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Multidimensional Connectivity: Why the 
interplay of international connections 
matters for knowledge transfers 
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Abstract 
Globalization has increased exponentially since the mid-twentieth century with the advent shipping 
containers, digital technologies and air transport. Being well-connected has important implications not 
only for incomes, but the transfer of ideas and growth enhancing technology. This study finds that being 
connected to well-connected countries matters for economic growth, but there is complementarity in 
the various types connections that enhances growth as well. Countries can benefit from: (i) multiple 
types of economic links (such as trade, investment, migration, and modern telecommunications) that 
underpin the movement of technologies and ideas; but also, (ii) the quality of connections in terms of 
knowledge spillovers and the indirect connections made through partners that are well connected. 
These are both aspects of inter-connectedness that have implications for growth and growth spillovers. 

Introduction 
Globalization often means different things to different people. For some, it’s the large number of 
imported goods seen on store shelfs.  To others it’s a social phenomenon that includes everyday 
exposure to wide variety of cultures, peoples, foods, products, and spoken languages.  In major cities 
throughout the world it’s perhaps most apparent, while in smaller towns or villages it may be less so. 
Regardless of where one is physically located, or how they observe globalization, the 
interconnectedness of the world is increasingly touching us either directly by the people we encounter 
or indirectly through the items we purchase or foreign firms that employ us.   

Much of the empirical work done to date has recognized the importance of this openness for economic 
growth, including through trade, foreign direct investment (FDI), the internet (information, 
communications, and technology—ICT), migration, and other forms of connectivity (Dollar (1992), Sachs 
and Warner (1995), Ben-David (1993), and Edwards (1998), Frankel and Romer (1999), Javorcik, 
Smarzynska, 2004).  While there are many nuances to the empirical findings, and questions remain 
regarding causality between outcomes and policies (Rodriguez and Rodrik, 2000), the association 
appears to be strong and intuitively appealing.  Technologies embodied in goods, investments, and 
people, are likely to be transmitted across borders as long as the source and host countries are open 
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and have the capacity to absorb these innovations. In other words, in addition to the gains from 
specialization that openness brings through each layer of connectivity, knowledge spillovers are also 
likely created. This leads not only to one-time increases in output, but also, in the context of 
endogenous growth theory, long-term bumps to economic growth as the cost to acquiring new 
knowledge falls with an increasing stock of knowledge (Helpman, 2004; Romer, 1990).   

To date, economic research has only examined one dimension at a time of partner connectivity and the 
relationship to economic growth. Empirical research is available on the relationship between various 
types of trade and economic growth, FDI and growth, the internet and growth, and migration and 
growth (Alfaro 2004; Borensztein 1998; Mountford 1997; Czernich 2011). But empirical and theoretical 
work has yet to examine how the interplay between these various layers of connectivity complement 
each other. For example, one would imagine that internet connectivity would have various direct 
avenues for influencing economic growth, including providing individuals the ability to quickly research 
products available in foreign countries, take online courses, transact in services remotely, and even 
serve as the backbone to facilitate greater deepening of cross-border global supply chains. E-commerce 
has been greatly enhanced by the availability of broadband internet.  Nonetheless, without transport 
connectivity through roads, rail, shipping, and air transport, the effects of broad-band connectivity as a 
channel to stimulate growth via e-commerce would be greatly diminished.  

More telling regarding the interplay between various forms of connectivity, is the role of migration and 
international travel. While Gould (1994) first identified the relationship between migration and trade 
between the home and host countries of migrants, subsequent research has also identified migration’s 
importance in influencing FDI and its direct influence on growth through knowledge transfers (Onodera 
2008).  Consequently, migration may not only be important for growth by directly transferring 
knowledge between the host and home countries, but also through its impact on facilitating knowledge 
embodied in trade and FDI flows by bridging market information gaps. 

A fundamental prerequisite for the identifying the complementarity between various forms of 
connectivity is the ability to identify the specific country links in the connectivity chain. For example, to 
identify the complementarity between migration and trade in enhancing economic growth, it is critical 
to match migration and trade flows between country partners. Knowing overall trade and migration 
flows for a country is not sufficient to identify that trade from specific countries is facilitated by 
migration from those same countries.   

