, a conclusion that 

differs from those reached in previous studies, probably due to methodological issues and above 

all to the time period covered in the present analysis. The results confirm the hypothesis that 

high-income countries would benefit the most from the cost reductions associated with ICT use. 

In particular, for this group an increase of 1% in the number of Internet users in the export 

country increases exports to low- and middle-income countries by 0.21% and to other high-

income countries by 0.28%. The findings obtained for developing countries might indicate that, 

despite the possible benefits in terms of cost reduction due to the potential decrease in the 

importance of distance, Internet use would reduce other types of costs to a lesser extent than 

for developed economies. The reason for the greater elasticity of Internet use in high-income 

countries might be due to the differences in their ICT diffusion stages. Given their more mature 

level of technological development, achieving a one additional percentage point increase in 

Internet users may be more difficult for developed economies than for developing ones. 

From a public policy perspective, the results highlight the importance of promoting 

Internet use in foreign trade activities. The globalization process forces companies to develop 

new strategies for going global. Thus, efforts to enhance the technological capabilities of 

enterprises that favor and promote ICT investments and use emerge as a key issue. 

Internationalization policies should take into account the role played by ICT use in reducing 

transaction costs. In developing countries, efforts should be oriented towards improving 

connectivity, in particular for high-speed Internet, since it plays a major role in changing the 

way in which companies conduct their business. In addition to institutional reforms to 

encourage competition and private sector participation to develop the telecommunication 

infrastructure, public measures should focus on increasing SMEs’ capacity to assess the returns 

and costs of using ICT, attracting and retaining ICT-skilled labor, and promoting training and 

skills development programs (Khalil et al., 2009).  

Future research should address the various impacts of the Internet on different sectors as 

well as on services. Additionally, the impacts of other information and communication 

technologies should be analyzed to compare their effects according to economic development 

levels and diffusion trajectories.  
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Appendix 

Table 6A1 Variables description and sources

Variable Description Units Source 

𝑥𝑖𝑗𝑡 Aggregate bilateral exports from i to j during year t. USD'000 
IMF-Direction of 

Trade Statistics 

𝐼𝑈𝑖,𝑡−1, 𝐼𝑈𝑗,𝑡−1 Internet users for i and j during year t, 1-year lagged.
Users per 100 

inhabitants 

World Bank- WDI 

and ITU 

𝐺𝐷𝑃𝑖,𝑡−1, 𝐺𝐷𝑃𝑗,𝑡−1 GDP for i and j during year t, PPP adjusted, 1-year lagged. USD'000 IMF-WEO 

𝑅𝑇𝐴𝑖𝑗,𝑡−1 
Variable that takes value 1 for a regional trade agreement in 

force and 0 otherwise, 1-year lagged. 
De Sousa (2012) 

𝐷𝐼𝑆𝑇𝑖𝑗
Distance between i and j weighted by the population and 

Constant Elasticity of Substitution 
Kilometres CEPII 

𝐴𝐷𝐽𝑖𝑗
Variable that takes value 1 if the country pair shares a 

common border and 0 otherwise 
CEPII 

𝐿𝐴𝑁𝐺𝑖𝑗

Variable that takes value 1 if at least 10% of the exporter and 

importer country inhabitants speak the same language and 0 

otherwise 

CEPII 

𝐶𝑂𝐿𝑖𝑗
Variable that takes value 1 if  both countries share past 

colonial linkages and 0 otherwise 
CEPII 

Source: Author´s own elaboration. CEPII corresponds to “Centre d´Études Prospectives et d’Informations 

Internationelles”, ITU “International Telecommunications Union”, WDI “World Development Indicators” and WEO 

“World Economic Outlook 
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Table 6A2 Descriptive statistics 

Variable 
Only pairs with all 𝒙𝒊𝒋𝒕 > 𝟎 Full sample 

Observations Mean Std. Dev. Observations Mean Std. Dev. 

ln 𝑥𝑖𝑗𝑡 38 542 5.064 2.821 

ln 𝐼𝑈𝑖,𝑡−1 35 789 3.415 1.001 37 557 3.391 1.012 

ln 𝐼𝑈𝑗,𝑡−1 35 789 3.397 1.021 37 557 3.393 1.016 

ln 𝐺𝐷𝑃𝑖,𝑡−1 35 789 19.751 1.470 37 557 19.688 1.495 

ln 𝐺𝐷𝑃𝑗,𝑡−1 35 789 19.730 1.500 37 557 19.677 1.511 

𝑅𝑇𝐴𝑖𝑗,𝑡−1 35 789 0.311 37 557 0.301 

ln 𝐷𝐼𝑆𝑇𝑖𝑗 2 753 8.487 1.030 2 889 8.514 1.024 

𝐴𝐷𝐽𝑖𝑗 2 753 0.039 2 889 0.038 

𝐿𝐴𝑁𝐺𝑖𝑗 2 753 0.081 2 889 0.077 

𝐶𝑂𝐿𝑖𝑗 2 753 0.132 2 889 0.030 

Source: Author´s own elaboration 
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Chapter 7: ICT impacts on trade: a comparative 

dynamic analysis for Internet, mobile phones and 

broadband 

Abstract 

This paper investigates the impact of Internet use, mobile phones and broadband on bilateral 

trade flows using a dynamic gravity model and panel data for the 2000‒2013 period. First, we 

test the positive influence of the three ICTs on exports for aggregate data. Second, we test the 

impact of ICT use on bilateral flows separately for each type of technology, differentiating the 

effects by country income levels. We provide consistent estimates by taking into account the 

dynamics of the trade flows on the one hand and the potential endogeneity and reverse causality 

between trade and ICT on the other. We find a significant and positive relationship between 

each type of ICT and bilateral exports. The results show that the impacts vary depending on the 

type of technology. Unlike previous studies, our findings suggest that the effect of ICT use is 

larger for bilateral trade flows among developed countries. The greatest effect is found for 

exports among high-income countries, for which an increase of 1% in Internet users in the 

import country increases exports by 0.32%. For mobile phones the greatest effect is found for 

trade from high-income to low- and middle-income countries, for which an increase of 1% in 

mobile phones in the import countries raises exports by 0.36%. We contribute to the literature 

by providing new empirical evidence on the impacts of specific information technologies on 

trade as well as investigating the impacts on bilateral flows between developed and developing 

countries within a dynamic framework.  

Keywords: exports, ICT, Internet, gravity model, digital divide, dynamic model 

JEL Classification: F10, F14 



Chapter 7: ICT Impacts on trade: a comparative dynamic analysis for Internet, mobile phones and 

broadband 

Page 234 of 342 ©Ernesto Rodríguez Crespo 

7.1. Introduction 

In recent decades, expansion of international trade has taken place together with the diffusion 

of information and communication technologies (ICTs). According to the World Bank, the 

world export value was multiplied almost by five during the period 2000‒2013 (the 2013 export 

value index for the 2000 base period was 296%). In the same period, the percentage of total 

Internet users grew from 6.8% to 36.7%, the mobile phone subscriptions per 100 people 

increased from 12.1 to 93.2 and the fixed broadband subscriptions per 100 people rose from 0.8 

in 2001 to 23.3 in 2013.  

Given the features of ICTs and their possible effects on trade, the academic literature has 

explored the possible relationships between the two phenomena. The effects of ICTs on trade 

have been explored based on the role of the impacts that trade costs have on trade flows 

(Krugman, 1980; Grossman and Helpman, 1995; Venables, 2001). The transport costs 

associated with distance, information and communication costs and, in general, entry costs to 

new markets are considered to be trade barriers that may affect opportunities for trade (Melitz, 

2003; Anderson and Van Wincoop, 2004; Fink et al., 2005). ICT usage may reduce the 

transaction costs associated with international trade operations (Venables, 2001; Kauffman and 

Kumar, 2008; Lin, 2015). ICT and Internet use, in particular, contribute to facilitating the access 

to and diffusion of information and knowledge about markets, products, suppliers and agents. 

Firms that use the Internet may be more able to improve the quality of communication while 

communicating more quickly and cheaply. The academic literature has also investigated how 

ICT use has different impacts on reducing the trade costs associated with the role played by 

geographical distance (Venables, 2001; Marquez-Ramos et al., 2007; Kauffman and Kumar, 

2008; Bojnec and Fertö, 2009).  

The cost reductions associated with ICT use may be influenced by several factors, such 

as the stage of the ICT diffusion process, the type of ICT use, trade specialization and other 

features associated with the level of development (Flam and Helpman, 1987; Clarke and 

Wallsten, 2006; Demirkan et al., 2009; Vemuri and Siddiqi, 2009). Empirical studies, usually 

employing a gravity model framework, have investigated the relationship between ICT use and 

trade and found a positive influence of ICT (Freund and Weinhold, 2002, 2004; Clarke and 

Wallsten, 2006; Vemuri and Siddiqi, 2009; Meijers, 2014). However, most studies have 

referred mainly to Internet use. In addition, some of them, covering ICT use in previous 

decades, have focused on developed countries (Freund and Weinhold, 2002; Yushkova, 2014) 
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or developed and developing economies, employing cross-sectional data (Marquez-Ramos and 

Martínez-Zarzoso, 2005; Clarke and Wallsten, 2006). Other scholars who have used panel data 

(Adjasi and Hinson, 2009; Bojnec and Fertö, 2009; Liu and Nath, 2013) covering both 

developed and developing economies have not differentiated the effects by type of technology 

or by income levels (Freund and Weinhold, 2004; Vemuri and Siddiqi, 2009). In addition, those 

studies using panel data have employed static models that do not take into account trade as a 

dynamic process.  

Given that technology diffusion evolves according to the evolution of technology use 

over time and that the academic literature has demonstrated that ICT adoption and use show 

technology- and country-specific diffusion patterns, first, this study investigates whether 

Internet use and mobile phone and broadband subscriptions positively influence trade at the 

aggregate level. Second, the research aims to determine possible differentiated impacts by the 

type of technology. Finally, we test the impacts taking into account the country income levels. 

We use a gravity model approach with panel data for the period 2000‒2013 for 55 countries. 

This chapter contributes to the literature in various ways. First, it sheds light on the effects 

of ICTs on bilateral trade in the period of the greatest diffusion of three different technologies 

(2000‒2013). Second, by disaggregating the analysis by the type of ICT and the income level, 

we provide new evidence about the trade relationships affected by ICT use. Third, by using a 

dynamic panel model, we overcome some methodological issues, such as omitted variable bias 

(Egger, 2000), as we provide consistent estimates of the ICT impacts by taking into account the 

significant persistence of trade flows. In addition, we tackle endogeneity and reverse causality 

issues by using lagged variables as instruments and the generalized method of moments 

estimators.  

The rest of the chapter is organized as follows. Section 7.2 provides a literature review 

on the impacts of ICTs on bilateral trade flows. Section 7.3 shows some features of the current 

ICT diffusion process. Section 7.4 presents the research model and variables. Section 7.5 

focuses on methodological issues and data. Section 7.6 assesses the proposed dynamic model 

specification. And Section 7.7 presents the main findings of our research. We finish the paper 

with some conclusions and a discussion. 
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7.2. Literature review 

From a theoretical perspective, the potential impacts of ICTs on trade are associated with a 

reduction in trade costs. Mainly through their effects on entry costs (Freund and Weinhold, 

2004), ICTs may influence trade, particularly communication costs (Harris, 1995; Tang and 

Trevino, 2010). In general, the use of these technologies may help firms to decrease their search 

(Venables, 2001; Demirkan et al., 2009; Ahmad et al., 2011), management and control, and 

shipping and time costs (Venables 2001; Demirkan et al., 2009). ICTs also facilitate higher-

speed communication while improving the quality of communications (Harris, 1995; 

Cairncross, 1997; Freund and Weinhold, 2004). By facilitating easier and cheaper access to 

information and knowledge, ICTs may favor information about products and prices in the 

marketplace (Venables, 2001), fostering the relationships between suppliers and customers and 

suppliers and sellers and thereby resulting in a reduction in information and coordination costs 

(Freund and Weinhold, 2000; Venables, 2001; Kachwamba and Saebo, 2012). 

The academic literature has investigated the impacts of ICTs on trade using gravity 

models that capture bilateral trade flows. Within the standard gravity trade model, it is assumed 

that bilateral trade is positively associated with countries’ size and negatively associated with 

distance, since it is expected that transport costs increase with distance (Tinbergen, 1962; 

Pöyhonen, 1963). In its augmented version, the gravity equation includes multilateral resistance 

terms to capture the influence on bilateral trade of trade barriers from the rest of the trading 

partners (Anderson and Van Wincoop, 2003). In addition to these traditional variables, the 

empirical studies exploring the effects of ICTs on bilateral flows have incorporated ICT 

measures. Although most of them have identified a positive relationship between ICTs and 

trade, the data refer to previous stages of ICT diffusion and usually only include Internet hosts 

or Internet users.  

Some researchers have investigated the relationships between ICT and trade using cross-

sectional data mostly relating to OECD countries. Freund and Weinhold (2002) found that US 

exports in services grew faster in those countries exhibiting a higher number of Internet hosts 

for a sample of 31 middle- to high-income countries in the year 2000. These authors also 

concluded that, from 1995 to 1999, the 10% growth in web hosts in 56 countries resulted in a 

0.2 percentage point increase in export growth (Freund and Weinhold, 2004). Clarke and 

Wallsten (2006), using bilateral trade data for 2001 and a sample of 52 developed and 46 

developing countries, found that Internet hosts exert a positive impact on developing countries’ 
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exports. At the firm level and employing data for 1999, Clarke (2008) concluded that small and 

medium-sized firms that were in the transition economies of Eastern Europe and Central Asia 

were more likely to export than companies that were not.  

Some authors, employing panel data, have overcome the limitations found in gravity 

models that use cross-sectional data (Egger, 2000). Bojnec and Fertö (2009), with data for 29 

OECD countries from 1995 to 2003, identify a positive relationship between Internet use and 

manufacturing export growth. In a later study, the same authors (Bojnec and Fertö, 2010) 

demonstrate a significant and increasing effect of Internet use on the food industry for the same 

period. Adjasi and Hinson (2009) investigate the Internet’s impacts on exports in African 

countries, finding that, for each point of growth in Internet use, exports grew by 2.2 percent in 

the period 1996‒2006. Liu and Nath (2013) find, for a group of 40 emerging market economies, 

that Internet hosts and Internet subscriptions have significant positive impacts on both export 

and import flows.  

Other researchers have explored the impacts of ICTs on trade using an ICT index. For 

example, Márquez-Ramos and Martínez-Zarzoso (2005), employing data for the year 1999, 

investigated the effects of the Technology Achievement Index (TAI) on international trade for 

a sample of 62 developed and developing countries. They found that the effects of the index are 

greater for high-income countries than for low-income economies. Vemuri and Siddiqi (2009) 

used factor analysis to investigate the impact of a factor that comprises telephone lines, personal 

computers and Internet users to capture the effect of ICTs between 1985 and 2005 in 64 

countries. They concluded that the factor shows a positive influence on bilateral trade flows. 

Portugal-Perez and Wilson (2012), for a sample of 101 developed and developing countries, 

studied the effect of a weighted ICT index that includes the availability of the latest ICT, the 

level of technology absorption, business Internet use and government prioritization of ICTs on 

export performance. They found a positive effect of ICTs on exports, with the impact for richer 

countries being the largest.  

However, very few authors have compared the effects of several ICTs. Furthermore, the 

evidence is far from conclusive, because the variables included in these papers, and therefore 

the results obtained, differ greatly. Ahmad et al. (2011) investigated the impact of mobile and 

fixed-line telephone subscribers and personal computer and Internet users, but the study only 

covers trade flows between Malaysia and its 36 trading partners and the period from 1980 to 

2008. Although all three indicators are positive and statistically significant, the greatest effects 
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are found for mobile and fixed-line telephone subscribers, followed by personal computers and 

Internet users.   

Chung et al. (2013) examine the impact of the use of the Internet, mobile telephones and 

fixed telephone lines on the bilateral flows of fruits and vegetables among APEC countries for 

the period 1997‒2006. Although they identify a positive effect for Internet use, they obtain the 

unexpected result that the greatest impact is due to fixed telephone lines, whereas no effect is 

found for mobile phones. Liu and Nath (2013), using panel data for 40 emerging market 

economies for the period from 1995 to 2010, investigate the growth of telecom investment, 

broadband, Internet subscriptions and Internet hosts. Their empirical results show that Internet 

subscriptions and Internet hosts have significant positive impacts on the export and import 

flows in the emerging economies selected. However, these authors do not investigate the effects 

of either mobile phone use or broadband subscriptions, and the study only refers to emerging 

countries.  

As for the methodological approach, the panel data allow us to investigate the trade 

process while taking into account the unobserved heterogeneity across country pairs and 

dynamic effects that are not detectable in cross-sectional analyses. With regard to studies using 

gravity models and panel data, most of them have proposed a static model specification. 

However, if trade is a dynamic process, a static specification might produce upward-biased 

estimates of the regressors’ influence. The dynamic panel data model for the gravity equation 

enables us to provide consistent estimates while modeling the persistence of bilateral trade. 

To sum up, although most of the previous literature has found a positive influence of ICT 

on bilateral trade, a large number of studies have only covered Internet hosts or Internet users. 

Only a very few have included other technologies in the analysis, and many of them have 

focused on emerging economies and APEC countries or a very specific sector. In addition, most 

of them have applied cross-sectional analysis along with static models. Very few studies have 

taken into account the dynamics of the trade flows. There are no studies comparing the effects 

of several technologies on bilateral flows of goods for both developed and developing countries 

covering simultaneously the most recent period of ICT diffusion and the dynamics of trade.  
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7.3. ICT diffusion: differences by types of technology and income levels 

Technology diffusion is usually represented by s-shaped curves that show the evolution of 

technology adopters over time. In the period 2000–2013, a remarkable transformation occurred 

in ICT S-shaped curves.  

The literature has demonstrated that, in addition to technology-specific diffusion patterns, 

ICT diffusion trajectories are country-specific. In fact, ICT diffusion patterns appear to be 

associated with differences in development levels (Dewan et al., 2005; Lechman, 2015). Figure 

7.1 shows the diffusion pattern for Internet use in developed and developing economies.  

Figure 7.1. Diffusion curve of Internet users for the world, high-income countries and low- and 

middle-income countries.  

The percentage of total Internet users grew from 6.8% in 2000 to 36.7% in 2013. This 

rate increased from 30 to 76.9 in developed economies and from 1.4 to 28.9 in developing ones. 

Figure 7.2 presents the diffusion pattern for mobile phone subscriptions per 100 people, 

which grew from 12.1% in 2000 to 93.2% in 2013, at the aggregate level. The rate rose from 

49.2% to 117.1% in developed countries and from 4.1% to 88.0% in developing ones.  
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Figure 7.2. Diffusion curve of mobile phone subscriptions for the world and for high-income 

and low- and middle-income countries.   

In the case of the African countries, the fast growth in mobile phone subscriptions is 

remarkable. It is mainly associated with Internet use, Internet applications and public services 

(Etransform in Africa). According to James (2013), low-cost innovations are more likely to be 

expanded quickly and may exhibit higher growth rates in the final stages. The mobile phone 

diffusion in these types of countries is explained by the fact that many of them do not have 

access to a fixed telephone infrastructure. As for the type of use, the vast majority of mobile 

phone use is related to social interaction rather than business use, which is still very low (James, 

2014). 