Mapping these direct connections between countries also brings to light the potential importance 
indirect connections. While two similar countries may have the same number and size of connections, 
they may be connected to very different countries.  One would imagine, however, that being connected 
to “well-connected” countries may provide greater opportunities for knowledge transfers from partners 
of partner countries (Duernecker, Meyer, and Vega-Redondo, 2014). For example, a dollar of trade 
between Algeria and Germany may provide greater knowledge spillovers than a dollar of trade between 
Algeria and Morocco, because Germany is much more connected to the global economy and is likely to 
be a conduit for technology and knowledge from other countries its connected to.  

The importance of direct and indirect connections between countries, as well as the complementarity 
between various types of connections for knowledge transfers and economic growth, lends itself to use 
of multilayer network analysis.  Network analysis is simply a tool to study the direct and indirect 
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connections between countries and multilayer networks describe the interactions between various 
types of connections (layers) in a larger network.       

This study finds that being connected to well-connected countries matters for economic growth, but 
there is complementarity in the various types connections that enhances growth as well. Countries can 
benefit from: (i) multiple types of economic links (such as trade, investment, migration, and modern 
telecommunications) that underpin the movement of technologies and ideas; but also, (ii) the quality of 
connections in terms of knowledge spillovers and the indirect connections made through partners that 
are well connected. These are both aspects of inter-connectedness that have implications for growth 
and growth spillovers.                                   

 

Empirical Strategy and Results 
The empirical strategy we use for understanding how a country’s international connections, and the 
interplay of these connections, influences economic growth is three-fold.  First, we develop a network 
analysis measure of how each country’s connections can be ranked, by type of connection. The measure 
of network centrality for each type of country connection (for example, trade) is based on Google’s 
PageRank algorithm (Page, 1999) that puts a higher ranking on countries that have a larger number of 
connections to well-connected countries as well as connections to countries with a high “intrinsic 
value.”  Intrinsic value in our context is based on being connected to a country with a high propensity to 
generate and disseminate knowledge. We proxy this intrinsic value by the size of the country’s 
population and GDP per capita.   

Second, we estimate a standard cross-country long-run growth model with network centrality measures 
for each type of connection we evaluate (trade, FDI, migration, and ICT). Similar to Duernecker, Meyer, 
and Vega-Redondo (2014), who did earlier network analysis using modified trade Eigenvalue 
Centrality and its relationship to economic growth, we expand the analysis to other measures 
of connectivity. We compare our four individual network centrality results with standard measures of 
openness (for example, overall trade to GDP) to determine whether network centrality measures are 
any better at describing long-run growth than the standard, not-network, measures. 

Finally, we develop a multidimensional network centrality measure that combines all the four separate 
types of connections into a single network measure, which takes into consideration the complementary 
of the various forms of connectivity, as described above in the introduction.  

 

Network centrality for each type of connection 

One of the most popular network centrality measures is Google’s PageRank. The algorithm was initially 
developed to rank websites in terms of their “importance” and “relevance” to a search query. Network 
analysis was a natural starting point for this problem because websites with more hyperlinks pointing at 
them were thought of as being of higher quality. In addition to the number of the incoming links, having 
more links from higher quality websites is yet another indicator of website quality. The innovation by 
Page (1999) consisted in modifying the popular network Eigenvalue Centrality measure so that the 
centrality value of a website was proportional to the probability that a person clicking randomly on 
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hyperlinks would land on that page. Or more precisely, the PageRank value reflects the share of visits to 
the website by a random web-surfer over some period of time.  

In this paper we modify the PageRank algorithm so that the centrality value Θ𝑖𝑖  reflects the probability 
that an innovation will be transmitted to country 𝑖𝑖 : 

Θ𝑖𝑖 = 𝜆𝜆�𝐴𝐴𝑘𝑘𝑖𝑖
𝑘𝑘

Θ𝑘𝑘 + (𝑦𝑦𝑖𝑖 ∗ 𝑃𝑃𝑖𝑖) 

The value 𝐴𝐴𝑘𝑘𝑖𝑖 is a function of the links between countries 𝑘𝑘 and 𝑖𝑖 and 𝜆𝜆 is an exogenous parameter 
which captures the weight of decay placed on connections (set to 0.85, which is standard for most 
network analyses) and 𝑦𝑦𝑖𝑖  is GDP per capita and 𝑃𝑃𝑖𝑖 is the population (or, together, aggregate GDP). The 
role of the term (𝑦𝑦𝑖𝑖 ∗ 𝑃𝑃𝑖𝑖)  in this equation is as a proxy for the intrinsic probability of a country to 
disseminate and innovate knowledge organically (that is, not through its connections), which is proxied 
by population and the level of income, GDP per capita. In the original search engine applications of 
PageRank this value captured the likelihood that the random surfer can type the URL of the website 
without relying on hyperlinks to get to it. For example, even a completely isolated country has some 
positive probability to innovate and grow based on its domestic resources only.  

This particular choice of proxy for the intrinsic (internal) likelihood to innovate is based on two simple 
considerations. First, the greater the number of people in a country, the greater the knowledge (or new 
ideas) that could potentially be generated. Second, we assume that people in countries that are 
wealthier are closer to the technological frontier (higher GDP per capita) and have a higher probability 
of producing new knowledge.  

If a country doesn’t produce the knowledge intrinsically, it can learn from others through its 
connections. This mechanism is captured by the term: 𝜆𝜆∑ 𝐴𝐴𝑘𝑘𝑖𝑖𝑘𝑘 Θ𝑘𝑘. Thus, the probability that an 
economy has the knowledge to innovate is a sum of the likelihood of its intrinsic innovation (proxied by 
GDP) and a weighted average of the connectivity of its partners where the weights (𝐴𝐴) are a function of 
the connections. These weights reflect the strength of the informational link and ultimately the 
probability of successful transmission of ideas. 

𝐴𝐴𝑘𝑘𝑖𝑖 takes on the following set of values: 

𝐴𝐴𝑘𝑘𝑖𝑖 = �
𝑇𝑇𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇 𝑘𝑘𝑖𝑖
𝐺𝐺𝑇𝑇𝑃𝑃𝑘𝑘

;  
𝐹𝐹𝑇𝑇𝐹𝐹 𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑘𝑘𝑖𝑖

𝐺𝐺𝑇𝑇𝑃𝑃𝑘𝑘
;
𝑀𝑀𝐹𝐹𝐺𝐺𝑇𝑇𝐴𝐴𝑇𝑇𝐹𝐹𝑆𝑆𝐴𝐴 𝑆𝑆𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑘𝑘𝑖𝑖

𝑃𝑃𝑆𝑆𝑃𝑃𝑘𝑘
;
𝐹𝐹𝑆𝑆𝑇𝑇 𝐹𝐹𝐹𝐹𝑆𝑆𝐹𝐹𝑘𝑘𝑖𝑖

𝑃𝑃𝑆𝑆𝑃𝑃𝑘𝑘
� 

 

Each connection (Total bilateral trade, total FDI stocks, bilateral migration stocks and ICT) is divided by a 
proxy for the size of the country (GDP or population). In the original PageRank algorithm this feature is 
introduced by dividing by the total number of outgoing links of the partners. Therefore, the probability 
of getting from website A to website B by a random web surfer decreases as the number of outgoing 
links in A increases (there are more sites the surfer can land). 

Similar adjustments are necessary when one considers information flows between countries along the 
various networks. For example, conditional on an innovation being present in country A, the probability 
that a single migrant from A to B will carry this idea decreases with size of the population of A. Although 
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large countries are more likely to generate ideas domestically they need greater flows and deeper links 
in order to transmit those ideas to their partners.  

As an example, trade network connectivity results for 2000 and 2014 are displayed in Fig. 1a and 1b. The 
size of each node/country is proportional to the value of its informational centrality in the network. In 
this paper, we argue that this measure is a good proxy for the probability of growth-relevant knowledge 
generation by each country (either through learning from its trade connections or developing 
knowledge domestically). 

Fig. 1a. Trade network connectivity in 2000. The size of each circle represents the modified PageRank 
value estimated by using the total bilateral manufacturing trade divided by the GDP of each country.  
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Fig 1b. Trade network connectivity in 2014. The size of each circle represents the modified PageRank 
value estimated by using the total bilateral manufacturing trade divided by the GDP of each country. 

 
 

 

 

 

 

Network Centrality Measures and Growth 

In this section, we estimate a standard cross-country long-run growth model with network centrality 
measures for each type of connection we evaluate (trade, FDI, migration, and ICT).  We compare these 
individual network centrality results with standard measures of openness (for example, overall trade to 
GDP) to determine whether network centrality measures are any better at describing long-run growth 
than the standard, not-network, measures. 