With regard to fixed broadband subscriptions, Figure 7.3 shows that the aggregate rate 

grew from 0.8% in 2001 to 23.3% in 2013. The broadband rate increased from 3.4% to 29.4% 

in developed countries in the 2001–2013 period and from 0.1% in 2002 to 6.1% in 2013 in 

developing countries. 
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Figure 7.3. Diffusion curve of fixed broadband subscriptions for the world and for high-income 

and low- and middle-income countries.  

These differences in ICT diffusion according to the types of technology and taking into 

consideration the differences in development levels justify the interest in investigating the 

impacts of several technologies on trade separately, while also taking into account the 

differences between the developed and the developing world.  

7.4. Research model and variables 

In accordance with the previous literature, the present research investigates whether ICT 

positively influences trade, taking into consideration trade dynamics, differences in types of 

technology and country income levels. First, we test whether the use of the Internet, mobile 

phones and broadband has a positive influence on bilateral trade flows. Second, taking into 

account the differences in ICT diffusion patterns, we aim to test whether the impacts of ICTs 

on bilateral trade vary according to the type of ICT. Third, we investigate whether the impacts 

of ICTs differ according to development levels. Our specific research hypothesis is as follows: 

H2: In a dynamic trade context, the impact of ICTs on trade differs by type of technology and 

economic development levels.  

We propose a gravity model based on the widely used standard gravity trade model to 

investigate bilateral trade flows. Within this framework bilateral trade is assumed to be 

0

5

10

15

20

25

30

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

U
se

rs
 p

er
 1

0
0

 p
eo

p
le

Source: Author´s own elaboration from World Bank data

High-income

Low- and middle- income

All countries (world)



Chapter 7: ICT Impacts on trade: a comparative dynamic analysis for Internet, mobile phones and 

broadband 

Page 242 of 342 ©Ernesto Rodríguez Crespo 

associated positively with country size and negatively with distance (Tinbergen, 1962; 

Pöyhonen, 1963; Berthelon and Freund, 2008). The augmented gravity equation in log-linear 

form includes the lagged bilateral exports, so we define the dynamic gravity equation as 

follows: 

ln EXPijt = 0 + 1 ln EXPij,t-1 + 2 lnICTi,t-1 + 3 ln ICTj,t-1 + 4 ln GDPi,t-1 + 5 ln GDPj,t-1 

+ 6 RTAij,t-1 + 7 ln DISTij + 8 ADJij + 9 LANGij + 10 COLij + i + j + t + ij + ijt   (1) 

where ln denotes variables in natural logs and the subscripts i, j and t denote the exporter 

country, importer country and time, respectively. The dependent variable, EXPijt, represents the 

bilateral exports from country i to country j in year t. ICTi,t-1 and ICTj,t-1 are the one-year-lagged 

ICT usage in countries i and j, respectively. GDPi,t-1 and GDPj,t-1 are the one-year-lagged GDP 

in current PPP US$ of the exporting and importing countries, respectively. RTAij,t-1 is a one-

year-lagged dummy included to capture whether i and j are both members of a regional trade 

agreement in year t, and DISTij stands for the bilateral distance between exporter and importer 

countries. The model also includes dummy variables for capturing a common border (ADJij), 

common language (LANGij) and colonial link (COLij). 

The persistence of trade flows is captured by the lagged bilateral exports, EXPij,t-1. The 

ICT explanatory variable stands alternatively for Internet users, mobile phone subscriptions and 

fixed broadband subscriptions per 100 people. We expect ICTs to be associated positively with 

exports due to lower market entry costs, such as those related to information, communication, 

shipping costs and management costs (Venables, 2001; Freund and Weinhold, 2004; Clarke 

and Wallsten, 2006), as previously mentioned. Additionally, we take into account the potential 

endogeneity issues usually associated with trade models. First, we believe that the relationships 

between ICTs and exports might influence each other (reverse causality). Those countries that 

trade more are also those that register higher levels of ICT use (Freund and Weinhold, 2002, 

2004; Clarke and Wallsten, 2006; Adjasi and Hinson, 2009; Bojnec and Fertö, 2009). To avoid 

endogeneity problems, ICT usage is lagged by one year. In addition, the evidence confirms that 

the highest level of ICT usage corresponds to high-income countries. That would explain why 

some researchers believe that the GDP should be treated as endogenous (Vemuri and Siddiqi, 

2009) and why it is also included in the model as a lagged variable. The academic literature 

takes into account the potential endogeneity associated with the effect of trade agreements on 

trade relationships (Baier et al., 2014), given that countries concentrate on trade with those 
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countries with which they currently trade (Krishna, 2005). To capture this effect, control 

variables for trade agreements are usually included in gravity models (Rose, 2004; De Sousa, 

2012). We incorporate the trade agreement variables lagged by one year due to the potential 

endogeneity issue. 

The dynamic panel model specification allows us to control for the omitted variable bias. 

In sum, we incorporate the lagged dependent variable to capture the dynamics of the trade flows 

and the one-year-lagged variables for ICT usage, GDP and regional trade agreements to deal 

with the aforementioned endogeneity issues. As long as the error term is not serially correlated, 

the lagged endogenous variables are predetermined regressors. Thus, lags naturally become the 

instrumental variables that allow us to identify the parameters. 

The set of time-invariant variables included in our model is as follows. First, DISTij is 

included as an explanatory variable in the basic gravity models (Tinbergen, 1962), assuming 

that countries tend to concentrate on bilateral relations within nearby countries (Anderson and 

Van Wincoop, 2003). For the rest of the variables included as dummies, we follow Frankel’s 

(1997) gravity specification as a reference. Adjacency (ADJij) follows the assumption that 

countries sharing a bilateral common border will export more (Egger, 2005; Fink et al., 2005; 

Demirkan et al., 2009). This variable takes a value of 1 if the two countries are adjacent and 0 

otherwise. Finally, the last two variables are institution-based, given that, according to Nunn 

and Trefler (2014), the institutional framework can be considered a source of comparative 

advantage: LANGij reflects two countries sharing a common language, as this decreases the 

communication costs and increases the trade relationship (Egger, 2005; Melitz, 2008; 

Ginsburgh et al., 2017). LANGij takes a value of 1 if the inhabitants from the two countries share 

a common language and 0 otherwise. The last variable, COLij, is included under the assumption 

that former colonial linkages reduce the current transaction costs and thus increase trade 

(Rodrik, 2011). COLij, which has been included by different authors as an explanatory variable 

(Freund and Weinhold, 2004; Vemuri and Siddiqi, 2009), takes a value of 1 if the exporter and 

the importer country share former colonial linkages and 0 otherwise. 

Lastly, we take into account MRTs: The lagged dependent variable allows us to control 

for time-varying components of the MRTs (Eichengreen and Irwin, 1998; Baldwin, 2006; 

Martínez-Zarzoso et al., 2009). In addition, we introduce a set of dummy variables that identify 

exporter, importer and time effects to mitigate the third-country omitted variable bias. The 

terms  𝜑𝑖 and 𝜑𝑗 denote both the exporter and the importer country fixed effects to control for 
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particular characteristics of each country, while 𝛾𝑡 represents time effects to control for cyclical 

factors affecting all countries. ij represents the unobservable bilateral country pair term and 

𝑣𝑖𝑗𝑡 denotes the idiosyncratic error term. 

7.5. Data and methodology 

We use panel data covering the period 2000–2013 for 55 countries, with 34 being high-income 

countries and 21 being low- and middle-income economies according to the World Bank’s 

classification. Bilateral exports and countries’ GDP are taken from the International Monetary 

Fund. The World Bank and ITU are the sources employed for Internet users and mobile phone 

and fixed broadband subscriptions per 100 inhabitants. Table 7A1 describes all the variables, 

units and data sources. The database is a balanced panel with some zero flows. Specifically, the 

database contains 623 observations with zero bilateral trade that affected 136 country pairs 

(4.7% of the pairs). After dropping these country pairs, the number of combinations of exporter 

and importer pairs is 2,753, giving a total of 35,789 observations. Table 7A2 shows the main 

descriptive statistics for all the variables as well as the slight differences in the main descriptive 

statistics between the full and the nonzero sample.  

Working with panel data allows us to study the bilateral export process while taking 

account of both the dynamic effects and the unobserved heterogeneity across country pairs that 

are not detectable in cross-sectional analyses. Within the framework of the gravity equation, 

we consider the following first-order model:  

yijt =  yi,t-1 + x´ijt  + ij + vijt      (2) 

where yijt is the log of the bilateral exports from country i to country j, ij is the unobservable 

individual effect (i.e. the specific bilateral effect from the ij country pair) and vijt is the 

idiosyncratic error term. The set of right-hand-side variables includes the lagged dependent 

variable, yi,t-1, and the k regressors in the xijt vector. The regressors vector may include 

predetermined and endogenous variables that may be correlated with ij. In addition, the 

predetermined variables are potentially correlated with past errors (vij,t-s, s 1), while the 

endogenous ones are potentially correlated with past and present errors (vij,t-s, s 0). In our 

research model, one-year-lagged variables for ICT usage, GDP and regional trade agreements 

are treated as predetermined regressors to deal with reverse causality and endogeneity issues. 
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The interpretation of the regression model changes when we move to a dynamic one. In 

a static specification, the explanatory variables represent the full set of information that 

produces the observed outcome yijt. However, in a dynamic specification, the complete history 

of the right-hand-side variables is now included in the equation through the lagged dependent 

variable. Any regressor influence is measured conditioned on this history, which implies that 

the effects now represent the impact of new information (Greene, 2011). Hence, what is 

measured in a static specification differs from what is measured in a dynamic one. If trade is a 

dynamic process, a static specification may produce upward-biased estimates of the regressors’ 

influence. In addition, econometric difficulties arise in the estimation of a dynamic model.  

The unobservable heterogeneity may or may not be correlated with xijt, but the OLS and 

GLS approaches are inconsistent in the pooled regression, because either way the compound 

disturbance (ij + vijt) in the model will be correlated with yi,t-1. Taking deviations from 

individual means or taking first differences is likewise ineffective. The first-differenced 

equation produces 

yijt - yij,t-1 =  (yij,t-1 - yij,t-2)+ (xijt -xij,t-1)´ + (vijt - vij,t-1)      (3) 

However, the correlation between the lagged differences dependent variable, (yij,t-1 -yij,t-

2), and the disturbance differences, (vijt -vij,t-1), persists.  

The general approach to solving the econometric problem relies on instrumental variables 

and on generalized method of moments (GMM) estimators (Arellano and Bond, 1991; Arellano 

and Bover, 1995). Once the individual heterogeneity is eliminated from the model by taking 

first differences, a simple instrumental variables estimator is available. Lagged differences, 

lagged levels or both can be used as instrumental variables for (yij,t-1-yij,t-2). Arellano and Bover 

(1995) suggest a GMM estimator system in which the original equation in levels is added to the 

first-differenced equation. This “system GMM estimator” allows us to increase the efficiency 

by using a larger set of moment conditions that exploits all the available information in the 

sample. The same approach is extended to estimate consistently those variables that are not 

strictly exogenous in the model (potentially predetermined or endogenous regressors).  

In most cases the model is overidentified, since there are more orthogonality conditions 

(instrumental variables) than parameters. Therefore, the common approach is to use a small 

subset of the available instrumental variables (Greene, 2011). The validity of the instrument set 
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can be assessed by tests of overidentifying restrictions, such as the Hansen statistic. Stata/MP 

13 software is used in the analysis.  

7.6. Static versus dynamic model specification 

Table 7.1 reports the results for two alternative estimation methods to check the specification 

of the dynamic gravity equation presented in (1). The variable Internet users (IU) is selected for 

carrying out this analysis. The dependent variable is the natural logarithm of bilateral trade 

flows. We incorporate the potential endogenous variables (IU, GDP and RTA) as one-year-

lagged regressors to avoid endogeneity problems with respect to the time-variant error term, 

vijt. All the specifications include time fixed effects (t). Time data transformation to control for 

the unobservable heterogeneity term removes it from the model but also removes any time-

invariant variable. Therefore, exporter (i) and importer (j) effects are absorbed in ij in the 

regression, as well as any other time-invariant variables (distance, adjacency, common 

language) that are usually included in the standard gravity equation. 

Firstly, a static gravity equation version is estimated. We assume that regressors may be 

correlated with the time-invariant individual effect, ij, a specification that is known as a fixed-

effect model (FEM, column 1). The Hausman specification test corroborates this assumption, 

since the null hypothesis of noncorrelation among unobservable bilateral effects and regressors 

is rejected (
17
2 =1017.66, p-value<1%). Further tests are carried out to assess the model

specification. The Baltagi–Li Lagrange multiplier test for first-order serial correlation, 

assuming no random effects, is applied. The test rejects the null hypothesis (
1
2= 29934.29, p-

value<1%), pointing to serial correlation in the disturbance term. As a consequence, the impact 

of the endogenous variables is not estimated consistently, since the one-year-lagged regressors 

are not orthogonal to the error term, vijt. The autocorrelated error term may be due to a 

misspecification problem produced by omitted variables. We presume that the omission of the 

persistence of bilateral trade flows in the static gravity equation might be the reason for the 

serial correlation. Ignoring this fact in an empirical study may lead to incorrect estimates.   
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Table 7.1. Results for the static and dynamic gravity equation 

FEM System-GMM 

ln EXPij,t-1 0.693*** 

(0.080) 

ln IUi,t-1 0.188*** 0.137*** 

(0.022) (0.033) 

ln IUj,t-1 0.083*** 0.073*** 

(0.021) (0.023) 

ln GDPi,t-1 0.798*** 0.325*** 

(0.072) (0.085) 

ln GDPj,t-1 1.201*** 0.234*** 

(0.087) (0.061) 

RTAij,t-1 0.205*** 0.477*** 

(0.033) (0.134) 

Constant -35.548*** -10.479*** 

(2.146) (2.640) 

Time effect yes*** yes*** 

Hausman test FE – RE 1017.66 [0.000] 

Baltagi-Li LM test  29 934.29 [0.000] 

Arellano−Bond AR(1) test -13.893 [0.000] 

Arellano−Bond AR(2) test 1.364 [0.173] 

Hansen test 16.400 [0.631] 

Observations 35,789 35,789 

Time span: 2000–2013. Standard robust errors in parentheses. *, ** and *** denote significance at 10%, 5% and 

1%, respectively. FEM is the fixed-effect model and system-GMM is the generalized method of moments estimator 

system for the dynamic panel data model. The dependent variable is the log-transformation of bilateral trade flows 

(lnEXPijt). Both specifications include time fixed effects (t). The Hausman test is conducted between fixed- and 

random-effect estimates. The Baltagi–Li Lagrange multiplier test shows no first-order serial correlation in the 

static model. The AR(1) and AR(2) Arellano–Bond tests show no first- and second-order autocorrelation in the 

differenced residuals. The Hansen test assesses the validity of the instruments used in the system-GMM estimation. 

The p-values of the tests are shown in brackets. The instruments are (t-2) and (t-3) lags of lnEXPij, lnIUi, lnIUj, 

lnGDPi, lnGDPj and RTAij.  

Accordingly, the lagged dependent variable is included in the set of right-hand-side 

variables. The dynamic gravity equation is estimated using the system-GMM estimator 

proposed by Arellano and Bover (1995) and Blundell and Bond (1998). The robust two-step 

estimates are shown in column 2, Table 7.1. No autocorrelation in the error term in levels is a 

necessary condition for the valid instrumentation. The Arellano–Bond tests for autocorrelation 

on the differenced residuals are reported. The differenced residuals present first-order but no 

second-order autocorrelation, which means no serial correlation in the disturbance term in 

levels. Consequently, the lags from (t-2) to (1) are valid for instrumenting the lagged dependent 

variable and the predetermined regressors. Among all the available instruments, we use the (t-
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2) and (t-3) lags, since more distant lags will be weaker instrumental variables. The robust

Hansen test of overidentifying restrictions is reported. The null hypothesis is not rejected, 

confirming the validity of the instrument set (
19
2 =16.40, p-value=0.631). In sum, the system-

GMM estimates are consistent and the dynamic specification of the gravity equation is validated 

by the data. 

The lagged exports variable (the adjustment coefficient, 0.693) is statistically significant 

at the 1% significance level, showing that persistence plays a relevant role in exports and 

justifying the dynamic specification of the gravity model. 

Compared with the FEM estimates, the magnitudes of the IU and GDP coefficients 

decrease when a dynamic specification is adopted. This empirical outcome also supports the 

hypothesis that bilateral trade is a dynamic process, since the static specification produces 

upward-biased estimates of the regressors’ influence. All the variables show a statistically 

significant impact on the bilateral trade. The 0.137 coefficient measures the impact on bilateral 

flows due to the previous year’s Internet use in the exporter country (IUi,t-1), while 0.188 is the 

(not consistent estimate) impact due to Internet use in the previous year and further lags. ICT 

use and the economic size of the exporter country are more influential on export flows than on 

the importer country. The difference is noteworthy in the ICT variable, since the elasticity for 

Internet use in the exporter country is almost double (0.137) the elasticity for Internet use in the 

importer country (0.073). As regards the economic country size, there are large differences 

between the static and the dynamic coefficients. This might be due to high GDP persistence 

that swells the effect of the GDP in the static model, i.e. when the information on historic 

bilateral exports is not taken into account. The RTA is the only variable for which the impact 

of the last year is larger than the historical impact. This outcome is difficult to interpret, since 

it would imply a negative influence of some lagged RTA previous to (t-1).   

7.7. Impacts of ICT on trade: dynamic gravity equation results 

7.7.1. Analysis by type of ICT 

Having confirmed bilateral trade to be a dynamic process, the way to provide unbiased 

estimates of the gravity equation is to control for the persistence effect. The dynamic gravity 

model specification defined in the previous section is applied to compare consistently the trade 
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effects from different ICT measures. Table 7.2 displays the results for Internet users per 100 

people (column 1), mobile phone subscriptions per 100 people (column 2) and fixed broadband 

subscriptions per 100 people (column 3). The lack of available broadband data for a majority 

of countries prior to 2004 explains the estimation of the three panel regressions in the 2004–

2013 span for the sake of timing comparability.  

Table 7.2. Results for different ICT technologies under the dynamic gravity equation 

Internet users Mobile phones Broadband 

ln EXPij,t-1 0.636*** 0.626*** 0.658*** 

(0.089) (0.100) (0.083) 

ln IUi,t-1 0.196*** 

(0.054) 

ln IUj,t-1 0.115*** 

(0.035) 

ln MOBi,t-1 0.315*** 

(0.094) 

ln MOBj,t-1 0.040 

(0.068) 

ln BRBi,t-1 0.116*** 

(0.031) 

ln BRBj,t-1 0.053*** 

(0.019) 

ln GDPi,t-1 0.391*** 0.419*** 0.357*** 

(0.096) (0.112) (0.087) 

ln GDPj,t-1 0.282*** 0.295*** 0.261*** 

(0.069) (0.079) (0.064) 

RTAij,t-1 0.536*** 0.600*** 0.502*** 

(0.137) (0.175) (0.133) 

Constant -12.870*** -14.084*** -11.093*** 

(3.165) (3.643) (2.698) 

Time effect yes*** yes*** yes*** 

Arellano-Bond AR(1) test -7.25 [0.000] -6.57 [0.000] -7.75 [0.000] 

Arellano-Bond AR(2) test 1.42 [0.156] 1.43 [0.153] 1.64 [0.100] 

Hansen test 7.32 [0.397] 8.41 [0.298] 7.66 [0.364] 

Observations 24,777 24,777 24,678 

Time span: 2004–2013. Standard robust errors in parentheses. *, ** and *** denote significance at 

10%, 5% and 1%, respectively. System-GMM estimates for the dynamic panel data model. The 

dependent variable is the log-transformation of bilateral trade flows (lnEXPijt). The AR(1) and AR(2) 

Arellano–Bond tests show no first- and second-order autocorrelation in the differenced residuals. The 

Hansen test assesses the validity of the instruments used in the system-GMM estimation. The p-values of 

the tests are shown in brackets. The instruments are (t-2) and (t-3) lags of lnEXPij, lnIUi, lnIUj, lnGDPi, 

lnGDPj and RTAij.   
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The first result that should be emphasized is that the lagged dependent variable is 

significant in all three specifications. This shows that past values determine current values of 

bilateral exports and confirms that, in a context of persistence, the implementation of a dynamic 

panel is appropriate. The magnitude of the persistence effect lies in a narrow range between 

0.626 and 0.658. 