We utilize the standard base log-linear growth equation controlling for initial levels of GDP per capita, 
education, governance, government size and inflation. Before we include the network connectivity 
measures in the growth equation we scale the value by population to account for the fact that larger, 
more populated, countries are expected to depend less on being connected to the rest of the world for 
innovations and growth than smaller countries, which, due to their size, naturally rely on more on 
connectivity (i.e., Singapore vs. China). This has the effect of transforming connectivity into per capita 
terms. Finally, because the network connectivity measure includes the country’s own level of GDP per 
capita as well as GDP per capita of partner countries, we subtract the country’s own level of GDP per 
capita from the connectivity measure because it is already included as an explanatory variable in the 
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base growth model. This, in effect, eliminates double counting given that the network centrality 
measure is incorporated into a growth equation that already includes initial GDP per capita. The intrinsic 
value of partner countries’ GDP per capita is still included in the network connectivity measure.  

First we examine the growth effects of connectivity along each network layer separately (trade, FDI, 
migration and ICT) as well as two of the traditional integration measures (Trade Openness and the share 
of FDI in GDP). Table 1 summarizes the results.  

 

Table 1. Network effects on income growth 

The dependent variable in each model is the annualized income growth (%) between 2000-2016. All right-hand-side variables are transformed in logs and 
we take the first available observation for the growth period. There are 86 countries for which we are able to estimate each version of the model. 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

GDP per capita-t0 -1.02 -1.35*** -1.57** -1.6** -2.28* -1.60** -1.37** -1.42* -1.60** -1.50* 
Years of schooling- t0 2.55* 3.14** 3.72*** 2.92** 3.87*** 3.66*** 3.67*** 3.35** 4.06** 3.49** 
Government size- t0 1.11 0.81 1.02 0.8 1.67 -0.55* -1.14 -0.64 -1.57 1.21 
Inflation- t0 1.08 0.76 0.74 0.94 1.03 0.9 1.08 -0.09 -0.93 0.96 

Governance- t0 2.71 1.46 1.09 2.4 3.27 0.86 0.49 1.97 -0.7 1.83 

Other Integration Measures                     

Trade Openness- t0  0.67         
Share of FDI stocks in GDP- t0   0.53        
Share of Migration per capita- t0    9.45       
Total ICT per capita- t0     8.4      
Network Effects (PageRank)                     

Trade Connectivity per capita- t0      3.61**    -1.42 
Migration Connectivity per capita- t0      4.91**   1.44 
FDI Connectivity per capita- t0        2.65**  3.35 

ICT Connectivity per capita- t0                 4.78* 0.23 

Adj-R2 0.16 0.17 0.17 0.18 0.17 0.20 0.19 0.20 0.19 0.21 
 

Note: All coefficients are estimated with ordinary least squares regression. ***,**,* represent significance levels at 99%, 95% and 90% 
respectively.  

 

Every connectivity measure manages to increase the explanatory power of the standard growth 
equation. Deeper integration along each individual dimension is associated with stronger per capita GDP 
growth over the subsequent 16-year period. We find that the traditional measures of openness (such as 
trade to GDP) are not robustly associated with long-term growth, while the statistical significance of the 
all the network-based connectivity measures are individually statistically robust.  As shown in column 
10, there is likely a high degree of multicollinearity between the network connectivity measures, 
however, suggesting similar information imbedded in each measure. When the network-based 
connectivity measures are included together (column 10), none reach the 10 percent statistical 
significance level, although the explanatory power of the model improves slightly.      

As a means to address reverse causality between connectivity and growth and other endogeneity issues, 
we calculated the right-hand side variables by taking the earliest observation available in the data at the 
start of the growth period. This of course doesn’t correct all potential endogeneity problems, but it is 
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indicative of a lack of reverse causality. For a deeper treatment of endogenous relationships in economic 
growth we refer the reader to the rich literature (see, Rodriquez and Rodrik, 2000; Helpman, 2008; Beck, 
2008; and Panizza, 2013). 

 

Multidimensional Connectivity: Interplay of network connections and growth 

In this section we develop a unique method for combining each individual network layer (trade, FDI, 
migration and ICT) into a single multidimensional measure of connectivity to address the 
complementarity between network connectivity measures and their relationship to growth. One 
possible way to do this is to aggregate the four separate PageRank values calculated earlier in an ad hoc 
way (for example, taking simple averages of the network centrality measures). However, this is likely to 
result in a loss of important information and would not account for the interaction of various network 
layers and their effect on economic growth. For example, vastly different bilateral connectivity patterns 
in the four dimensions can result in similar centrality values. Consider the following two examples of 
network connectivity and the modified PageRank of county A: 

A 

B C C 

A 

B 

D D 
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In the left and right panels, country A has the same centrality using simple averages of modified 
PageRank centrality across three types of networks, represented by the three types of arrows (line, dash 
and dot) and assuming that the four countries have the same intrinsic value (GDP). It is clear however, 
that the patterns of connections and the overall network for country A is vastly different between the 
two cases.  