The results evidence a positive and significant impact on trade from the Internet, mobile 

phones and broadband for the exporter country, with the effects being greater for mobile 

phones. We also find a positive and significant effect for the importer country in the case of the 

Internet and broadband, albeit lower than that for the exporter country. The impact of Internet 

use in the exporter country on bilateral trade is 0.196, whereas the effect on the importer country 

is 0.115 (column 1). A similar result is obtained for broadband elasticity in the exporter country 

(0.116) in comparison with the result obtained for the importer country (0.053) (column 3). In 

the case of mobile phones, the positive impact on bilateral exports (0.315) is only significant 

for the exporter country (column 2).  

In terms of the rest of the variables included in the model, our results show a positive and 

significant impact of exporter and importer economic sizes, even when accounting for their 

potential endogeneity. Again, the elasticities in the exporter country size are larger than those 

in the importer country size. In the case of RTAs, the results point to a positive influence of 

trade agreements to stimulate trade, in line with the previous literature even under the 

assumption of potential endogeneity highlighted by Baier and Bergstrand (2007). 

In sum, the findings obtained from the dynamic panel gravity model and the system-

GMM estimation for the 2004–2013 period confirm the dynamic character of trade flows and 

the positive influence of the three types of ICT on bilateral trade flows, with mobile phones 

being the technology that shows the greatest impact, particularly in the exporter country.  

7.7.2. Analysis by development levels 

Having analyzed the impacts of the Internet, mobile phones and broadband on bilateral exports, 

we focus on investigating these effects disaggregating by income levels. Table 7.3 displays the 

results by income groups and types of technology.  
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The lagged dependent variable is significant in all three specifications and scenarios 

regardless of the type of technology and the income level, thereby indicating the robustness of 

the dynamics in trade flows. 

The results for Internet use are displayed in columns 1, 2 and 3. The results show that the 

positive effects of Internet use on exports for the exporter country are mainly registered in trade 

flows between high-income countries (column 1, 0.224) and from high-income to low- and 

middle-income countries (column 2, 0.292). As for the effects for the importer country, Internet 

use also influences the bilateral flows between high-income countries to a greater extent 

(column 1, 0.319).  
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Table 7.3. Results by income groups and types of technology considered for the analysis 

Column 1 2 3 4 5 6 7 8 9 

Exporter High High Low and middle High High Low and middle High High Low and middle 

Importer High Low and middle High High Low and middle High High Low and middle High 

ln EXPij,t-1 0.858*** 0.655*** 0.708*** 0.774*** 0.707*** 0.762*** 0.824*** 0.666*** 0.710*** 
 (0.064) (0.174) (0.128) (0.087) (0.164) (0.120) (0.081) (0.165) (0.131) 

ln IUi,t-1 0.224** 0.292** -0.019       

 (0.098) (0.131) (0.067)       

ln IUj,t-1 0.319** 0.126** 0.184       

 (0.137) (0.057) (0.143)       

ln MOBi,t-1    0.347** 0.196 0.121    

    (0.144) (0.186) (0.183)    

ln MOBj,t-1    -0.161 0.355*** -0.404    

    (0.157) (0.126) (0.417)    

ln BRBi,t-1       0.107** 0.201** 0.019 
       (0.048) (0.082) (0.069) 

ln BRBj,t-1       0.109** 0.157*** -0.03 
       (0.049) (0.056) (0.099) 

ln GDPi,t-1 0.126** 0.356* 0.325** 0.239** 0.325* 0.274*** 0.158* 0.330* 0.323** 
 (0.063) (0.192) (0.141) (0.096) (0.185) (0.131) (0.081) (0.184) (0.147) 

ln GDPj,t-1 0.079* 0.309** 0.223** 0.165** 0.281** 0.186* 0.109* 0.285** 0.243** 
 (0.044) (0.146) (0.106) (0.070) (0.139) (0.096) (0.060) (0.138) (0.120) 

RTAij,t-1 0.263** 0.319* 0.143* 0.377** 0.294* 0.135* 0.301** 0.340** 0.139* 
 (0.119) (0.171) (0.077) (0.157) (0.165) (0.073) (0.142) (0.166) (0.075) 

Constant -5.691** -13.218*** -10.259*** -7.755** -13.244** -6.718* -5.077* -11.527** -9.856** 
 (2.707) (6.267) (4.531) (3.047) (5.658) (3.089) (2.600) (5.657) (4.510) 

Time effect yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes*** yes*** 

AR(1) test -5.86 [0.000] -4.11 [0.000] -4.81 [0.000] -5.45 [0.000] -4.41 [0.000] -5.08 [0.000] -5.60 [0.000] -4.27 [0.000] -4.80 [0.000] 

AR(2) test 1.69 [0.090] 1.65 [0.098] 0.15 [0.880] 1.59 [0.111] 1.83 [0.067] 0.30 [0.768] 1.67 [0.095] 1.68 [0.094] 0.31 [0.758] 

Hansen test 8.99 [0.533] 12.18 [0.273] 12.53 [0.251] 4.50 [0.721] 12.78 [0.078] 13.56 [0.060] 7.38 [0.689] 10.35 [0.410] 11.98 [0.286] 

Observations 9,891 5,922 5,805 9,891 5,922 5,805 9,891 5,888 5,772 

Time span: 2004–2013. Standard robust errors in parentheses. *, ** and *** denote significance at 10%, 5% and 1%, respectively. System-GMM estimates for the dynamic panel data model. The dependent variable is 

the log-transformation of bilateral trade flows (lnEXPijt). The AR(1) and AR(2) Arellano–Bond tests show no first- and second-order autocorrelation in the differenced residuals. The Hansen test assesses the validity of 
the instruments used in the system-GMM estimation. The p-values of the tests are shown in brackets. The instruments are (t-2) and (t-3) lags of lnEXPij, lnIUi, lnIUj, lnGDPi, lnGDPj and RTAij.
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With regard to mobile phones (columns 4, 5 and 6), the results clearly show 

differences between developed countries and developing ones. The impacts on trade due 

to mobile phone use are significant and positive for the exporter country in the case of 

trade flows between high-income economies (column 4, 0.347). The effects of using 

mobile phones in the trade flows from high-income to middle- and low-income countries 

are only significant for the importer country (column 5, 0.355). These findings might be 

related to the expansion of mobile phones in certain developing economies in which 

fixed-line telephones could have been substituted by mobile phones, particularly in those 

countries in which firms use mobile phones to perform trade activities.  

Lastly, with regard to broadband use, the results are significant and positive for 

trade flows between high-income countries for both the exporter and the importer country 

(column 7, 0.107 and 0.109, respectively) as well as for exports from high-income 

economies to developing ones (column 8, 0.201 and 0.157, respectively). In fact, the 

highest coefficients are found for the bilateral relationships between high-income 

countries and low- and middle-income countries, with the greatest impact being for the 

exporter country.  

As for the rest of the variables, the size effects for the exporter and the importer 

country are positive and statistically significant, meaning that countries tend to trade with 

larger countries, in line with the standard gravity theory. Bilateral trade agreements also 

show a positive and significant effect (at the 10% significance level) on trade flows for 

all the income groups and types of ICT considered. 

7.8. Concluding comments and discussion 

This chapter aims to investigate the impacts of ICTs on bilateral trade flows using panel 

data for the 2000–2013 period. We aim to test the hypothesis that in a dynamic trade 

context, the impact of ICTs on trade differs by types of technologies and economic 

development levels. In particular, we investigate the influence of Internet, mobile phone 

and broadband use on bilateral flows for both developed and developing countries. Our 

results demonstrate a significant and positive relationship between each of the three 

technologies and bilateral trade flows. Second, we demonstrate that the effect of ICTs on 

bilateral exports should consider differences in impacts depending on the type of 
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technology. Moreover, the results depend not only on the type of ICT use but also on the 

income level of the trade partners. Although the vast majority of the previous empirical 

evidence refers to Internet use, the findings for the whole sample suggest that the effects 

of ICT use on trade are greater for mobile phones and for exporter countries, since the 

effects for importer countries are not significant. The impacts of Internet and broadband 

use are significant and positive for both exporter and importer countries, although the 

effect is slightly larger in the case of Internet use. When we disaggregate by income 

groups, we find that in general the effects of ICT use are larger for trade flows between 

high-income countries, both for exporters and for importers. However, in the case of 

Internet use and broadband, the greatest effect is found for exports from high-income to 

low- to middle-income countries. We also find that, although mobile phone use positively 

influences exports between high-income countries, the results are not significant for the 

importer country. For low- and middle-income countries, the use of ICTs is only 

significant in the trade relationships with rich countries. This may point to the fact that 

the use of ICTs in trade flows involving developing countries is more related to imports 

from the developed economies given the greater extent of ICT use in these parts of the 

world. These results may indicate that the type of trade exchange in south–south trade 

flows is still not so influenced by the use of these technologies. By the type of technology, 

the coefficients of the use of mobile phones and broadband for the importer country in 

the case of low- and middle-income imports from developed countries are remarkable. 

This emphasizes the role played by mobile devices and the broadband infrastructure in 

trade relationships for the developing world. We also find that the positive and significant 

coefficient of the lagged dependent variable justifies the use of a dynamic gravity 

framework rather than the static one that has usually been employed in the literature. 

Moreover, not taking into account the persistence of trade would lead to upward-biased 

estimates of the regressors’ influence, as demonstrated by comparing the static and 

dynamic model specifications (Section 7.6). Hence, the present research provides 

consistent estimates of ICT and size impacts on trade flows. 

This chapter sheds light on how the impacts of ICT use on trade are distributed 

according to the types of technology and trade relationships taking into consideration 

income-level groups. However, some limitations need to be mentioned. First, further 

research should overcome the limitations related to the availability of ICT use data for 

some developing countries that would have allowed us to cover a larger sample during 
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the period considered. Second, the present study should be complemented with a sectoral 

analysis that may help us to understand the relevance of trade specialization when 

exploring the impacts of ICT use on trade relationships between the developed and the 

developing world on the one hand and between developing countries on the other. The 

increasing share of bilateral flows between developing countries opens up new 

opportunities for research by disaggregating the analysis by sectors/products and 

countries.  
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Appendix 

           Table 7A1 Variables description and sources

Variable Description Units Source 

𝐸𝑋𝑃𝑖𝑗𝑡 , 𝐸𝑋𝑃𝑖𝑗,𝑡−1  
Aggregate bilateral exports from i to j countries during year t 

and 1-year lagged, respectively. 
USD'000 

IMF-Direction of 

Trade Statistics 

𝐼𝑈𝑖,𝑡−1, 𝐼𝑈𝑗,𝑡−1 Internet users for i and j countries, one year lagged. 
Users per 100 

inhabitants 

World Bank- WDI 

and ITU 

𝑀𝑂𝐵𝑖,𝑡−1, 𝑀𝑂𝐵𝑗,𝑡−1 
Mobile phone subscriptions for i and j countries, 1-year 

lagged. 

Users per 100 

inhabitants 

World Bank- WDI 

and ITU 

𝐵𝑅𝐵𝑖,𝑡−1, 𝐵𝑅𝐵𝑗,𝑡−1 Broadband subscriptions for i and j countries, 1-year lagged.
Users per 100 

inhabitants 

World Bank- WDI 

and ITU 

𝐺𝐷𝑃𝑖,𝑡−1, 𝐺𝐷𝑃𝑗,𝑡−1 GDP for i and j countries, PPP adjusted, 1-year lagged. USD'000 IMF-WEO 

𝑅𝑇𝐴𝑖𝑗,𝑡−1 
Variable that takes value 1 for a regional trade agreement in 

force and 0 otherwise, 1-year lagged. 
De Sousa (2012) 

Source: Author´s own elaboration. ITU corresponds to “International Telecommunications Union”, WDI “World 

Development Indicators” and WEO “World Economic Outlook” 
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Table 7A2 Descriptive statistics 

Variable 
Only pairs with all 𝒙𝒊𝒋𝒕 > 𝟎 Full sample 

Observations Mean Std. Dev. Observations Mean Std. Dev. 

ln 𝐸𝑋𝑃𝑖𝑗𝑡 38 542 5.064 2.821 

ln 𝐼𝑈𝑖,𝑡−1 35 789 3.415 1.001 37 557 3.391 1.012 

ln 𝐼𝑈𝑗,𝑡−1 35 789 3.397 1.021 37 557 3.393 1.016 

ln 𝑀𝑂𝐵𝑖,𝑡−1 35 789 4.174 0.861 37 557 4.162 5.197 

ln 𝑀𝑂𝐵𝑗,𝑡−1 35 789 4.164 0.872 37 557 4.162 5.197 

ln 𝐵𝑅𝐵𝑖,𝑡−1 33 586 1.380 2.062 35 201 1.339 3.693 

ln 𝐵𝑅𝐵𝑗,𝑡−1 33 612 1.352 2.081 35 228 1.339 3.693 

ln 𝐺𝐷𝑃𝑖,𝑡−1 35 789 19.751 1.470 37 557 19.688 1.495 

ln 𝐺𝐷𝑃𝑗,𝑡−1 35 789 19.730 1.500 37 557 19.677 1.511 

𝑅𝑇𝐴𝑖𝑗,𝑡−1 35 789 0.311 37 557 0.301 

Source: Author´s own elaboration 
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Chapter 8: The effect of broadband on EU trade: 

a regional spatial approach 

Abstract: 

The positive effect of information and communication technologies (ICTs) on trade 

between countries has been widely studied in the literature but knowledge on how ICT 

impacts regional trade is limited due to the lack of regional trade data. In this paper, we 

test whether broadband, as a proxy for ICT, increases bilateral trade at the regional level 

in Europe with and without trade spillovers. We use a novel regional trade database of 

European Union regions and estimate an origin-destination flow gravity model for 2007 

and 2010, accounting for spatial dependence among trade flows. Our results indicate that 

broadband is positive and significant in explaining trade patterns between European 

regions during both time periods. The coefficients are also positive in the presence of 

trade spillovers. We consider one of the major problems in spatial economics, the 

existence of large amounts of data potentially biasing results. For this purpose, we use a 

novel estimator in spatial econometrics, the Matrix Exponential Spatial Specification 

(MESS), which constitutes a recent development in spatial econometrics. 

Keywords: trade, ICT, European Union 

JEL Classification: F15, R12 
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8.1. Introduction 

In spite of the advances in economic integration driven by the creation of the European 

Union (EU) and European Monetary Union, intra-European trade integration has still not 

reached its full potential. To that extent, different authors have found significant border 

impediments to trade within the EU (Nitsch, 2000; Head and Mayer, 2010; Chen and 

Novy, 2011; Gallego and Llano, 2015; Capello et al., 2018). Interregional trade openness 

is cited as a necessary structural reform to increase the competitiveness of EU regions, 

especially the lagging ones (European Commission, 2017). Hence, the existence of these 

border impediments reduces regional competitiveness and increases trade costs. In order 

to achieve a degree of economic integration close to its potential levels, it is necessary to 

promote interregional trade to reduce trade costs within the EU. However, far too little 

attention has been paid to the factors that may contribute to decreasing regional trade 

costs and mitigating border impediments for EU regions. 

On the other hand, the EU seeks to improve network infrastructure and the access 

to information and communication technologies (ICTs). These two goals are among the 

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

vehicle for reducing disparities among regions and fostering European integration 

(European Commission, 2014a). In an ambitious context of implementing a Digital 

Agenda, initiatives such as the connected Digital Single Market and high-speed 

infrastructure are among the ten priorities of the European Commission’s President Jean-

Claude Juncker (European Commission, 2014b). ICTs incorporate knowledge flows, 

which are a basic element in studying and understanding regional development (Karlsson 

et al., 2010).  

A considerable amount of literature has been published on ICT and trade as separate 

topics, but very little has been found on how ICT can be used to increase trade. The 

positive effect of ICT on trade is grounded on a negative relationship between ICT and 

trade costs (Venables, 2001). To that extent, different authors have demonstrated the 

existence of a positive effect of ICT on trade. As pointed out in previous chapters, the 

literature has mainly focused on a country level. A first strand of literature incorporates 

variables related to ICT usage. Freund and Weinhold (2002), using a sample of 31 

countries in 2000, find that the Internet boosts US trade in services, and Freund and 

Weinhold (2004), with a sample of 54 countries from 1995 to 1999, also find a positive 
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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. Chung et al. (2013) explore fruit 

and vegetable trade among Asia-Pacific Economic Cooperation (APEC) countries from 

1997 to 2006 and find a positive relationship between fixed-telephone and Internet use 

and exports. Other authors have focused on variables related to ICT infrastructure and 

find a positive effect of these variables on trade. 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. 

Abeliansky and Hilbert (2017) compare the effect of ICT use and infrastructure on trade 

for 122 countries during the period 1995−2008. They find that ICT use is more important 

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

countries. Other contributions have used firm-level data to corroborate the positive effect 

of ICT on trade. Kneller and Timmis (2016), using data from 46,720 UK firms from 2000 

to 2005, find that broadband and narrowband increase trade in services. Finally, at a 

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

on regional exports is restricted to regional Spanish exports.  

Nevertheless, the literature has not explored how the spatial diffusion of ICT affects 

the relationship between ICT and trade. Technological knowledge can be more easily 

transmitted when individuals are located in closer countries (Comin and Mestieri, 2014). 

Thus, firms cluster in specific areas within a country (Ioannides et al., 2008; Baldwin, 

2016). This clustering process creates milieus at the local level, where the transmission 

of knowledge is more rapid and defeats hierarchies because of the greater intensity of 

face-to-face relationships (Philippopoulos, 2016). Proximity to individuals results in a 

greater diffusion of knowledge flows (Duranton and Puga, 2005). Accordingly, firms can 

reduce different costs related to trade due to proximity: transactional 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 

also decrease fixed costs of face-to-face interactions at local level (Gaspar and Glaeser, 

1998). In the spatial context, under a core-periphery structure described by Fujita et al. 

(1999), peripheral regions become lagging, and technology may be one of the factors 

behind this gap with the most advanced regions (McCann and Ortega-Argilés, 2015). 
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Although the performance of firms at the local level determines the aggregate 

country performance (Miguelez and Moreno, 2015), the literature has not paid attention 

to the effect of ICT on trade at a regional level. Bensassi et al. (2015) constitute the 

exception. These authors focus on the effect of infrastructure on trade for the period 

2003−2007 and find a positive effect between capital stock of ICT and exports. However, 

their analysis only covers exports from Spanish regions to 45 countries and they do not 

consider the effect of trade spillovers. 

Based on the importance of the diffusion of ICT at the regional level and regional 

trade patterns, the objective of this chapter is to study the effect of broadband on trade in 

European regions. The aforementioned literature has mainly focused on ICT usage 

variables, but only a few studies have focused on ICT infrastructure variables (Portugal-

Perez and Wilson, 2012; Abeliansky and Hilbert, 2017), despite the importance of 

infrastructure in explaining trade patterns (Limao and Venables, 2001; Clark et al., 2004). 

Infrastructure is linked with efficiency and an adequate ICT infrastructure reduces trade 

costs to a significant degree. In relation to the previous literature, we make the following 

contributions. First, we estimate the effects of broadband on trade at a regional level in 

Europe, which has not been dealt with in previous studies. Given the greater intensity of 

information flows in the milieus within countries, we expect a greater and more accurate 

effect of broadband on trade than the effects estimated at the country level. A higher 

intensity of information flows would result in a greater reduction of trade costs. In 

addition, we acknowledge the existence of spatial dependence, which may flaw results if 

it is not considered (Anselin, 1988). By using spatial econometrics, we are able to control 

how bilateral trade is affected, not only by the own exporters´ and importers´ own regional 

factors, but also how trade performance concerning neighboring regions affects the 

bilateral trading relationship between two regions. Space is key in determining trade 

patterns across and within countries (Rossi-Hansberg, 2005). Hence, we are able to 

control the existence of neighbouring trade spillovers, which may benefit the bilateral 

relationship between exporter and importer regions. When neighboring trade spillovers 

are neglected, the explanatory variables absorb the variation in the dependent variable 

and result in larger estimates (LeSage, 2008; LeSage and Pace, 2009; Marquez-Ramos, 

2016). Accordingly, we test whether the broadband effect on trade is lower in the presence 

of trade spillovers. 
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To accomplish these contributions at the regional level, we use novel data and 

estimation procedures. First, we use a novel and consistent regional trade database 

compiled 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. This novel regional trade database has not yet been used to explain the effect 

of ICT on trade at regional level. Second, the use of a very large database – like that of 

Thissen et al. (2013) – presents 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) that enables the econometric estimation of models with spatial dependence by 

reducing the computational burden (LeSage and Pace, 2007). This allows us to obtain 

accurate results by capturing to an adequate degree the geography of European regions. 

To the best of our knowledge, this is the first attempt to estimate the MESS for a gravity 

model of trade with such a large data set. 

The chapter has been organized in the following way. Section 8.2 is devoted to the 

conceptual framework and the research hypotheses. Section 8.3 explains the research 

model. Section 8.4 describes the data and variables used. Section 8.5 shows the empirical 

analysis and Section 8.6 presents the conclusions.  

8.2. Conceptual framework and research hypotheses 

In relation to the value added highlighted in the introduction, we derive a set of 

hypotheses: H3 and H4 denote the hypotheses related to the value added of this study. 

H3: There exists a positive effect of broadband on trade at a regional level in Europe. 

Previous literature has traditionally focused on variables of usage to measure ICT impacts 

on trade (Freund and Weinhold, 2002, 2004; Chung et al., 2013). Given the importance 

of infrastructure for increasing trade through efficiency (Limao and Venables, 2001; 

Clark et al., 2004), other authors have focused on ICT infrastructure variables and find a 

positive effect of broadband on trade at a country (Portugal-Perez and Wilson, 2012; 

Abeliansky and Hilbert, 2017) and firm level (Kneller and Timmis, 2016). 
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Because of the importance of infrastructure in determining trade flows at a regional 

level for Europan regions (Bensassi et al., 2015; Marquez, 2016), we expect a positive 

effect of broadband on trade. 

H4: The effect of broadband on European regional trade is lower in the presence of trade 

spillovers.  

The framework described in the previous hypothesis, H3, assumes that only a region´s 

own factors cause the broadband effect on trade. However, previous research has 

demonstrated the existence of a spatial correlation when the degree of territorial 

disaggregation increases (LeSage and Polasek, 2008). In this framework, a region is not 

only affected by its own factors, but by factors concerning neighboring regions. Trade 

patterns are one of these factors, so trade patterns from neighboring regions can affect 

trade performance in a region. Accordingly, the introduction of factors concerning 

neighboring regions’ trade performance can affect the empirical relationship between 

broadband and trade. 

Spatial econometrics has incorporated the role of spatial dependence, where regions 

learn from the performance exhibited in neighboring regions and, from a methodological 

point of view, the omission of spatial dependence leads to biased results (Anselin, 1988). 

Focusing on a regional trade perspective, different authors hold that trade spillovers are 

so important that the magnitude of other variables decreases (LeSage, 2008; LeSage and 

Pace, 2009; Marquez-Ramos, 2016). Different authors find that considering trade 

spillovers results in lower coefficients, but in the context of logistic facilities (Alama et 

al., 2013; Marquez-Ramos, 2016). This has never been tested to explain the ICT effects 

on trade at a regional level. 
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8.3. Research model 

8.3.1. The gravity equation of trade 

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, in contrast to what we stated in 

hypotheses H1 (Chapter 6) and H2 (Chapter 7), respectively, where our hypotheses were 

at the country level. To accomplish this objective, we estimate a gravity model of bilateral 

trade, also known as an origin-destination flows model. 

One of the fundamental studies to develop a theoretical framework of the gravity 

equation is Anderson and Van Wincoop (2003). These authors derive a theory-based 

gravity equation with the aim of studying the border effect between Canada and US 

regions and incorporating multiple novelties, such as the inclusion of trade costs 

negatively related to exports, which incorporate multiple transactional elements, as well 

as other tariff barriers49. 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 others50. 

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

gravity equation functional form, but we augment this seminal gravity equation by 

introducing ICT as an explanatory variable, as well as other variables 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. In our gravity equation, 

focusing on a cross-sectional context, we consider the Baier and Bergstrand (2009) Bonus 

Vetus estimator. Baier and Bergstrand (2009) propose estimating the bilateral elements 

of trade costs (∅𝑖𝑗
∗ ) using Taylor polynomials. Equation (1) shows the generic expression

for the corrected bilateral trade costs component. 

49 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.  
50 See Yotov et al. (2016) and Head and Mayer (2014) for a recent comprehensive review of the main 
applications and estimation methodologies concerning gravity equations. 
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∅𝑖𝑗
∗ =  [(∑ 𝜃𝑘

𝑁

𝑘=1

∅𝑖𝑘) + ( ∑ 𝜃𝑚

𝑁

𝑚=1

∅𝑚𝑗) − (∑ ∑ 𝜃𝑚

𝑁

𝑚=1

𝜃𝑘

𝑁

𝑘=1

∅𝑘𝑚)]     (1) 

where i and k denote the sum terms, and 𝜃𝑘 and 𝜃𝑚 are the weighting terms. Weighting 

terms can be constructed through simple averages or GDP-weighted, but simple averages 

is the recommended specification. These authors model MRTs with the Taylor 

transformation of each bilateral variable. Equation (2) is our baseline gravity equation, 

incorporating the Bonus Vetus transformation in bilateral trade costs elements: 

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 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒_𝑠𝑡𝑎𝑟𝑖𝑗

+ 𝛽7𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 + 𝛽8𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗

+ 𝛽9𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐_𝑠𝑡𝑎𝑟𝑖𝑗 + 𝛽10𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 + 𝑢𝑖𝑗  (2) 

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

denotes the natural logarithm of the variable and star indicates that the variable has been 

transformed using the Baier and Bergstrand (2009) methodology. 𝑇𝑟𝑎𝑑𝑒𝑖𝑗 is the trade 

flows from region 𝑖 to region 𝑗 and 𝐵𝑅𝐵𝑖,𝑡−1 and 𝐵𝑅𝐵𝑗,𝑡−1 are the one-year-lagged ICT 

broadband infrastructure 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. 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒_𝑠𝑡𝑎𝑟𝑖𝑗 is the distance 

between regions, whereas 𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 and 𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 

are dummy variables that control for regions and countries sharing a common border, 

respectively. 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐_𝑠𝑡𝑎𝑟𝑖𝑗 is a dummy variable that accounts for domestic trade 

flows, and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 takes a value of 1 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 

facilitates communication between trading regions. Lagged variables are computed to 

relieve us from endogeneity issues, as we point out at the end of this section. 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 recent decades, 
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distance is still a relevant component in explaining 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 control variables for country and regional contiguity is in line with 

previous studies. At country level, contiguity is related to the observable measures of 

trade costs (Anderson, 2011). As Eaton and Kortum (2002) show that 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 that those 

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

Moreover, we include a set of control 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) seminal paper. Other 

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

and Zignago, 2010; Head and Mayer, 2010). As a result of this, we follow Gallego and 

Llano (2014) in controlling for trade flows between contiguous regions using dummy 

variables. Controlling for trade flows that are partially corrupted due to using 

parametrized estimations is a concern when working with regional trade databases in 

order to avoid flawed results. This is the reason for controlling for domestic trade flows 

specifically. 

8.3.2. Spatial dependence in trade flows 

The previous equation (1) can be considered the baseline in estimating ICT impacts on 

trade, in line with the literature. This equation, however, ignores the importance of trade 

spillovers in neighboring regions. The seminal contribution by Anselin (1988) states that 

dependence and spatial heterogeneity in the field of regional economics must be 

considered to obtain consistent and unbiased results. Accordingly, we augment our 

gravity equation with spatial dependence, in order to capture the importance of trade 

spillovers and hence contrast hypothesis H4: There exists a positive impact of broadband 

on trade and the effect is less in the presence of trade spillovers. 
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The step prior 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

 (3) 

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

represents 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 0 otherwise. 

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, respectively51. 

𝑊𝑂 = 𝐼𝑛 ⊗ 𝑊
𝑊𝐷 = 𝑊 ⊗ 𝐼𝑛

𝑊𝑂𝐷 = 𝑊𝑂 𝑊𝐷

  (4) 

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

matrix and ⊗ denotes the Kronecker product52. 

51 In this paper, we adopt the destination-centric ordering of the data (LeSage and Pace, 2008) and write 
the spatial matrices accordingly. 
52 If the W matrix is row-standardized – all rows equal one – the product of 𝑊 by a variable 𝑥, 𝑊𝑥, is a 
weighted average of the values of 𝑥 of the neighboring regions. 
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We follow this framework and we incorporate elements denoting spatial proximity 

in (2) in the gravity equation, in line with other studies (Alama et al., 2013, 2015; 

Márquez-Ramos, 2016). 

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

+ 𝛽4 ln(𝐺𝐷𝑃𝑝𝑐𝑖) + 𝛽5 ln(𝐺𝐷𝑃𝑝𝑐𝑗) + 𝛿𝑧 𝑧𝑖𝑗 + 𝜌1𝑊𝑂 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1

+ 𝜌2𝑊𝐷 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1 + 𝜌3𝑊𝑂𝐷 ln 𝑇𝑟𝑎𝑑𝑒𝑖𝑗,𝑡−1 +  𝑢𝑖𝑗    (5) 

We have introduced some novel variables in contrast to specification (2): 

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

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

the gravity equation. The inclusion of these spatial interaction parameters allows us to 

account for cross-sectional dependence of trade flows and hence to control directly for 

the existence of MRTs (LeSage and Pace 2009, Behrens et al., 2012). If 𝜌1 =  𝜌2 =  𝜌3 =

0, implying the rejection of spatial dependence, the specification reduces to the standard 

regional gravity equation augmented with broadband. 𝑧𝑖𝑗 refers to the previous set of 

geographical variables concerning distance and contiguity, among others. The 

consideration of the spatial interaction parameters relieves us from using the Baier and 

Bergstrand (2009) methodology. 

Using disaggregated territorial data improves the degree of representability of 

estimated results by capturing the geography of regions and cities. However, a major 

concern is that territorial disaggregation commonly entails dealing with data sets with a 

large number of observations, where results cannot be easily obtained due to 

computational limitations. This is the case with Thissen et al.’s (2013) database, which 

includes a large number of European regions. To overcome this issue, we use a Matrix 

Exponential Spatial Specification (henceforth, MESS) estimator. The MESS estimator is 

a recent advance in spatial econometrics (LeSage and Pace, 2007) and has been 

operationally tested by different authors (Arbia, 2014; Debarsy et al., 2015). Technical 

details of the MESS estimator are presented in Appendix 8A1. 

Finally, to mitigate the presence of endogeneity in the gravity equation, we adopt 

the strategy of lagging one year the broadband variables. This is the standard approach 

used in the literature, which implies that the broadband variables remain unaffected by 

shocks in the current period. In addition, we acknowledge the importance of time in being 
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fundamental to evaluating the diffusion of ICT: Growth rates are lower at the beginning 

because firms need to adapt their production process to the new technologies (Helpman 

and Trajtenberg, 1998). Hence, lagging broadband variables one year constitutes a 

consistent alternative to mitigate endogeneity in the context of the theory of ICT 

diffusion53. 

8.4. Data and variables 

In this section, we describe the mean features concerning Thissen et al.’s (2013) regional 

trade database, which is a novel database that has never been used to evaluate ICT effects 

on trade. We also describe the rest of the variables and sources for the analysis. 

Although information flows are more intense at regional level and regional studies 

may capture more accurately the economic geography, the lack of official trade data 

between regions and within countries in Europe is the reason for the scarcity of empirical 

trade studies at the regional level on the effect of broadband on trade54. We contribute to 

the existing literature on the effect of ICT on trade with a novel regional trade data set 

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. The time period 

considered is two cross sections in 2007 and 2010. Although greater time periods allow 

the implementation of panel data techniques to capture the evolution of the variables over 

time, 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 in two 

specific time periods: 2007 and 2010. 

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, 

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 such as re-

53 Readers interested in a detailed explanation of the endogeneity problem are advised to read Section 
5.4.2 and Chapters 6 and 7, where we provide a full explanation and treatment of this problem. 
54 There are no official regional trade statistics for Europe, and hence it is necessary to use estimated 
regional trade data, such as the trade flows estimated by Llano et al. (2010) for Spanish regions. 
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exporting, Thissen et al. (2013) apply corrections to guarantee nondependent and 

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

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

freight data exclusively and without using a parametrized NEG model. 

Thissen et al.’s (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 variable55. 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 

to inter- and intraregional trade flows, domestic trade data are estimated using an NEG 

model with parameters. Hence, these domestic trade data suffer 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 for, so domestic trade data 

may be partially dampened. 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.  

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

from the average of three regional indicators related to the information society: 

international Internet backbone capacity, and peak traffic at IXP and IP addresses. Data 

are available only for 2006 and 2009, which limits us exclusively to a cross-sectional 

analysis.  

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.  

55 See Yotov et al. (2016) for a detailed explanation of the problem of zeros when estimating the gravity 
equation of trade. 
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Apart from the novel regional trade database and the regional ESPON database, 

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.  

Although 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. 

Table 8A2.1 in the Appendix shows the list of regions, Table 8A2.2 describes the 

variables and their source and finally Table 8A2.3 displays the main descriptive statistics. 

8.5. Empirical analysis 

8.5.1. Traditional gravity regression 

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 

gravity equation (1) using the Bonus Vetus OLS for 2007 and 2010. The aim is to contrast 

hypothesis H1: test the existence of a positive effect of broadband on trade at a regional 

level. 
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Table 8.1. Gravity equation results for 2007 and 2010 using Bonus Vetus OLS 

Dependent variable 𝐥𝐧 𝑻𝒓𝒂𝒅𝒆𝒊𝒋

Year 2007 2010 

𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1) 0.0720*** 0.137*** 

(0.00327) (0.00415) 

𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1) 0.0160*** 0.0372*** 

(0.00325) (0.00398) 

ln (𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗) 0.876*** 0.810*** 

(0.00487) (0.00583) 

ln (𝐺𝐷𝑃𝑝𝑐𝑖) -0.207*** -0.153*** 

(0.00930) (0.0100) 

ln (𝐺𝐷𝑃𝑝𝑐𝑗) -0.273*** -0.288*** 

(0.00891) (0.00947) 

ln (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒_𝑠𝑡𝑎𝑟𝑖𝑗) -1.097*** -1.057*** 

(0.0108) (0.0116) 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 0.265*** 0.318*** 

(0.0427) (0.0454) 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 0.458*** 0.502*** 

(0.0135) (0.0145) 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐_𝑠𝑡𝑎𝑟𝑖𝑗 2.972*** 4.365*** 

(0.103) (0.104) 

𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 0.289*** -0.728*** 

(0.0644) (0.0703) 

𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 -5.649*** -5.684*** 

(0.152) (0.159) 

Adjusted R-squared 0.716 0.703 

Observations 52,441 53,824 

Regions 229 232 

Countries 23 23 

Notes: Robust t-statistics in parentheses. *** denotes coefficient significant at 1%. “star” in the end of the 

variable refers to the Baier and Bergstrand (2009)´s transformation for the variable. 

The results show that the estimated effect of broadband on trade is positive and 

statistically significant both for the exporter and the importer region, in line with the 

previous literature at country level. For instance, our highest coefficient for the exporter 

region broadband, 0.137 in column 2, is between the range obtained at country level (0.05, 

Freund and Weinhold, 2002; 0.02, Freund and Weinhold, 2004; 0.335, Lin, 2015; 0.514, 

Abeliansky and Hilbert, 2017) and in regions (0.341, Bensassi et al., 2015). 

Although we corroborate the positive relationship between broadband and trade 

from subsequent studies, we do not find greater effects of broadband on trade at a regional 

level in comparison with the country-level coefficients. The reason for this may be related 

to time spans and differences in methodologies. The estimated coefficients for broadband 

reveal an important difference: The estimated coefficient for the exporter is greater than 
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the estimated coefficient for the importer, and the coefficient for the exporting region 

increased 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 positive and significant coefficients obtained for the variables explaining 

country and regional contiguity, 𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 and 𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦_𝑠𝑡𝑎𝑟𝑖𝑗, 

respectively, 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 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐_𝑠𝑡𝑎𝑟𝑖𝑗 and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦_𝑠𝑡𝑎𝑟𝑖𝑗 show 

that trade tends to be concentrated within the same region and the same country. This 

shows how relevant borders are in terms of impeding trade and the large coefficients 

obtained for domestic trade reinforce this evidence towards a home bias. 

With regard 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 8.4, we have performed additional 

regressions excluding domestic trade flows and the corresponding dummy variable. The 

results show that estimated coefficients for the variables of interest are similar to those 

obtained when domestic trade flows are not excluded56. 

56 Results are available upon request. 
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8.5.2. Spatial gravity regression 

In this section, we present the results obtained for the gravity regression with the 

introduction of spatial dependence in trade. We proceed as follows: First, we test for 

spatial dependence computing the Moran’s I index on the residuals of the nonspatial 

gravity equation estimations; second, after finding spatial dependence in the residuals, we 

estimate the spatial origin-destination gravity equation (3) using the MESS estimator 

described in Appendix A1. Our aim is to contrast hypotheses H3 and H4: test the 

broadband effect on trade and check whether the broadband effect on trade is greater in 

the presence of trade spillovers, respectively. 

Table 8.2. Moran’s I test of spatial dependence 

Spatial dependence Origin Destination Origin-to-Destination 

Year 2007 2010 2007 2010 2007 2010 

Observed Moran I 0.5893 0.5837 0.6097 0.6103 0.3836 0.3789 

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 8.2 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. The 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 other studies covering trade at regional 

level (Alama et al., 2013; De la Mata and Llano, 2013; Alama et al., 2015; Márquez-

Ramos, 2016). In the context of our study, this spatial dependence takes place with 

broadband as an explanatory variable, implying that the increase in regional trade flows 

may not only occur due to higher broadband, but also because neighboring regions’ trade 

patterns influence bilateral trade flows. 