It is easy to show that using aggregation at the country level, the modified PageRank produces a higher 
centrality for country A in the case on the right compared to the one on the left. Taking this 
considerations into account, we use the following measure for multidimensional connectivity for the 
countries in the sample: 

 

Θ𝑖𝑖
µ = 𝜆𝜆�𝐹𝐹𝑘𝑘𝑖𝑖

𝑘𝑘

Θ𝑘𝑘
µ + (𝑦𝑦𝑖𝑖 ∗ 𝑃𝑃𝑖𝑖) 

where 𝐹𝐹𝑘𝑘𝑖𝑖 is the “total” strength of the combined information channel, which is a function of the 
individual flows. The four networks are collapsed into one network where each bilateral link is a function 
of the each of the layers as shown in Figure 2 below: 

Figure 2: Multidimensional Connectivity (MDC) Network 

   

The choice of the aggregation function 𝐹𝐹𝑘𝑘𝑖𝑖 will depend on the researcher’s beliefs about the nature of 
information flows. We assume that the combined informational flows are described by the following 
function: 
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𝐹𝐹𝑘𝑘𝑖𝑖 = 𝑥𝑥𝑘𝑘𝑖𝑖𝛼𝛼 𝑓𝑓𝑘𝑘𝑖𝑖
𝛽𝛽𝑚𝑚𝑘𝑘𝑖𝑖

𝛾𝛾 𝑖𝑖𝑘𝑘𝑖𝑖𝛿𝛿  

This Cobb-Douglas functional form has several desirable features which have been well documented in 
other economic contexts. First, it imposes decreasing returns to scale (𝛼𝛼 + 𝛽𝛽 + 𝛾𝛾 + 𝛿𝛿 < 1), that is, 
having a large amount of one type of connection provides the country we decreasing informational 
returns. After some initial (low) threshold, an increase in connectivity will have less than one-to-one 
increase in informational exchange. Second, this functional form allows imperfect substitutability of the 
channels in terms of transmitting growth-relevant information.  A balanced increase in connectivity 
along each dimensions would have a stronger impact on the bilateral informational link than a rapid 
increase in the connectivity along one layer only. It is very likely that these different channels 
complement each other in terms of the information they transmit. For example, a foreign investor is 
likely to be more successful in transferring know-how in the host country if there already are deep links 
in migration and trade which can complement the information flows embedded in FDI. 

Furthermore, the exponents on each of the network layers can be interpreted as the 
efficiency/importance of each channel in transmitting information that facilitates long term income 
growth.  
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Table 2. Multidimensional Connectivity 
The dependent variable in each model is the annualized income growth (%) between 2000-2016. All right-hand-side variables 
are transformed in logs and we take the first available observation for the growth period. There are 86 countries for which we 
are able to estimate the model. The coefficients on the right hand side variables are estimated with OLS and the stars indicate 
significance levels. In column (1) the exponent parameters α, β, γ and δ are estimated using maximum likelihood method where 
the objective function is the goodness of fit measure (adjusted R-squared). We don’t calculate significance values for them. In 
column (2) a benchmark is shown with equally weighted values that sum to one.  

  (1) (2) 
GDP per capita-t0 -0.02 0.08 
Years of schooling-t0 3.75*** 3.9*** 
Government size-t0 -1.01 -1.13 
Inflation-t0 -0.15 -0.25 
Governance-t0 -3.5 -3.5 
Network Effects     
Multidimensional Connectivity-t0 3.87*** 4.08** 

   
Trade Channel Efficiency (α) 0.67 0.25 
FDI Channel Efficiency (β) 0.244 0.25 
Migration Channel Efficiency (γ) 0.09 0.25 
ICT Channel Efficiency (δ) 0 0.25 

   

Constraint 
 

  

 

  
      
Adj-R2 0.35 0.31 

Note: ***,**,* represent significance levels at 99%, 95% and 90% respectively in an OLS regression. The values of the exponent parameters 
α,β,γ and δ were estimated using the maximum likelihood procedure where the objective function was to maximize the goodness of fit 
measure (adjusted R-squared) 