The existence of spatial dependence will 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 we pointed 

out before, the nature of the MESS estimator does not allow origin, destination and origin-

destination effects to be included simultaneously in the same equation, but they can be 

contrasted in separate equations. As the number of observations is very high for spatial 

estimation – 53,824 for 2010 – the standard estimation techniques for spatial 

econometrics are computationally unfeasible and we must rely on the MESS estimator.  
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Table 8.3 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 8.3. Matrix Exponential Spatial Specification (MESS) results for 2007 and 2010 

Spatial Dependence Origin Destination Origin-to-Destination 

Year 2007 2010 2007 2010 2007 2010 

𝑙𝑛(𝐵𝑅𝐵𝑖,𝑡−1) 0.112*** 0.141*** 0.015*** 0.024*** 0.078*** 0.104*** 

(45.03) (47.35) (6.30) (8.27) (28.96) (31.95) 

𝑙𝑛(𝐵𝑅𝐵𝑗,𝑡−1) -0.023*** -0.049*** 0.066*** 0.063*** 0.022*** 0.004 

(-9.37) (-16.26) (26.87) (21.35) (8.14) (1,12) 

ln (𝐺𝐷𝑃𝑖 × 𝐺𝐷𝑃𝑗) 0.658*** 0.631*** 0.630*** 0.587*** 0.778*** 0.746*** 

(179.13) (143.09) (174.17) (135.46) (195.37) (154.77) 

ln (𝐺𝐷𝑃𝑝𝑐𝑖) -0.287*** -0.276*** -0.212*** -0.184*** -0.298*** -0.280*** 

(-41.49) (-36.93) (-31.15) (-25.04) (-39.79) (-34.24) 

ln (𝐺𝐷𝑃𝑝𝑐𝑗) -0. 282*** -0.312*** -0.322*** -0.342*** -0.360*** -0.396*** 

(-40.92) (-41.58) (-47.40) (-46.62) (-48.11) (48.45) 

ln (𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗) -0.319*** -0.322*** -0.304*** -0.295*** -0.372*** -0.370*** 

(-49.05) (-47.58) (-47.44) (-44.43) (-52.77) (-50.09) 

𝑅𝑒𝑔𝑖𝑜𝑛𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.038 -0.037 0.026 -0.049* 0.546*** 0.536*** 

(1.45) (-1.34) (1.01) (-1.82) (19.12) (17.88) 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 0.518*** 0.499*** 0.495*** 0.475*** 0.620*** 0.604*** 

(52.27) (48.69) (50.68) (47.25) (57.67) (54.04) 

𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗 5.132*** 5.322*** 5.212*** 5.447*** 4.801*** 4.955*** 

(94.63) (94.43) (97.60) (98.46) (81.70) (80.54) 

𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 0.740*** 0.688*** 0.684*** 0.624*** 0.842*** 0.781*** 

(48.70) (43.70) (45.73) (40.35) (51.16) (45.43) 

𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 5.006*** 5.190*** 4.705*** 4.656*** 5.765*** 5.916*** 

(44.94) (43,50) (42.90) (39.76) (47.78) (45.43) 

𝛼 -0.436*** -0.475*** -0.467*** -0.517 -0.254*** -0.288 

(-113.68) (-122.54) (-119.69) (-129.57) (-69.43) (-74.99) 

Implied Spatial Lag 𝜌 0.353 0.378 0.373 0.404 0.225 0.250 

LR test 14428 16404 16187 18563 5353.3 6211.5 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 

Observations 56,644 58,081 56,644 58,081 56,644 58,081 

Regions 238 241 238 241 238 241 

Countries 23 23 23 23 23 23 

Notes: robust t-statistics in parentheses. ***, ** and * denote coefficients 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.

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 
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the exporting and importing regions, respectively. Hence, broadband coefficients are 

positive in line with hypothesis H3. These positive and significant coefficients for 

broadband hold across the different scenarios considered, with some exceptions in the 

importer region: spatial dependence at origin (columns 1 and 2), where coefficients are 

negative, and spatial dependence at origin-destination in 2010 (column 6), where the 

coefficient is not significant. Moreover, the magnitude of the estimated coefficients is 

higher than when spatial dependence is neglected in the OLS estimation. Although 

LeSage (2008) and LeSage and Pace (2009) obtain larger coefficients in the traditional 

gravity specification than the spatially augmented one, our results denote larger 

coefficients for broadband in the spatial specification in 2007, while the coefficients in 

2010 for both specifications are closer, with the exception of spatial dependence at 

destination (column 4). Hence, these results are not in line with hypothesis H4, which 

states that broadband coefficients are lower in the presence of trade spillovers. 

In contrast to LeSage (2008) and LeSage and Pace (2009), we identify a downward 

bias in estimated coefficients for the traditional OLS in comparison with the spatial 

gravity equation. This difference may arise due to the fact that the EU regions are smaller 

and more heterogeneous than the states of the United States (US) analyzed in LeSage and 

Pace (2008), which implies differences in geographical, cultural and social determinants 

between EU and US regions. Larger broadband coefficients for the spatial gravity 

equation suggest that trade spillovers are not only relevant in explaining trade patterns, 

but also the reduction of regional trade costs induced by ICT is higher when controlling 

for factors concerning neighboring regions. Given that the magnitude of broadband 

coefficients varies depending on the type of spatial dependence considered, our results 

are sensitive to proximity. These results may be explained by the clustering of firms with 

those firms in neighboring regions leading to a greater diffusion of knowledge (Duranton 

and Puga, 2005) that increases trade competitiveness.  

The implied spatial lag, 𝜌, ranges between 0.2 and 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. 

Hence, trade spillovers are a fundamental element in explaining the effect of ICT on trade. 
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The distance coefficients are in line with the negative effect expected in the basic 

gravity models. As previously stated, coefficients are larger for the spatial gravity in the 

presence of sparse matrices than for the traditional gravity equation. Negative but 

significant coefficients for GDP per capita denote the existence of an absorption effect – 

an inverse relationship between income per capita and trade flows (Márquez-Ramos, 

2016). 

Control 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 and trade 

spillovers capture part of the effect of contiguity.  

Finally, both variables 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐𝑖𝑗 and 𝑆𝑎𝑚𝑒𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝑖𝑗 are positive and 

significant, as expected. Given the large magnitude of coefficients denoting domestic 

trade, this reinforces the existence of a home bias, where consumer preferences are 

oriented towards the consumption of domestic products and a large trade share is 

concentrated within regions, rather than between regions (McCallum, 1995; Daumal and 

Zignago, 2010; Coughlin and Novy, 2013). 

8.6. Conclusions 

In contrast to previous studies that only examine the effect of ICT on trade at country 

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

given their prominent role in the adoption of ICT in Europe. We test the hypothesis that 

there exists a positive effect of broadband on trade at a regional level in Europe. In 

addition, we test whether the effect of broadband on European regional trade is lower in 

the presence of trade spillovers. For this purpose, we use for the first time 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 model. We 

confirm the existence of spatial dependence and use a specific spatial estimator tailored 

to large databases, which avoids flawed results. We find evidence of a positive and 

significant effect of broadband on trade, and the relative importance of broadband for the 

exporter and the importer region depends on the type of spatial dependence under 

consideration. Proximity between regions increases the effect of broadband on regional 
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trade due to the knowledge exchange in trade spillovers. Consequently, this can be 

considered a contribution to the literature on ICT impacts on trade paying specific 

attention to the role played by geographical space. Therefore, although the results might 

seem to be a mere replication of the positive relationship between ICT and trade found 

for countries but applied to regions, it is important to note that the present study takes into 

account the fact that information flows exchange is more intense at regional level. In 

addition, it is important to take into account the specific impacts on the regions in order 

to define accurate territorial-based policies rather than neutral ones. As stated by McCann 

and Rodríguez-Pose (2011), territorial-based policies are expanded from the core to the 

remaining territories. For our study, this is particularly relevant in the light of the spatially 

based neighborhood effects. Thus, it is important to shed light on the role of regional 

performance in Europe. 

Our results can be relevant for policy recommendations moving towards efficient 

allocation of the European budget: Apart from the aforementioned territorial-based 

development policies, the initiative of smart specialization in Europe requires the 

identification of elements acting as a regional comparative advantage (European 

Commission, 2014c). In our case, we find how both ICT and proximity can help to trigger 

regional trade competitiveness. In addition, these results can contribute to the assessment 

of the EU Cohesion policy 2014−2020, where regional disparities still persist in Europe. 

More specifically, proximity and ICT usage as a tool to promote interregional trade would 

alleviate the concept of lagging regions, which is still a major challenge for European 

integration, as mentioned in a recent regional report published by the European 

Commission (2017). It is necessary to weigh two types of policies: first, those policies 

implementing ICT development in European regions and second, policies contributing to 

knowledge sharing between neighboring firms, since firms located in a specific region 

can benefit from trade performance concerning firms in neighboring regions. 

Although these first insights definitively open a new paradigm in the regional 

evidence about the effects of ICTs on trade, our study presents some important 

shortcomings to be addressed in further studies. First, a detailed analysis on sectoral trade 

data would contribute to greater detail in the context of place-based territorial 

development strategies. Second, future studies may consider the disaggregation of regions 

according to their regional income levels, since the effect of broadband on trade may be 
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different for high- and low-income regions. This would allow us to investigate a possible 

digital divide between north and south regions in terms of the impacts of ICT use on trade. 

Finally, future studies should analyze other types of technologies apart from broadband.  
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Appendix 

8A1. The Matrix Exponential Spatial Specification (MESS) 

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

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

results. The use of a large data set 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 to large data sets, 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. According to 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 consider the generic spatial lag model in matrix form as baseline: 

𝑦 =  𝜌𝑊𝑦 + 𝑍𝛽 + 𝑢     , |𝜆| < 1   (6) 

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 nonstochastic. The basic spatial lag model in matrix notation

expressed in (6) 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  (7) 

On 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 (7) as:  

𝑆𝑦 =  𝑍𝛽 + 𝑢  (8) 
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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 exponential 

series expansion: 

𝑆 =  𝑒𝛼𝑊 =  ∑
𝛼𝑖𝑊𝑖

𝑖!

∞

𝑖=0

 (9) 

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 (10): 

(∑
𝛼𝑖𝑊𝑖

𝑖!

𝑞

𝑖=0

 ) 𝑦 =  𝑍𝛽 + 𝑢     (10) 

And the matrix inverse of 𝑆 can be computed as: 

𝑆−1 = (𝐼 − 𝜌𝑊) = 𝑒−𝛼𝑊     (11)

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 model57. 

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

computed as: 

𝜌 = 1 − 𝑒𝛼     (12)

57 A matrix is said to be dense if most of its elements are nonzero, whereas a matrix is said to be sparse if 
most of its 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. 
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Chiu et al. (1996) and Arbia (2014) show that 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 heteroscedasticity. 

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 columns58. One limitation of this 

approach is that it is not possible to estimate the specification (3) with the three contiguity 

matrices considered in (2) 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 based59.  

58 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 53,824 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. 
59 Another limitation 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 − 𝜌1𝑊𝑂 − 𝜌2𝑊𝐷 − 𝜌3𝑊𝑂𝐷). 
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8A2. Additional Tables 

Table 8A2.1. 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 
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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 

Source: Author´s own elaboration. Notes: * denotes region excluded in the 2007 sample due to lack of data. 

NUTS: Nomenclature of Units for Territorial Statistics. 

https://data.gov.uk/dataset/ea032b6c-8e65-4a8c-9b5c-7dbb13e21c0d/nomenclature-of-units-for-territorial-statistics-nuts-level-3
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Table 8A2.2. List of variables and sources 

Variable Description Source 

𝑇𝑟𝑎𝑑𝑒𝑖𝑗 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 , 𝐺𝐷𝑃𝑝𝑐𝑗 GDP per capita for regions i and j, 

respectively (in € per inhabitant) 

Eurostat 

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 

𝐶𝑜𝑢𝑛𝑡𝑟𝑦𝐶𝑜𝑛𝑡𝑖𝑔𝑢𝑖𝑡𝑦𝑖𝑗 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 

Source: Author´s own elaboration. Notes: ESPON: European Spatial Planning Observation Network. GISCO: 

the Geographic Information System of the Commission. These tables present the bilateral variables without 

the Baier and Bergstrand (2009)´s transformation. 
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Table 8A2.3. Descriptive statistics 

Year 2007 (56,644 observations; 238 regions) 

Mean Standard Dev. Minimum Maximum 

𝑇𝑟𝑎𝑑𝑒𝑖𝑗 (in millions of €) 348.19 6,049.41 0.04 574,161.80 

𝐵𝑅𝐵𝑖,𝑡−1 (Normalized index) 2.39 6.53 0.01 60.91 

𝐵𝑅𝐵𝑗,𝑡−1 (Normalized index) 2.39 6.53 0.01 60.91 

𝐺𝐷𝑃𝑖 (in millions of €) 50,294.89 55,631.94 1,098.00 552,691.00 

𝐺𝐷𝑃𝑗 (in millions of €) 50,294.89 55,631.94 1,098.00 552,691.00 

𝐺𝐷𝑃𝑝𝑐𝑖 (in € per inhabitant) 26,156.72 10,863.18 5,800.00 76,500.00 

𝐺𝐷𝑃𝑝𝑐𝑗 (in € per inhabitant) 26,156.72 10,863.18 5,800.00 76,500.00 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗 (in kilometers) 1,1134.17 662.17 0.39 5,079.92 

Year 2010 (58,081 observations; 247 regions) 

Mean Standard Dev. Minimum Maximum 

𝑇𝑟𝑎𝑑𝑒𝑖𝑗 (in millions of €) 339.02 6,089.47 0.02 609,810.30 

𝐵𝑅𝐵𝑖,𝑡−1 (Normalized index) 3.13 7.95 <0.00 68.71 

𝐵𝑅𝐵𝑗,𝑡−1 (Normalized index) 3.13 7.95 <0.00 68.71 

𝐺𝐷𝑃𝑖 (in millions of €) 49,496,49 57,876.81 1,148.00 609,330.00 

𝐺𝐷𝑃𝑗 (in millions of €) 49,496.49 57,876.81 1,148.00 609,330.00 

𝐺𝐷𝑃𝑝𝑐𝑖 (in € per inhabitant) 25,502.28 10,761.96 5,900.00 77,900.00 

𝐺𝐷𝑃𝑝𝑐𝑗 (in € per inhabitant) 25,502.28 10,761.96 5,900.00 77,900.00 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑖𝑗 (in kilometers) 1,149.70 669.70 0.39 5,079.92 

Source: Author´s own elaboration.
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Chapter 9: Overall conclusions 

Following the introduction (Chapter 1) we present the conceptual framework of 

information and communication technologies (Chapter 2) and the role of technology in 

the trade theory (Chapter 3). In Chapter 4, we explain both the theoretical and the 

empirical evidence about ICT impacts on trade. We also cover the baseline empirical 

methodology to be used in the chapters of the second part of the research: the gravity 

model of international trade (Chapter 5). All these sections yield fundamental 

implications in understanding the effects of ICTs on trade.  

The second part of the dissertation comprises four chapters, each one of them 

focusing on a different objective, as explained in the previous section, 1.1. Chapters 6 to 

8 follow the common structure of a manuscript to be potentially published.  

9.1. Main findings 

As mentioned in the introduction section (Chapter 1), both ICT and trade are pillars of 

the current globalization process, characterized by both an unprecedented level of trade 

and ICT use across countries and regions. ICTs as general purpose technologies show 

important effects in the way information and knowledge is transmitted (Chapter 2), 

generating relevant impacts across a great variety of firm activities, import and export 

operations, among others. The relationship between technology use and trade, and more 

specifically ICT use, is based on the role of ICT in reducing fixed and variable trade costs 

(Chapter 3) through which it affects the process of firms’ internationalization (Chapter 4). 

Although trade and ICT diffusion have traditionally been studied separately, a few 

studies have found a causal effect between the two dimensions.  However, although the 

literature review shows that several authors have empirically studied the effects of ICT 

on trade, the fact is that ICT diffusion across time and space is neither a static nor a 

symmetric process, but a dynamic and asymmetric one. In our opinion, the research on 

the effect of ICT use on trade should take into account these specific features in exploring 

the impacts of information and communication technologies on trade. Thus, this 

dissertation aims to shed light on how the disparities in the diffusion of ICT affect the 

impacts of ICTs on trade. In line with the theoretical and empirical evidence, we have 
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borne in mind that the analysis of the possible impacts of ICT is influenced by: i) the time 

period of analysis, with special emphasis given to the most recent time periods, given that 

they are the ones registering the greatest levels of diffusion of technology; ii) levels of 

economic development; iii) the type of technology; and iv) the level of analysis 

(country/regional). For this purpose, we have defined a set of four specific hypotheses 

that have been tested in Chapters 6 to 8. We describe each hypothesis, the results we have 

obtained and the contribution of these results to the literature.  

H1: The impact of Internet use on trade differs by levels of economic development. 

In Chapter 6, we study how Internet use affects trade for a sample of 55 countries during 

the period 2000–2013 using a gravity model of trade. We segment exporter and importer 

countries according to their income levels and find not only that the Internet has a positive 

and significant effect on trade, but that the positive effect differs by income levels. We 

find that the highest coefficients are for exports from high-income countries, which are 

the ones with greater levels of digitalization. The highest effects of Internet use are 

registered for the exporter country when the importer country is a high-income country 

too (0.283) or we do not distinguish income levels (0.256). As a result of this, we 

corroborate hypothesis H1 and find a different effect of Internet use on trade depending 

on the level of economic development. 

Our results explore the effects of the Internet on trade distinguishing the impacts by 

development levels. In contrast to previous studies, we consider a large period of time 

closer to the current one, with higher rates of ICT diffusion. We use aggregate trade for a 

representative sample of countries and do not restrict these either to a determinate 

geographic area or a specific type of product. 

H2: In a dynamic trade context, the impact of ICTs on trade differs by type of technology 

and economic development levels.  

In Chapter 7, we implement a dynamic panel gravity model to study the effect of different 

types of ICTs on trade flows in the period 2000–2013. We consider the Internet, mobile 

phones and broadband as the main explanatory variables for the types of ICT and the 

scenarios according to country income levels. Our results yield a positive and significant 

effect of ICT on trade, but they differ by technology and income. The scenario that 
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registers the greatest effects is the one capturing exports from high- to low- and middle-

income countries. However, these impacts change by type of technology: The values for 

the exporter country are 0.292 and 0.201 for the Internet and broadband, respectively. 

The greatest effect is found for mobile phones in the importer country (0.355). In line 

with H2, our results confirm the existence of a different effect of ICT on trade by types 

of ICT and levels of development.  

In this chapter, we have studied the effect of different types of ICT on trade using 

a dynamic trade framework. In contrast to previous studies, we do not restrict this only to 

the Internet and incorporate other important ICTs, such as mobile phones and broadband. 

We analyze the effects of each type of ICT on trade separately to capture the heterogeneity 

in the diffusion for each ICT. Unlike previous studies, we do not use weighted indices 

because they cannot capture the heterogeneous ICT diffusion. As we did in the previous 

hypothesis, we use a large time span close to the current period and a representative 

sample of countries. 

H3: There exists a positive effect of broadband on trade at a regional level in Europe. 

In Chapter 8, we use a gravity model in a cross-sectional analysis for 2007 and 2010 for 

a sample of 230 European regions. We test the effect of broadband on bilateral trade using 

a gravity model and find that broadband increases trade for European regions. The highest 

coefficient is 0.137 for the broadband variable in the exporter region in the year 2010. 

Hence, our results confirm the existence of a positive effect of broadband on trade at a 

regional level in Europe, in line with H3. 

We have focused on the study of the effect of broadband on regions, in contrast to 

previous studies at a country level. We cannot neglect the importance of space and 

location in determining economic activity in the EU and hence the impact of broadband 

on regional trade. However, the lack of regional trade statistics is a major shortcoming 

and this topic has not been addressed at a regional level. 

H4: The effect of broadband on European regional trade is lower in the presence of trade 

spillovers.  

In addition to H3, we have also contrasted the effect of broadband on trade under the 

consideration of trade spillovers. In this case, due to the context of large databases in 



 Chapter 9: Overall conclusions 

Page 306 of 342 ©Ernesto Rodríguez Crespo 

spatial econometrics, we consider three scenarios of spatial dependence: origin, 

destination and origin-destination. The effect of broadband on trade is positive and 

significant: 0.141 is the highest coefficient found when we consider spatial dependence 

at origin. In line with H4, we expected lower broadband coefficients under the 

consideration of trade spillovers, because they absorb information concerning the 

explanatory variables. However, this only happens when we consider spatial dependence 

at origin and destination, where broadband coefficients are slightly lower than in the case 

of the traditional gravity regression. As a result of this, H4 is partially fulfiled and the 

explanation is related to the existence of large matrices in spatial econometrics: We 

cannot consider spatial dependence at origin, destination and origin-destination 

simultaneously. 

This hypothesis has not been tested in previous studies. As previously mentioned, 

there is a significant lack of studies on the effect of broadband on trade at the regional 

level. In addition, no studies have addressed the spatial implications of the effect of 

broadband on trade. These spatial implications result in the consideration of trade 

spillovers, and we are able to evaluate how trade spillovers affect the impacts of 

broadband on trade in the presence of large matrices due to the territorial disaggregation. 

To sum up, the objective of this dissertation is to study how the disparities in ICT 

diffusion affect the impact of ICT on trade. Hypotheses H1–H4 propose that ICT impacts 

differ by levels of development, types of ICT and regions. We have demonstrated that the 

effects of ICT vary in the four scenarios previously mentioned. In our opinion, these 

results highlight the importance of understanding the process and features of the diffusion 

of each technology and their consequences, in contrast to previous studies. In fact, 

considering no disparities in ICT diffusion may not be consistent with the economic and 

social context of ICT. 



Chapter 9: Overall conclusions 

 ©Ernesto Rodríguez Crespo  Page 307 of 342 

9.2. Public policy implications 

According to the results obtained in Chapters 6–8 to contrast the set of hypotheses H1–

H4, in this section we provide some suggestions on possible public policy implications 

from our results. We organize these policy implications into five aspects: the dimension 

of time, income levels, types of ICT, trade persistence and regional performance.  

First, we highlight the importance of the time dimension in evaluating the effect of 

ICT diffusion, and the impacts of ICTs on trade are not an exception. As we stated in 

previous sections, the nature of ICTs as GPTs demands time to evaluate the benefits of 

using technology (Helpman and Trajtenberg, 1998). Chapters 6 and 7 show the 

importance of considering the evolution over time and of selecting the most suitable data 

approaches for analyzing the effects of ICTs on trade, such as the analysis based on panel 

data. Accordingly, the impacts and benefits from ICT usage are not immediate, but a 

consequence of a learning process faced by the population and firms. Firms and public 

administrations may incorporate ICTs as a priority to improve trade competitiveness, with 

special emphasis on the internationalization of small and medium-sized firms. However, 

it is important to take into account the existence of initial decreasing returns to scale when 

adopting new technologies. Investments in ICTs do not originate immediate results and 

short-term policies may not provide an accurate effect of ICT development.  

When we disaggregate by income levels, evidence shows that the Internet boosts in 

particular those exports between high-income countries and from high-income countries 

to low- and middle-income countries. These results confirm that we can expect the 

Internet to have greater effects on trade depending on the size and the quality of the 

number of subscriptions, such as in the case of high-income countries. In addition, high-

income countries possess better infrastructural ICT endowments than low- and middle-

income countries, so the cost of adopting technology is lower. ICT would allow firms 

located in low- and middle-income countries to engage in trade over large distances, 

which would clearly benefit those products of a nonperishable nature. Given the low 

degree of ICT infrastructure in low- and middle-income countries, especially in rural 

areas, there exists the potential in these countries to improve ICT infrastructure and 

benefit from globalization and gains from trade. Policies may seek to disseminate ICT 

infrastructure in low- and middle-income countries, so that the Internet can be reached by 

a larger number of households and firms with a lower cost of adoption. 
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We also find relevant policy implications when we consider types of ICTs. The 

growth of ICT, especially in low- and middle-income countries, has come through mobile 

phones because, among other factors, they require less infrastructure and lower 

maintenance costs (James, 2016). As a result, low- and middle-income countries have 

progressively reduced the existing ICT gap with high-income countries due to mobile 

phone usage, but the gap persists with other ICTs with higher infrastructure requirements, 

such as mobile phones and broadband. The Internet effect on trade is still greater for high-

income countries because they present higher levels of digitalization, as we previously 

pointed out. Broadband coefficients are slightly lower than those for the Internet, but they 

are only significant for exports from high-income countries. In contrast, the impact of 

mobile phones on trade is greater for exports from high- to low- and middle-income 

countries, given the high rate of diffusion exhibited by mobile phones in this last group 

of countries. These results show that it is necessary for low- and middle-income countries 

to promote policies increasing the prevalence of ICT infrastructure. The disaggregation 

by types of ICT shows that there is still the potential to benefit from using the Internet 

and broadband to trade. Governments should identify which types of ICT are close to 

saturation and which others present a greater potential of growth. This distinction of ICTs 

would result in an optimal distribution of financial resources and hence greater trade 

competitiveness. To sum up, investing in ICTs with potential opportunities for growth 

constitutes a fundamental step towards a full integration of low- and middle-income 

countries in globalization. 

Persistence in trade is also significant in this analysis: Past trade values are more 

important than the variables impacting current trade flows. Felbermayr and Kohler (2006) 

define the existence of an intensive margin when existing trade relationships persist and 

an extensive margin denoting the formation of new trade relationships. The intensive 

margin is in line with the natural trading partners hypothesis (Krishna, 2005) and 

confirms that countries prefer to trade with their current partners rather than establishing 

networks with new partners. This defies gravity rules: Variables like GDP and distance 

decrease in importance in the presence of former bilateral trade. Given the importance of 

past trade partners, ICT can be a powerful tool for firms in expanding their current trade 

networks and incorporating other partners. As we pointed out before, ICT can contribute 

to the internationalization of firms. 
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Finally, we show that there exist ICT effects on trade in European regions and find 

two major implications to be discussed. First, the effects are in line with the positive 

evidence obtained for countries, but we demonstrate that it is necessary to study this fact 

in regions, given the importance of location and space in explaining the diffusion of ICTs. 

In fact, the interaction between communication costs and trade at the local level 

determines how firms organize their activities spatially (Gokan et al., 2018). At the spatial 

level, we find that ICT reduces trade costs to increase trade flows between and within 

European regions. Second, we find a spatial trade pattern, where factors concerning trade 

from neighboring regions affect a specific region. In addition, location matters apart from 

ICT usage: Greater trade openness in neighboring regions increase gains from trade for a 

region, in addition to using ICTs to increase trade. Engaging regions in international trade 

is fundamental to mitigating regional disparities in Europe and both ICT and location 

patterns are fundamental to achieving this. Our results show the importance of place-

based territorial policies in promoting development, in line with McCann and Rodríguez-

Pose (2011). Apart from that, it is important to promote policies stimulating ICT across 

European regions. Using ICT would result in greater trade openness and the interactions 

between ICT and benefits from the location, in terms of neighboring regions’ trade 

patterns, will increase trade gains. Initiatives like Connecting Europe Facility, Smart 

Cities and the Digital Agenda show that ICTs contribute to present and future 

development goals, growth and prosperity for EU regions. After the current Cohesion 

Policy has expired in 2020, ICTs can help to redesign a more efficient and inclusive 

Cohesion Policy in Europe. 

From the perspective of firms’ internationalization process, the results highlight the 

importance of promoting ICT use in foreign trade activities. The globalization process 

forces companies to develop new strategies for going global. Thus, efforts to enhance the 

technological capabilities of enterprises that favor and promote ICT investments and use 

emerge as a key issue. Internationalization policies should take into account the role 

played by ICT use in reducing transaction costs. As already mentioned, in developing 

countries efforts should be oriented towards improving firms’ connectivity, in particular 

for high-speed Internet, since it plays a major role in changing the way in which 

companies conduct their business. Finally, in addition to institutional reforms to 

encourage competition and private sector participation to develop the telecommunication 
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infrastructure, public measures should focus on increasing SMEs’ capacity to assess the 

returns and costs of using ICT, attracting and retaining ICT-skilled labor and promoting 

training and skills development programs, since in addition to ICT infrastructure and use, 

in the near feature the impacts of ICT will be increasingly related to the quality of use 

that may impact trade flows. Developed and developing countries should implement an 

integrated strategy to gain the maximum benefit from the use of these technologies. It 

will require efforts not only associated with trade and technological policies but also 

efforts related to economic development issues.  

9.3. A critical assessment of the gravity model 

Ae well as studying the effect of ICTs on trade, the linkage between the chapters is also 

methodological, because all the empirical chapters, 6–8, use a common methodology: the 

gravity equation of international trade, which we covered in Chapter 5.  

In the field of international trade, the gravity model has progressively become the 

most successful methodology for addressing trade flows. One of its principal strengths is 

the capacity to incorporate all the advances in trade theory (Evenett and Keller, 2002) in 

a bilateral trade framework. This bilateral framework implies a specific origin and a 

destination and the total trade is generated by the aggregation of all the origin-destination 

trading combinations. This aggregation originates multiple observations increasing the 

sample size and originates a consistent estimation. 

In this brief assessment of the gravity model, we depart from the general critique to 

the usage of mathematical methods in social sciences, extrapolated to economics, by 

different authors (Hayek, 1955; Prebisch, 1961; Sorokin, 1961; Andreski, 1972; Romer, 

2016). Social sciences need to face a changing reality, and mathematical methods may 

not be valid for explaining human actions. Economics has been progressively 

incorporating mathematical methods and originates a growing debate about the 

consideration of the empirical model not only as a methodological tool for testing the 

objective, but as the objective itself. 

As we have just mentioned, the gravity model is based exclusively on a bilateral 

trade framework. Restricting to a bilateral trade framework may complicate the capture 
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of third-country effects. Although the introduction of multilateral resistance terms 

(MRTs) has mitigated this fact, there are multiple strategies for capturing the omitted 

MRTs in the gravity equation. However, as we pointed out in 5.4.3, there does not exist 

a single way to capture MRTs and results may change depending on the approach used 

to capture MRTs. In addition, the ICT coefficients are time-varying, like the 

recommended exporter-time and importer-time fixed effects for the structural gravity. 

Hence, the particular context of ICT effects on trade may be subject to criticism by the 

gravity literature. 

This bilateral framework may not be accurate enough to explain multilateral trade 

phenomena. In fact, this bilateral framework imposes a high constraint to analyzing recent 

multilateral trade such as the case of global value chains (GVCs). As Baldwin (2016a) 

points out, global production networks imply a context of mega-regional trade 

agreements. GVCs involve multiple countries trading with each other, and a bilateral 

framework may imply trade predictions not close to reality. 

With regard to the selection of variables, we control with ICT variables at the origin 

and at the destination location, as this is the standard approach used in the literature to 

explain the effects of ICTs on trade. However, these unilateral variables do not capture 

the real ICT flow from the origin to the destination, but ICTs at two separate points. It 

would be helpful to measure real bilateral flows of ICT from a specific origin to a 

destination. The number of searches carried out on the Internet by users from foreign 

countries may be a good example. 

In addition, the implementation of estimators is also subject to criticism. Certain 

techniques, such as the dynamic panel estimator proposed by Arellano and Bond (1991), 

make the gravity equation highly sensitive to both the number and the selection of 

instrumental variables. Hence, the robustness of the gravity model may be affected by 

this problem. In our opinion, in this dissertation we present adequate instruments to be 

used for the dynamic regression60. 

Finally, there are a large number of trade barriers, essentially nontariff based, that 

are very difficult to model. The gravity model has attempted to incorporate trade frictions 

in the bilateral trade costs function, but not measuring all trade barriers may result in a 

60 Special thanks to Professor Rocío Marco for her useful help with this methodological issue. 
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problem of missing trade (Trefler, 1995). As a consequence of this, the gravity model 

does not take into account all the determinants of trade. This may be solved with mirrored 

data sets, as Yotov et al. (2016) point out: Import data are closer to reality than export 

data because import flows incorporate trade barriers. Hence, coefficients may be more 

representative. 

The gravity model is the standard methodology used to study trade relationships 

and has resulted in a large number of relevant scientific articles. However, there does not 

exist a standard theory of gravity, as demand, supply and discrete choice coexist 

(Anderson, 2011). There also seems not to be a standard estimation methodology, 

especially with panel data, and the imposition of treating zeros, endogeneity and 

multilateral resistance terms results in a wide variety of estimations. For instance, the 

gravity model was the methodology used to evaluate the potential effects of the United 

Kingdom leaving the European Union, known as “Brexit,” on the trade relationships 

between the United Kingdom and the European Union member states. Using the gravity 

equation, the literature found greater effects of Brexit on trade between the United 

Kingdom and 28 EU member countries than the effects of Brexit on trade flows from the 

United Kingdom to the same member countries (Gudgin et al., 2017). This is clearly 

contradictory and makes the result depend on the data and the estimation technique, the 

gravity model. 

To conclude, we must be cautious about which conclusions can be offered by the 

gravity model and examine them with a critical perspective. Apart from that, the trade 

literature progressively focuses on the explanation of MRTs, the treatment of zeros, 

endogeneity and other empirical concerns as its further objectives, at the expense of 

forgetting the objective and contribution to be tested in the studies. Accordingly, this 

biased point of view towards methodology decreases the importance of the objective and 

a contribution. This is certainly a potential problem for empirical international trade as a 

discipline. 
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9.4. Limitations of the dissertation and future research agenda 

The objective of this dissertation is to contribute to studying the relationship between 

ICTs and trade. To this end, we have analyzed the effect of ICTs on trade under the 

consideration of differences in ICT diffusion: levels of development (Chapter 6), types of 

ICT (Chapter 7) and regions (Chapter 8). However, the topic still presents scope for future 

research. We go on to mention these topics in separate paragraphs: trade margins, 

networks, product complexity, a deeper analysis at a regional level of ICT impacts, 

differences among regions, the analysis of emerging ICT effects on trade and the study 

of complementarities between ICTs and innovation in investigating their effects on trade. 

First, the literature has focused exclusively on the analysis of bilateral trade 

considering the variable of trade in levels or in logarithms. This impedes the 

disaggregation of trade into trade margins. Hummels and Klenow (2005) distinguish two 

types of trade margins: While the extensive margin accounts for the quality of the product 

set traded, the intensive margin focuses on the quantity of products traded. In addition, 

Hummels and Klenow (2005) find that within specific product categories, high-income 

countries export greater product quantities with increasing prices and the extensive 

margin covers 60% of larger countries’ exports. Therefore, it is relevant to distinguish 

between the impacts of ICTs on trade taking into account both the extensive and intensive 

margins, in terms of the different effects on the quantity and the quality of the products 

traded. In line with Osnago and Tan (2016), it is necessary to provide further evidence 

about the different effects concerning trade margins. 

Second, the literature has considered the effect of ICT on trade in a context where 

the value added of the product is entirely generated in the exporter country. However, in 

the most recent wave of globalization, we previously recalled that global value chains are 

completely transforming economic relationships (Baldwin, 2016b). ICTs contribute to 

the control and monitoring of the subsidiaries by their headquarters, and increase the 

international fragmentation of production with more countries engaging in global value 

chains (Overman et al., 2003; Antràs and Chor, 2013; Gereffi, 2014). The effects of ICTs 

on trade are expected to depend on the type of sector and the degree of international 

fragmentation of production. We distinguish between the two approaches that study 

global value chains: first, the decomposition of the value added of trade (Johnson and 

Noguera, 2012) with international fragmentation of production. As shown by Noguera 
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(2011), this trade decomposed with value added can be used in a gravity framework. In 

the light of the objective of the dissertation, ICT can be incorporated as an explanatory 

variable in this gravity framework and study their impacts on trade in value added. 

Second, following the network structure of trade proposed by Chaney (2014), Baldone et 

al. (2007) use network analysis to create indices to evaluate the prevalence of global value 

chains in a specific sector. In this context of network analysis, it may be important to 

identify the number of nodes and the most important nodes: ICT may not only contribute 

to increasing nodes by engaging more countries, but this effect may differ by sectors. As 

De Benedictis et al. (2014) identify, the network structure changes by sectors, and it 

would be important to study the evolution of indices depending on the ICT intensity for 

each sector. As Bernard and Moxnes (2018) point out, the literature on trade and 

production networks presents great potential for contributions. 

Third, differences in income have been the traditional criterion in distinguishing the 

disparities in the diffusion of ICT when studying the effect of ICT on trade. No attention 

has been paid to productive knowledge differences between countries, given that GDP 

per capita only explains a small fraction of knowledge capital (Hanushek et al., 2017). 

The topic of economic complexity, where products differ in their embedded productive 

knowledge (Hausmann and Hidalgo, 2011; Hausmann et al., 2011), emerges as a potential 

element in developing future studies: Countries may be disaggregated in terms of their 

degree of economic complexity. Only Wang and Li (2017) introduce the topic of the 

complexity of exports to explain the effects of ICTs on trade, but for a cross-section 

analysis. It would be relevant for future studies to estimate ICT effects on trade 

disaggregating countries by the complexity of exports, taking into account the different 

measures of complexity provided by Minondo and Requena (2013). 

Fourth, it is necessary to provide additional evidences about the role of regions, 

once we demonstrate the existence of a positive relationship between broadband and trade 

for European regions in Chapter 8. To begin with, it is necessary to study the effect of 

ICTs on regional trade disaggregating by income levels. In the context of the European 

Union, the engagement of lagging regions is fundamental to setting the objectives of the 

Cohesion Policy (European Commission, 2017a; Rodríguez-Pose and Ketterer, 2018). 

Thus, it is fundamental in distinguishing lagging regions to evaluate the effects of ICTs 

on trade to contribute to the future redesigning of the Cohesion Policy. Consequently, the 
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empirical evidence on ICT diffusion at a regional level informs us of inequalities among 

European regions and the existence of a regional digital divide (Vicente and Lopez, 2011). 

This is expected to cause different effects of ICT on trade. A second extension may 

consider the classification of regions according to their degree of innovation displayed by 

the Regional Innovation Scoreboard: Leader, Strong, Moderate and Modest (European 

Commission, 2017b)61. According to the existing literature on innovation and trade, we 

may expect different effects of ICT on regional trade depending on the degree of 

innovation: Those regions investing more in innovation will trigger their competitiveness 

more rapidly than regions investing less in innovation. How to engage lagging regions in 

trade may represent a source of mitigating regional disparities in Europe (European 

Commission, 2017a). 

Fifth, we looked in Chapter 7 at how different types of ICTs impact trade. However, 

the information society is continuously changing and as well as the traditional ICTs like 

the Internet and mobile phones, emerging technologies such as the Internet of Things, Big 

Data, artificial intelligence and cloud computing have incorporated the process of ICT 

diffusion (ITU, 2017). These emerging ICTs are basic in understanding how the 

information society is evolving and their effects on trade need to be quantified. Hence, 

analysis of the effect of ICTs on trade only using the Internet and mobile phones may 

become obsolete and future studies may incorporate emerging technologies and estimate 

their effects on trade. 