 

Table 2 summarizes the growth effects of overall connectivity. The multidimensional centrality measures 
increase the explanatory power of the growth equation significantly compared to both the base model 
and the single dimensional connectivity measures. In fact, the gain in these results suggest that the 
overall connectivity profile of the country (one that combines all four network layers) is more important 
than each of the individual layers separately. Moreover, in the combined network, trade has the highest 
importance, followed by FDI, and then migration.  ICT does not add additional information above these 
three connectivity channels. A benchmark model is estimated, with equally weighted connectivity 
channels (column 2), but, as shown, results in a lower fit than the values chosen by the maximum 
likelihood estimation. Nonetheless, it is still a better fit than the combined individual network measures 
shown in Table 1, column 10.   

We find that the most efficient channel is the trade channel followed by FDI and migration. ICT in this 
specification does not appear to add any additional growth enhancing knowledge transfers.  
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Fig 3a and 3b illustrate the multidimensional connectivity measure for each country in the beginning and 
end of the growth period based on the coefficients for α, β, γ and δ estimated in model (1) from table 2.  

 

Fig 3a. Multidimensional connectivity measures based on initial values for the growth period 2000-
2016. The size of the circle is proportional to the modified PageRank centrality measure of each 
country. The parameters α, β, γ and δ take on the values of 0.67, 0.24, 0.09 and 0 based on the 
estimates in table 2. 
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Fig 3b. Multidimensional connectivity measures based on end values for the growth period 2000-
2016. The size of the circle is proportional to the modified PageRank centrality measure of each 
country. The parameters α, β, γ and δ take on the values of 0.67, 0.24, 0.09 and 0 based on the 
estimates in table 2. 

 
 

 

Conclusion 
While it has been well documented that globalization has long-term growth benefits through the 
technology and knowledge transferred via international connections, this is the first study that has 
examined how the connections of the connections of partner countries matter for growth and how 
various types of connections interact with each other to influence economic growth. Economic 
interactions, aside from their direct benefits, also have indirect effects that could have lasting influence. 
Trade, migration, FDI and ICT facilitate the flow of ideas and innovation across borders. Each of these 
channels individually appears to be an important source of economic growth by facilitating the 
transmission of knowledge. Moreover, multidimensional connectivity is more important for growth than 
any individual type of connectivity by itself.  The whole of the network is greater than the sum of the 
parts. Although there certainly is some level substitutability between the various layers, when it comes 
to information flows, complementary dominates. In fact, the empirical results presented in this study 
suggests that there might be a high degree of complementarity of the information flows that contribute 
to growth. Therefore, policies to promote balanced connectivity in many dimensions – one that focuses 
on trade, migration and FDI – is more beneficial than focusing on a policy to enhance only one.  Indeed, 
reducing connectivity in one dimension may have adverse impacts on growth derived from other 
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dimensions. Proposals to reduce migrations flows, for example, may have adverse consequences for the 
growth enhancing benefits of trade and FDI flows.   
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Appendix – Data 
Long Term Growth Determinants 
Table A.1 Growth Determinants 
Indicator Name Description Coverage 

Initial GDP per capita 

The logarithm of the initial value of GDP per 
capita for the growth period in question 
(2000-2016). Source: World Bank World 
Development Indicators (WDI). 

2000-
2016 

Governance 

Index of the quality of governance which 
takes into account corruption, the rule of law 
and the quality of institutions. Source: WDI. 

2000-
2016 

Inflation Measure of CPI change. Source: WDI. 2000-
2016 

Government Size Total government expenditure as a share of 
GDP. Source: WDI. 

2000-
2016 

Years of Schooling The average number of years of schooling. 
Source: Barro-Lee (www.barrolee.com).    

 

 

Network Data 
Table A.2 Network Data 
Indicator Name Description Coverage 

FDI  Total bilateral FDI stocks. Source: UNCTAD 2002-
2013 

Trade 

 
Bilateral total trade flows for manufacturing 
goods. Source: UNCTAD 

2000-
2015 

Migration Total migration stocks. Source: Individual 
Countries’ Census Data. 

2000 and 
2010 

ICT 

Proxy for ICT flows. Estimated by combining 
bilateral duration of phone conversations and 
the bandwidth capacity between countries. 
Source: Derived from TeleGeography data. 

2003-
2011 
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