Sixth, in this dissertation we have only focused on the trade of goods. However, 

one of the most important facts related to ICT, especially the Internet, is the opportunity 

for buyers to purchase goods online using the Internet (World Bank, 2016). Accordingly, 

e-commerce trade flows are increasing in importance, especially with the emergence of 

online platforms such as Amazon and eBay. Leamer and Storper (2001) define the 

existence of an economic geography of the Internet age, and Hortaçsu et al. (2009) extend 

this topic to a geography of online transactions. Despite the advances in the Internet, 

Hortaçsu et al. (2009) still find distance relevant in explaining online trade transactions. 

Hence, it would be relevant for future studies to study trade flows not only of physical 

61 The aim of the Regional Innovation Scoreboard is to provide an overview of the innovation systems 
across 220 regions of 22 EU member states. 



 Chapter 9: Overall conclusions 

Page 316 of 342 ©Ernesto Rodríguez Crespo 

goods, but for online transactions in line with different authors (Lendle et al., 2012; 

Lendle and Vézina, 2015; Kim et al., 2017). 

Finally, it is necessary to explore the effects of ICTs on trade taking into account 

the complementarities between ICTs and innovation. Recent research has emphasized the 

existence of similar factors when explaining ICTs and innovation for the spatial 

distribution of economic activities in the European Union (Billon et al., 2017a; Billon et 

al., 2017b; Edquist and Henrekson, 2017). These complementarities need to be explored 

in future studies assessing the effects of ICTs on trade taking into account the role of 

innovation. Both variables, innovation and ICTs, may be included separately or as a 

dyadic term using the gravity equation. 
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Capítulo 10: Conclusiones generales (in Spanish) 

Tras la introducción (Capítulo 1), se ha definido un marco conceptual para las 

Tecnologías de la Información y la Comunicación (Capítulo 2) y el rol de la tecnología 

en la teoría del comercio (Capítulo 3). En el capítulo 4, explicamos la evidencia teórica y 

empírica acerca de los efectos de las TIC sobre el comercio. Adicionalmente, se considera 

la metodología empírica de referencia que se utiliza en los capítulos de la segunda parte 

de la tesis doctoral: el modelo de gravedad (capítulo 5). Todas estas secciones aportan 

implicaciones fundamentales de cara a entender el efecto de las TIC sobre el comercio. 

La segunda parte de la tesis doctoral se compone de tres capítulos, cada uno de ellos 

enfocado en un objetivo diferente, como ya se explicó en la sección 1.1. Los capítulos 6 

al 8, ambos inclusive, siguen la estructura de un manuscrito potencialmente publicable en 

una revista científica. 

10.1. Principales resultados obtenidos 

Como ya se mencionó en la sección de Introducción (Capítulo 1), tanto las TIC como el 

comercio son pilares del proceso de globalización actual, que se caracteriza por unos 

niveles sin precedente de flujos de comercio y uso de las TIC. Las TIC como Tecnologías 

de Propósito General presentan importantes efectos en la forma de transmitir información 

y conocimiento (Capítulo 2), generando impactos relevantes en una gran variedad de 

actividades a nivel de empresa, tales como la importación y exportación, entre otras. La 

relación entre utilización de tecnología y comercio y, más específicamente, el uso de las 

TIC, se basa en el rol de las TIC para reducir costes fijos y variables de comercio, lo que 

afecta al proceso de internacionalización de las empresas (Capítulo 4). 

Aunque el comercio y la difusión de las TIC se han estudiado tradicionalmente de 

manera separada, un número escaso de estudios han hallado la existencia de un efecto 

causal entre ambos fenómenos. Sin embargo, aunque la revisión de la literatura muestra 

que diferentes autores han estudiado empíricamente los efectos de las TIC sobre el 

comercio, la cuestión reside en que la difusión de las TIC a través del tiempo y el espacio 

no es un fenómeno estático ni simétrico, sino dinámico y asimétrico. Consecuentemente, 

la investigación acerca del efecto de las TIC sobre el comercio debería considerar estas 
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características tan particulares para explicar el impacto de las TIC sobre el comercio. En 

este contexto, esta tesis doctoral busca arrojar evidencia adicional sobre cómo las 

disparidades en la difusión de las TIC afectan a los impactos de las TIC sobre el comercio. 

En línea con la evidencia teórica y empírica, se ha considerado que el análisis de los 

potenciales impactos de las TIC viene influenciado por: i) el período de tiempo de 

análisis, con especial énfasis hacia los periodos de tiempo actuales al registrar los niveles 

más amplios de difusión de la tecnología, ii) niveles de desarrollo económico, iii) el tipo 

de tecnología y iv) el nivel de análisis (país/regional). Para tal fin, se ha definido un 

conjunto de cuatro hipótesis específicas que se han contrastado en los capítulos 6–8, 

ambos inclusive. A continuación, se describe cada hipótesis, los resultados obtenidos y la 

contribución de estos resultados a la literatura. 

H1: El impacto del uso de Internet sobre el comercio difiere según niveles de 

desarrollo económico 

En el capítulo 6, se ha estudiado cómo el uso de Internet afecta al comercio para una 

muestra de 55 países durante el período 2000-2013, utilizando un modelo de gravedad. 

Se han segmentado los países exportador e importador de acuerdo a sus niveles de 

desarrollo y se ha hallado no sólo un efecto positivo de las TIC sobre el comercio, sino 

cómo dicho efecto positivo difiere para niveles de desarrollo económico. Se encuentra 

cómo los coeficientes más grandes se obtienen para las exportaciones desde países de 

renta alta, que son los que registran un mayor nivel de digitalización. Los coeficientes 

más grandes del uso de Internet se obtienen para el país exportador, cuando el país 

importador es también de renta alta (0,283) o no se distingue por niveles de renta en el 

país importador (0,256). Como resultado, se corrobora la hipótesis H1, encontrando un 

efecto diferente del uso de Internet sobre el comercio dependiente del nivel de desarrollo. 

Estos resultados exploran los efectos del uso de Internet sobre el comercio 

distinguiendo los impactos por niveles de desarrollo. En contraste con estudios previos, 

se considera un período de tiempo largo y cercano al actual, que presenta niveles más 

altos de difusión de las TIC. Se utiliza comercio agregado para una muestra representativa 

de países y no se restringe a una determinada área geográfica ni a un tipo específico de 

producto. 
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H2: En un contexto de comercio dinámico, los impactos de las TIC sobre el comercio 

difieren por el tipo de tecnología y niveles de desarrollo económico 

En el capítulo 7, se implementa un modelo de gravedad dinámico con datos de panel para 

estudiar el efecto de diferentes tipos de TIC sobre el comercio durante el período 2000–

2013. Se consideran Internet, los teléfonos móviles y la banda ancha como las principales 

variables explicativas para los tipos de TIC y los escenarios de acuerdo a niveles de 

desarrollo. Los resultados obtienen un efecto positivo de las TIC sobre el comercio, pero 

difiere por tecnología y nivel de renta. El escenario que registra los efectos mayores es el 

de exportaciones desde países de renta alta hacia países de renta media y baja. Sin 

embargo, estos impactos cambian por tipo de tecnología: los valores para el país 

exportador son 0,292 y 0,201 para Internet y la banda ancha, respectivamente. El valor 

más alto pertenece a los teléfonos móviles en el país importador (0.355). En línea con la 

hipótesis H2, estos resultados confirman la existencia de un efecto diferente de las TIC 

sobre el comercio por tipos de tecnología y niveles de desarrollo. 

En este capítulo, se ha estudiado el efecto de diferentes tipos de TIC sobre el 

comercio utilizando un enfoque de comercio dinámico. En contraste con estudios previos, 

no existen restricciones sólo a Internet y se incorporan otras variables TIC importantes, 

tales como los teléfonos móviles y la banda ancha. Se analizan los efectos de cada TIC 

sobre el comercio de manera separada con el fin de capturar la heterogeneidad en la 

difusión de cada TIC. Además, no se utilizan índices agregados porque éstos no capturan 

la heterogeneidad en la difusión de las TIC. Como se hizo en la anterior hipótesis H1, se 

utiliza un período de tiempo largo cercano al actual y una muestra representativa de 

países. 

H3: Existe un efecto positivo de la banda ancha sobre el comercio a un nivel regional en 

Europa 

En el capítulo 8, se utiliza un modelo de gravedad en un análisis de sección cruzada en 

2007 y 2010 para una muestra de 230 regiones europeas. Se estudia el efecto de la banda 

ancha sobre el comercio bilateral utilizando un modelo de gravedad, encontrando que la 

banda ancha incrementa el comercio para las regiones europeas. El efecto más alto es 

0,137 para la variable de banda ancha en la región exportadora en 2010. Así, estos 
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resultados confirman la existencia de un efecto positivo de la banda ancha sobre el 

comercio a nivel regional en Europa, en línea con lo planteado en H3. 

Se ha enfocado el estudio del efecto de la banda ancha a nivel de regiones, en 

contraste con los estudios previos realizados a nivel de país. No se puede obviar la 

importancia del espacio y la localización para determinar la actividad económica en la 

UE y por tanto en el impacto de la banda ancha sobre el comercio regional. Sin embargo, 

la falta de estadísticas a nivel regional es un problema que ha impedido que esta cuestión 

pueda ser estudiada a nivel regional. 

H4: El efecto de la banda ancha sobre el comercio regional europeo es más bajo en 

presencia de efectos de repercusión del comercio 

Adicionalmente a lo formulado en H3, se ha contrastado además el efecto de la banda 

ancha en el comercio bajo la consideración de efectos de repercusión del comercio. En 

este caso, debido al contexto de bases de datos grandes en econometría espacial, se 

consideran tres escenarios de dependencia espacial: origen, destino y origen-destino. El 

efecto de la banda ancha sobre el comercio es positivo y significativo: 0.141 es el efecto 

mayor encontrado al considerar dependencia espacial en origen. En línea con H4, se 

esperan efectos más bajos debido a efectos de repercusión del comercio, porque estos 

absorben información de las variables explicativas. Sin embargo, este caso sólo ocurre al 

considerar dependencia espacial en origen y en destino, donde los coeficientes de la 

variable banda ancha son ligeramente más bajos que en el caso de la regresión con la 

ecuación de gravedad tradicional. Como resultado, H4 se verifica parcialmente y la 

explicación se relaciona con la existencia de matrices grandes en econometría espacial: 

no se puede considerar dependencia espacial en origen, destino y origen-destino de 

manera simultánea. 

Esta hipótesis es inédita y, por tanto, no ha sido contrastada en estudios previos. Tal 

y como se mencionó con anterioridad, existe una falta de estudios significativa a nivel 

regional acerca de los efectos de la banda ancha sobre el comercio. Adicionalmente, 

ningún estudio ha evaluado las implicaciones espaciales de los efectos de la banda ancha 

sobre el comercio. Estas implicaciones espaciales resultan en considerar efectos de 

repercusión del comercio, y de hecho estos efectos se pueden evaluar en presencia de 

matrices grandes originadas por el nivel de desagregación territorial.  
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A modo de resumen, el objetivo de esta tesis doctoral es estudiar cómo las 

disparidades en la difusión de las TIC afectan al impacto de las TIC sobre el comercio. 

En este contexto, las hipótesis H1–H4 proponen que los impactos de las TIC difieren por 

niveles de desarrollo, tipos de TIC y regiones. Se ha demostrado cómo los efectos de las 

TIC varían en los cuatro escenarios considerados previamente. En nuestra opinión, estos 

resultados destacan la importancia de entender el proceso y las características de la 

difusión de cada tecnología y sus consecuencias, en contraste con los estudios previos. 

De hecho, no considerar disparidades en la difusión de las TIC conlleva inconsistencia 

con el contexto económico y social de las TIC. 

10.2. Implicaciones de política económica 

De acuerdo a los resultados obtenidos en los capítulos 6-8 al contrastar las hipótesis H1–

H4, en esta sección se proporcionan sugerencias acerca de posibles implicaciones de 

política pública derivadas de los resultados. Estas implicaciones de política pública se 

organizan en torno a cinco aspectos: la dimensión del tiempo, los niveles de renta, los 

tipos de TIC, la persistencia en el comercio y el desempeño regional. 

En términos generales, se destaca la importancia de la dimensión del tiempo de cara 

a evaluar el efecto de la difusión de las TIC, y el impacto de las TIC sobre el comercio 

no constituye una excepción. Tal y como se mencionó en secciones anteriores, la 

naturaleza de las TIC como Tecnologías de Propósito General demanda tiempo con el fin 

de evaluar los beneficios derivados de la utilización de la tecnología (Helpman y 

Trajtenberg, 1998). Los capítulos 6 y 7 muestran la importancia de considerar la 

evolución a lo largo del tiempo y la importancia de seleccionar los enfoques de datos más 

apropiados para analizar los efectos de las TIC a lo largo del tiempo, tal como el análisis 

basado en los datos de panel. De este modo, los impactos y los beneficios derivados del 

uso de las TIC no son inmediatos, sino una consecuencia de un proceso de aprendizaje 

afrontado por la población y las empresas. Las empresas y las Administraciones Públicas 

tienen que incorporar las TIC como una prioridad de cara a mejorar la competitividad en 

el comercio, con especial importancia de la internacionalización de las Pequeñas y 

Medianas Empresas (PYMES). Sin embargo, es importante tener en cuenta la existencia 

de rendimientos a escala decrecientes en las fases iniciales al adoptar estas nuevas 
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tecnologías. Las inversiones en TIC no originan resultados inmediatos y las políticas de 

corto plazo podrían no traer consigo un efecto preciso de cara al estudio del desarrollo de 

las TIC. 

Al desagregar por niveles de renta la evidencia muestra que Internet incrementa 

especialmente las exportaciones entre países de renta alta y desde los países de renta alta 

hacia los países de renta media y baja. Estos resultados confirman que se pueden esperar 

mayores efectos de Internet en el comercio dependiendo del tamaño y la calidad del 

número de suscripciones, tal como refleja el caso de los países de renta alta. 

Adicionalmente, los países de renta alta poseen mejores dotaciones de infraestructuras 

TIC que los países de renta media y baja, con lo que el coste de adopción de la tecnología 

es mejor. Las TIC permitirían que las empresas localizadas en países de renta media y 

baja pudieran engancharse al comercio relativo a largas distancias, lo que beneficiaría 

claramente a aquellos productos de una naturaleza no perecedera. Dado el menor grado 

de infraestructuras TIC en países de renta media y baja, especialmente en áreas rurales, 

existe potencial en estos países para mejorar la infraestructura TIC y obtener beneficio de 

la globalización y las ganancias del comercio. Las políticas deben buscar extender la 

infraestructura TIC en países de renta media y baja, con lo que Internet pueda ser 

adoptado por un mayor número de hogares y empresas con un coste de adopción menor. 

También existen implicaciones de política pública relevantes al considerar 

diferentes tipos de TIC. El crecimiento de las TIC, especialmente en los países de renta 

media y baja, ha venido a través de los teléfonos móviles porque, entre otros factores, 

requieren menor infraestructura y el coste de mantenimiento es más bajo (James, 2016). 

Como resultado, los países de renta media y baja han ido reduciendo progresivamente la 

diferencia en la utilización de las TIC con los países desarrollados gracias a los teléfonos 

móviles, pero las diferencias persisten en otras TIC con mayores requerimientos de 

infraestructura, tales como los teléfonos móviles y la banda ancha. El efecto de Internet 

sobre el comercio es todavía mayor para los países de renta alta al presentar éstos mayores 

niveles de digitalización, tal y como se indicó previamente. El efecto de la banda ancha 

es ligeramente más bajo que Internet, pero la banda ancha es solamente significativa para 

las exportaciones desde los países de renta a alta. De manera opuesta, el impacto de los 

teléfonos móviles sobre el comercio es mayor para las exportaciones de los países de renta 

alta hacia los países de renta media y baja, debido al alto grado de difusión mostrado por 
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los teléfonos móviles en este último grupo de países. Estos resultados muestran cómo es 

necesario que los países de renta media y baja promuevan políticas que incrementen la 

prevalencia de infraestructuras TIC. La desagregación por tipos de TIC muestra que 

todavía existe potencial para que estos países puedan beneficiarse del uso del TIC y la 

banda ancha para comerciar. Los gobiernos deberían identificar qué tipos de TIC están 

más cercanos a niveles de saturación y cuáles presentan un mayor potencial de 

crecimiento. Esta distinción relativa a las TIC resultaría en una distribución óptima de los 

recursos financieros y por tanto mayor competitividad comercial. A modo de resumen, la 

inversión de TIC con mayores oportunidades de crecimiento constituye una fase 

fundamental hacia una integración completa de los países de renta media y baja en la 

globalización. 

La persistencia en el comercio es igualmente significativa en este análisis: los 

valores de comercio en años anteriores resultan más importantes que las variables que 

impactan en los flujos de comercio actuales. Felbermayr y Kohler (2006) definen la 

existencia de un margen intensivo de comercio cuando las relaciones comerciales 

existentes persisten y un margen extensivo que denota la formación de nuevas relaciones 

comerciales. El margen de comercio intensivo está en línea con la hipótesis natural de 

los socios comerciales (Krishna, 2005), confirmando que los países tienden a comerciar 

con sus socios actuales en lugar de establecer redes con nuevos socios. Este hecho desafía 

las reglas del modelo de gravedad: variables como el PIB y la distancia ven cómo 

disminuye su importancia en presencia del comercio bilateral en períodos anteriores. 

Dada la importancia de los socios comerciales pasados, las TIC pueden resultar una 

herramienta muy potente de cara a que las empresas expandan sus redes comerciales 

actuales e incorporen otros socios. Tal y como se señaló anteriormente, las TIC pueden 

contribuir a la internacionalización de las empresas. 

Finalmente, se demuestra que existen efectos de las TIC sobre el comercio en las 

regiones europeas, lo que trae consigo dos implicaciones para su discusión. En primer 

lugar, estos efectos están en línea con el efecto positivo obtenido a nivel de países, pero 

se demuestra que es necesario igualmente estudiar este hecho en las regiones, debido a la 

importancia de la localización y el espacio para explicar la difusión de las TIC. De hecho, 

la interacción entre los costes de comunicación y el comercio al nivel local determina 

cómo las empresas organizan sus actividades espacialmente (Gokan y otros, 2018). A 
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nivel espacial, se verifica que las TIC reducen los costes de comercio para incrementar 

los flujos de comercio entre las regiones europeas, así como el comercio intrarregional 

que tiene lugar dentro de las citadas regiones. En segundo lugar, se encuentra un patrón 

espacial de comercio, donde los factores pertenecientes a regiones vecinas afectan al 

comercio de una región concreta. Adicionalmente, la localización es importante, aparte 

del uso de las TIC: una mayor apertura comercial en regiones vecinas incrementa las 

ganancias del comercio en una región, de manera adicional a la utilización de las TIC 

para incrementar el comercio internacional. Enganchar a las regiones en el comercio 

internacional es fundamental para mitigar las disparidades a nivel regional en Europa y 

tanto las TIC como los patrones de localización resultan fundamentales de cara a lograr 

este hecho. Los resultados obtenidos demuestran la importancia de las políticas 

territoriales basadas en lugares para promover el desarrollo, en línea con McCann y 

Rodriguez-Pose (2011). Aparte de esto, es importante promover políticas que estimulen 

la utilización de las TIC en las regiones europeas. El uso de las TIC traería consigo mayor 

apertura comercial, y las interacciones entre las TIC y los beneficios del comercio 

derivados de la localización e interacción con las regiones vecinas incrementarían los 

flujos de comercio. Iniciativas tales como Conectando Europa, Ciudades Inteligentes o 

la Agenda Digital muestran cómo las TIC contribuyen a los objetivos de desarrollo 

presente y futuro, crecimiento y prosperidad para las regiones europeas. Tras expirar la 

actual Política de Cohesión en 2020, las TIC pueden contribuir a rediseñar una Política 

de Cohesión en Europa más eficiente e inclusiva. 

Bajo la perspectiva del proceso de internacionalización de las empresas, los 

resultados destacan la importancia de promover la utilización de las TIC en las actividades 

de comercio exterior. El proceso de globalización fuerza a las empresas a desarrollar 

nuevas estrategias globales. En este contexto, son fundamentales los esfuerzos para 

aumentar las capacidades tecnológicas de las empresas que favorecen y promueven el uso 

y la inversión en TIC. Las políticas de internacionalización deberían tener en cuenta el 

papel desempeñado por el uso de las TIC en reducir los costes de transacción. Como ya 

se ha mencionado, los esfuerzos en los países en vías de desarrollo deberían estar 

orientados a la mejora de la conectividad empresarial, en particular para Internet de alta 

velocidad, dado que éste juega un papel fundamental cambiando la forma en la que las 

empresas realizan sus negocios. Finalmente, de manera adicional a las reformas 



Capítulo 10: Conclusiones generales (in Spanish) 

 ©Ernesto Rodríguez Crespo  Page 331 of 342 

institucionales que mejoren la competencia y la participación del sector privado en el 

desarrollo de la infraestructura de telecomunicaciones, las medidas públicas se deberían 

enfocar en incrementar la capacidad de las PYMES. Esta capacidad debería evaluar los 

retornos de la inversión en TIC, los costes derivados de la utilización de las TIC, atraer y 

retener mano de obra cualificada desde el punto de vista TIC. Además, es necesario 

promover programas de entrenamiento y mejora del desarrollo, ya que de manera 

adicional a la infraestructura y al uso de las TIC, en un futuro cercano los impactos de las 

TIC estarán relacionados con la calidad del uso que impacta en los flujos de comercio. 

Los países desarrollados y en vías de desarrollo deberían implementar una estrategia 

integrada con el fin de beneficiarse al máximo del uso de estas tecnologías. Requerirá 

esfuerzos no sólo asociados al comercio y a políticas tecnológicas, sino también esfuerzos 

relacionados con el desarrollo económico. 

10.3. Una evaluación crítica del modelo de gravedad 

Más allá de estudiar el efecto de las TIC sobre el comercio, el nexo entre los capítulos es 

también metodológico, dado que todos los capítulos empíricos utilizan una metodología 

común: la ecuación de gravedad de comercio, que se explicó de manera detallada en el 

capítulo 5. 

En la disciplina de comercio internacional, el modelo de gravedad se ha convertido 

de manera progresiva en la metodología más exitosa para estudiar los flujos de comercio. 

Una de sus principales fortalezas reside en la capacidad de incorporar todos los avances 

en la teoría del comercio (Evenett y Keller, 2002), dentro de un ámbito bilateral. Este 

ámbito bilateral implica la existencia de un origen y destino específico, y el comercio 

total es generado a partir de la agregación de todas las combinaciones de pares origen-

destino. Esta agregación origina múltiples observaciones, incrementando el tamaño 

muestral y, por tanto, una estimación consistente. 

En esta breve evaluación del modelo de gravedad, se parte de la crítica general 

efectuada por diferentes autores a la utilización de métodos matemáticos en las ciencias 

sociales, extrapolada al campo de la economía (Hayek, 1955; Prebisch, 1961; Sorokin, 

1961; Andreski, 1972; Romer, 2016). Las ciencias sociales necesitan afrontar el reto de 

una realidad cambiante, y los métodos matemáticos podrían no ser válidos para explicar 
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las acciones humanas. La economía ha incorporado de manera progresiva métodos 

matemáticos, originando un creciente debate acerca de la consideración del modelo 

empírico no sólo como la herramienta metodológica para explicar el objetivo, sino como 

el propio objetivo de la investigación. 

Tal y como se ha mencionado, el modelo de gravedad se basa exclusivamente en 

un ámbito de comercio bilateral. El hecho de restringir las explicaciones a un ámbito 

bilateral complica la explicación de los efectos de terceros países. Aunque la introducción 

de los términos de resistencia multilateral (TRM) ha solventado esta deficiencia, existen 

múltiples estrategias para capturar los TRM omitidos en la ecuación de gravedad. Sin 

embargo, como se mencionó en el apartado 5.4.3, no existe una única forma de explicar 

los TRM, con lo que los resultados pueden variar según la forma en la que se estén 

capturando los TRM. De manera adicional, los coeficientes de las variables TIC son 

tiempo-variantes, lo que coincide con la principal recomendación de efectos exportador 

e importador tiempo-variantes como el mejor método para capturar la ecuación de 

gravedad estructural. Por tanto, el contexto particular de los efectos de las TIC sobre el 

comercio queda sujeto a críticas por parte de la literatura. 

Este ámbito de comercio bilateral puede no ser adecuado para explicar fenómenos 

de comercio multilateral. De hecho, este ámbito de comercio bilateral impone una 

restricción alta de cara al análisis de fenómenos recientes de comercio multilateral tal y 

como es el caso de las cadenas de valor globales (CVG). Tal y como menciona Baldwin 

(2016a), las redes de producción global implican un contexto de múltiples acuerdos de 

comercio regional. Las CVG involucran a múltiples países que comercian entre ellos, y 

un ámbito de comercio bilateral podría implicar que las predicciones del comercio no 

sean cercanas a la realidad. 

En lo que concierne a la selección de variables, se controlan las variables TIC en el 

origen y en el destino, dado que esta es la forma estándar utilizada por la literatura de cara 

a explicar los efectos de las TIC sobre el comercio. Sin embargo, estas variables 

unilaterales no están capturando un flujo real TIC entre un origen y un destino, sino la 

medida de TIC en dos lugares específicos. Sería conveniente medir los flujos bilaterales 

reales de la variable TIC desde un origen a un destino específico. Un ejemplo podría ser 

el número de búsquedas en Internet efectuado por los usuarios de países extranjeros. 
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Adicionalmente, la implementación de estimadores queda también sujeta a crítica. 

Técnicas concretas, como el estimador de panel dinámico propuesto por Arellano y Bond 

(1991), hacen que la ecuación de gravedad sea muy sensible al número y la selección de 

variables utilizadas como instrumentos. Por tanto, la robustez de la ecuación de gravedad 

queda afectada por este problema. En esta tesis doctoral se presentan los instrumentos 

adecuados que serán utilizados para la regresión dinámica62. 

Finalmente, existe un gran número de barreras al comercio, principalmente de 

naturaleza no arancelaria, que son muy difíciles de modelizar. El modelo de gravedad ha 

pretendido incorporar las fricciones al comercio dentro de la función de costes de 

comercio bilaterales, pero no medir todas las barreras puede resultar en un problema de 

comercio perdido (Trefler, 1995). Como consecuencia de este hecho, el modelo de 

gravedad no está teniendo en cuenta todos los determinantes del comercio. Este problema 

puede ser solventado con el uso de bases con datos reflejados, tal y como señalan Yotov 

y otros (2016): los datos de importaciones son más representativos que los datos de 

exportaciones porque los flujos de importación incorporan las barreras al comercio. Por 

tanto, los coeficientes obtenidos serán más representativos. 

El modelo de gravedad es la metodología estándar para estudiar las relaciones 

comerciales y ha resultado en un gran número de artículos científicos relevantes. Sin 

embargo, no existe una teoría estándar de gravedad, dado que la demanda, oferta y 

elección discreta coexisten (Anderson, 2011). Tampoco existe una metodología de 

estimación estándar, especialmente en los datos de panel, y la imposición de tratar ceros, 

endogeneidad y los TRM han resultado en una gran variedad de estimadores. Por ejemplo, 

el modelo de gravedad fue la metodología utilizada para evaluar los efectos potenciales 

del abandono de Reino Unido de la Unión Europea, el Brexit, sobre el comercio entre el 

Reino Unido y los Estados Miembros de la Unión Europea. A partir de la utilización de 

la ecuación de gravedad, se encontraron efectos más grandes del Brexit en el comercio 

entre el Reino Unido y 28 Estados Miembros de la Unión Europea que los efectos del 

Brexit en los flujos de comercio desde el Reino Unido a los mismos Estados Miembros 

(Gudgin y otros, 2017). Este hecho es claramente contradictorio y provoca que el 

resultado dependa de los datos y de la técnica de estimación, el modelo de gravedad. 

62 Hago constar mi agradecimiento a la Profesora Rocío Marco por su ayuda con esta metodología. 
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A modo de conclusión, es necesario ser cauto sobre qué conclusiones pueden ser 

ofrecidas por el modelo de gravedad y que éstas sean examinadas desde una perspectiva 

crítica. Aparte de esto, la literatura de comercio se ha enfocado de manera progresiva en 

la explicación de los TRM, el tratamiento de ceros, la endogeneidad y otros supuestos 

empíricos como objetivos de la investigación, a expensas de olvidar el objetivo y la 

contribución de los estudios. En consecuencia, este punto de vista sesgado hacia la 

metodología disminuye la importancia del objetivo y la contribución. Este hecho 

representa un problema potencial para el comercio internacional empírico como 

disciplina. 

10.4. Limitaciones de la tesis doctoral y agenda futura de la investigación 

El objetivo de esta tesis doctoral es contribuir al estudio de la relación entre las TIC y el 

comercio. Para tal fin, se ha analizado el efecto de las TIC sobre el comercio bajo la 

consideración de diferencias en la difusión de las TIC: niveles de desarrollo (Capítulo 6), 

tipos de TIC (Capítulo 7) y regiones (Capítulo 8). Sin embargo, este tema todavía presenta 

áreas futuras de investigación. Se mencionan dichas áreas a lo largo de los siguientes 

párrafos: márgenes del comercio, redes, complejidad de productos, un análisis más 

profundo de los impactos de las TIC a nivel regional, diferencias entre regiones, el análisis 

de los efectos de las TIC emergentes sobre el comercio y el estudio de las 

complementariedades entre las TIC y la innovación de cara a analizar sus efectos sobre 

el comercio. 

En primer lugar, la literatura se ha enfocado de manera exclusiva en el análisis del 

comercio bilateral, considerando la variable de comercio en niveles o en logaritmos. Este 

hecho impide la desagregación del comercio en márgenes de comercio. Hummels y 

Klenow (2005) distinguen dos tipos de márgenes de comercio: mientras que el margen 

extensivo concentra la calidad de la cesta de productos comerciados, el margen intensivo 

se centra en la cantidad de productos comerciados. Adicionalmente, Hummels y Klenow 

(2005) encuentran cómo dentro de categorías de productos específicos, los países de renta 

alta exportan mayores cantidades de productos a precios más altos y el margen extensivo 

concentra el 60% de las exportaciones de los países más grandes. Por lo tanto, resulta 

relevante distinguir los impactos de las TIC sobre el comercio teniendo en cuenta los 
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márgenes extensivo e intensivo, de acuerdo a los diferentes efectos de las TIC sobre la 

cantidad y calidad de los productos comerciados. Partiendo del estudio realizado por 

Osnago y Tan (2016), es necesario proporcionar una mayor evidencia sobre los diferentes 

efectos de las TIC sobre el comercio, teniendo en cuenta los márgenes del comercio. 

En segundo lugar, la literatura ha considerado el efecto de las TIC sobre el comercio 

en un contexto donde el valor añadido del producto se genera íntegramente en el país 

exportador. Sin embargo, en la etapa más reciente de globalización se ha enfatizado en 

cómo las CVG están transformando completamente las relaciones económicas (Baldwin, 

2016b). Las TIC contribuyen al control y la monitorización de las empresas subsidiarias 

por parte de la casa matriz, lo que aumenta la fragmentación internacional de la 

producción al afectar a un número mayor de países (Overman y otros, 2003; Antrás y 

Chor, 2013; Gereffi, 2014). Se espera que los efectos de las TIC sobre el comercio 

dependan del tipo de sector y del grado de fragmentación internacional de la producción.  

Se distinguen los dos enfoques que estudian las CVG: en primer lugar, la descomposición 

del valor añadido del comercio (Johnson y Noguera, 2012) asumiendo fragmentación 

internacional de la producción. Tal y como Noguera (2011) muestra, el comercio puede 

ser descompuesto en valor añadido y utilizado en un ámbito de la ecuación de gravedad. 

De acuerdo al objetivo de esta tesis doctoral, las TIC pueden ser incorporadas como 

variable explicativa en este marco con el fin de estudiar sus efectos sobre el comercio en 

términos de valor añadido. En segundo lugar, en base a la estructura de red que presenta 

el comercio propuesta por Chaney (2014), De Benedictis y otros (2014) utilizan análisis 

de redes para crear índices que evalúan la presencia de CVG dentro de un sector 

específico. En este contexto de análisis de redes, puede ser importante identificar el 

número de nodos y los nodos más importantes: las TIC pueden no sólo contribuir a 

incrementar el número de nodos facilitando la entrada de otros países, sino que este efecto 

puede ser diferente por sectores: Tal y como De Benedictis y otros (2014) señalan, la 

estructura de red cambia por sectores y sería importante estudiar la evolución de los 

índices dependiendo de la intensidad de las TIC en cada sector. De hecho, Bernard y 

Moxnes (2018) sostienen que la literatura sobre el comercio y las redes de producción 

presenta un gran potencial de contribución en el momento actual. 

En tercer lugar, las diferencias en renta y niveles de desarrollo han constituido el 

criterio tradicional para distinguir las disparidades en el proceso de difusión de las TIC al 
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analizar el efecto de las TIC en el comercio. No se ha prestado atención a las diferencias 

en el conocimiento productivo entre países, dado que el PIB per cápita sólo explica un 

pequeño porcentaje del capital de conocimiento (Hanushek y otros, 2017). El tema de 

complejidad económica, donde los productos difieren en el grado de conocimiento 

productivo que incorporan (Hausmann e Hidalgo, 2011; Hausmann y otros, 2011), 

emerge como un elemento potencial de cara a desarrollar estudios futuros: los países 

pueden ser desagregados en términos de su grado de complejidad económica. Únicamente 

Wang y Li (2017) introducen el tópico de la complejidad de las exportaciones para 

explicar los efectos de las TIC sobre el comercio, pero en un análisis de sección cruzada. 

Sería relevante de cara a futuros estudios estimar los efectos de las TIC sobre el comercio 

desagregando los países por el grado de complejidad de las exportaciones, teniendo en 

cuenta las diferentes medidas del grado de complejidad mencionadas en Minondo y 

Requena-Silvente (2013). 

En cuarto lugar, es necesario proporcionar evidencia adicional sobre el rol de las 

regiones, una vez se ha demostrado la existencia de una relación positiva entre banda 

ancha y comercio para las regiones europeas en el capítulo 8. Como punto de partida, es 

necesario estudiar los efectos de las TIC sobre el comercio regional desagregando por 

niveles de renta. En el contexto de la Unión Europea, el enganche de las regiones 

rezagadas es fundamental de cara a fijar los objetivos de la Política de Cohesión 

(Comisión Europea, 2017a; Rodríguez-Pose y Ketterer, 2018). Por tanto, resulta 

fundamental distinguir las regiones rezagadas de cara a evaluar los efectos de las TIC 

sobre el comercio para contribuir a la futura reformulación de la Política de Cohesión. 

Consecuentemente, la evidencia empírica de la difusión de las TIC a nivel regional ha 

encontrado desigualdades entre las regiones europeas, confirmando la existencia de una 

brecha digital regional (Vicente y Lopez, 2011). Se espera que este hecho cause diferentes 

efectos de las TIC en el comercio. Una segunda extensión podría considerar la 

clasificación de las regiones de acuerdo al grado de innovación proporcionada por el 

Regional Innovation Scoreboard: Líder, Fuerte, Moderada y Modesta (Comisión 

Europea, 2017b)63. De acuerdo con la literatura existente sobre innovación y comercio, 

se pueden esperar diferentes efectos de las TIC sobre el comercio regional dependiendo 

63  El Regional Innovation Scoreboard busca proporcionar una visión de conjunto sobre los sistemas de 
innovación en 222 regiones pertenecientes a 22 Estados Miembros de la Unión Europea. 
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del grado de innovación: aquellas regiones que inviertan más en innovación verán crecer 

su competitividad más rápido que las regiones que invierten menos en innovación. Cómo 

enganchar a las regiones rezagadas en el comercio puede representar una solución de cara 

a mitigar disparidades regionales en Europa (Comisión Europea, 2017a). 

En quinto lugar, en el capítulo 7 se ha estudiado cómo diferentes tipos de TIC 

impactan en el comercio. Sin embargo, la sociedad de la información está cambiando 

continuamente y más allá de las TIC tradicionales como Internet y los teléfonos móviles, 

TIC emergentes como el Internet de las cosas, el Big Data, la Inteligencia Artificial y el 

Cloud Computing se han incorporado al proceso de difusión de las TIC (UIT, 2017). Estas 

TIC emergentes son básicas para entender cómo está evolucionando la sociedad de la 

información y sus efectos sobre el comercio necesitan ser estudiados. Por tanto, el análisis 

del efecto de las TIC sobre el comercio utilizando únicamente Internet y los teléfonos 

móviles puede llegar a quedar obsoleto y las futuras investigaciones deben incorporar las 

tecnologías emergentes de cara a estudiar los efectos de las TIC sobre el comercio. 

En sexto lugar, esta tesis doctoral se ha enfocado al análisis del comercio de bienes. 

Sin embargo, uno de los hechos más importantes en relación con las TIC, especialmente 

Internet, es la posibilidad para compradores de adquirir bienes online a través de Internet 

(Banco Mundial, 2016). De este modo, los flujos de comercio electrónico están 

registrando una importancia creciente, especialmente a partir del desarrollo de 

plataformas online tales como Amazon o eBay. Leamer y Storper (2001) definen la 

existencia de una geografía económica de la era de Internet, y Hortaçsu y otros (2009) 

extienden este tópico a la existencia de una geografía de las transacciones online. A pesar 

de los avances en Internet, Hortaçsu y otros (2009) demuestran que la distancia resulta 

todavía relevante a la hora de explicar las transacciones de comercio online. Por tanto, 

resulta de interés de cara a futuros estudios la investigación de los flujos de comercio no 

sólo de bienes físicos, sino de transacciones online en línea con diferentes autores (Lendle 

y otros, 2012; Lendle y Vézina, 2015; Kim y otros, 2017). 

Por último, es necesario explorar los efectos de las TIC sobre el comercio teniendo 

en cuenta las complementariedades entre las TIC y la innovación. La investigación 

reciente ha hecho énfasis en la existencia de factores similares a la hora de explicar el rol 

de las TIC y la innovación en la distribución espacial de la actividad económica en la 

Unión Europea (Billón y otros, 2017a; Billon y otros, 2017b; Edquist y Henrekson, 2017). 
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Estas complementariedades necesitan ser exploradas en futuros estudios que evalúen los 

efectos de las TIC sobre el comercio teniendo en cuenta el papel de la innovación. Ambas 

variables, innovación y TIC, pueden aparecer de manera separada o como un término 

diádico en el marco de la ecuación de gravedad. 
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