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Introduction 

This chapter outlines a set of methods and visualization strategies to explore, describe and synthetize 

migratory processes from a network standpoint. The study of international migration is a natural field 

of application for Social Network Analysis (SNA). In fact, the set of interpersonal ties that connect 

migrants in origin and destination areas generate a network where each node indicates a place, and 

one edge connecting two nodes registers the number of people moving from one place to another. 

 

My starting point - that motivates the use of network analysis - is analogous to the one of recent 

literature on gravity models of international migration (see Beine et al., 2015, for a comprehensive 

review of this approach), especially the one that gives relevance not only to the bilateral costs of 

moving from one country to the other, the so called bilateral resistance to migration (i.e. the one 

exclusively related to the characteristics of country i and country j involved in the migration flow), but 

also and primarily to the implicit cost of potential alternative destinations, the so called multilateral 

resistance to migration (Bertoli and Moraga, 2013). The reason why the attractiveness of other 

destinations represents a source of concern for the literature on migration can be intuitively explained 

by extending the thought experiment proposed by Krugman (1995) to the case of migration: if we 

imagine moving two European countries to Mars while keeping their characteristics unchanged, the 

migration flows between them would definitely increase, as a result of the reduction in the accessibility 

of alternative destinations. The study of the network dimension in which a migration flow is embedded 

is therefore crucial to understand how migrants sort themselves.  

 

The interdependence of migration flows, generalized in this paper through the use of SNA, has a 

number of practical implications for understanding migration decisions and outcomes. First, it helps 

to explain the role played by transnational relations in the formation of the prospective immigrant’s 

set of information and preferences. As a matter of facts, diasporas have long been shown to alter the 

context within which migration decisions are made: by providing information about opportunities in 

a location, and a source of help and support in the host society, they may encourage relocation 

decisions even when wage differential or recruitment policies cease to exist (Mytna Kurekova, 2010). 

In addition to this, recent literature suggests that these “diaspora externalities” (Rapoport, 2016) 

contribute to bilateral migration flows, much in the way they appear to contribute to bilateral trade 

(Pedersen et al., 2008; Mayda, 2010). The reason is that migrant communities create international 

business and social relations that bridges information between countries, facilitating cross-border 
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transactions and promoting the consumption of foreign goods (Rauch, 2001; Wagner et al., 2002).2 

Second, the issue of interdependence sheds light on the negative externalities that may arise in the 

International Migration Network (IMN), as a result of the alteration determined by migratory 

processes in the composition of the host society. In fact, an increase in the size of a migrant flow at 

destination can have significant consequences for other migrant communities in that place: e.g., a 

growing competition for foreign workers in the local labor market (Borjas, 1987a), or a generalized 

increase of discrimination and prejudicial attitudes in the native population, who can perceive the 

inflows of new migrants as undermining their cultural, economic and social institutions (Card et al. 

2012). As a result, a change in one flow may determine a reallocation of migrants along other routes. 

Third, the degree of interdependence between IMN flows affects the responsiveness of prospective 

migrants to policies coordinated at a supranational level. This is the case of the visa waiver granted in 

2001 by the European Council (EC), where the effect of the migration policy change in one country 

was mitigated by the simultaneous change implemented by the other members of the EC (Bertoli and 

Moraga, 2013): i.e. the force of attractiveness of one country would have been stronger if no other 

policy change occurred.  

 

The analysis of the dataset by Abel and Sander (2014)3, which was derived from the Global Migration 

Tables published by the United Nations, will walk the reader through the discussion, and it will provide 

the fundamentals to approach international migration as a global network. Following the lesson of the 

literature on gravity models, the focus will be put on the role of interdependence in its interplay with 

the most important time-invariant bilateral components of migration costs, namely geographical 

distance, differences in economic conditions, colonial links, and linguistic proximity. My approach, 

however, is distinct from the one of gravity models on several grounds. First, the gravity approach is 

interested in identifying ex-post the determinants of bilateral migration flows, while here the emphasis 

is on the description and quantification of the topological properties of the IMN, and on the 

exploration of the multiple level of interdependence generating of such network. Second, the way the 

gravity approach deals with the issue of multilateral resistance is through the operational assumption 

                                                 
2 Consequently, it is not surprising that the complex web of corridors generated by the movements of people and goods 

are strongly correlated with each other (Fagiolo and Mastrorillo, 2014). As a matter of facts, they represent two layers of 

a network registering cross-country interaction channels. 

3 Available at http://science.sciencemag.org/content/suppl/2014/03/27/343.6178.1520.DC1 
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that interdependence is limited to the structure of error term in a linear longitudinal model (Pesaran, 

2006; Pesaran and Tosetti, 2011). Graham (2015), using a statistical approach related to this model, 

demonstrates that this assumption does a reasonably good job in explaining the structure of 

interdependence in cross-sectional data,4 but a more complex procedure is required when dealing with 

longitudinal observations. By contrast, I undertake a descriptive approach to explore how cultural, 

economic and geographical proximity may shape multiple structures of interdependence over time. 

Third, the role of geography on migration flows is captured by the (log)linear effect of distance in the 

gravity model, implicitly assuming that the friction of distance has an unvarying effect across spatial 

units; while I focus on the role of geography, in its interplay with dyadic interdependence, using the 

procedure developed in Abbate et al. (2012): generating from the (weighted) adjacency matrix of 

migrations flows a series of ten sub-matrices corresponding to the ten deciles of the distribution of 

bilateral distance between countries. Observing, for every five-year period included in the Abel and 

Sander (2014) database, the different topological properties of the ten different subnetworks, from 

the one of very short distance migration (in the first decile) from very long-distance migration (in the 

eighth, ninth and tenth decile), I am able to describe with a substantial degree of precision the role of 

geography in the network structure of migration flows. Moreover, by filtering the different push and 

pull factors of migration movements at different distances, I can uncover important insights regarding 

the interactions of migration with the social and economic sectors. 

 

It is worth emphasizing that the concepts and methods provided in this chapter focus on the role 

played by countries in the IMN. However, a number of studies have been already dedicated to 

investigating the structural and statistical properties of the IMN as a whole. This strand of research 

has consistently shown that the IMN architecture can be described by a hierarchical structure (Fagiolo 

and Mastrorillo, 2013, Tranos et al. 2015), where the largest part of international migration is directed 

towards few countries (hubs) offering better labor market conditions. The persistent difference in 

salary structures with these countries, and the presence of diasporas, maintained the IMN architecture 

quite stable throughout the years. Most of the changes in migration patterns affected the intensive 

margin of the network rather than the extensive one (Fagiolo and Mastrorillo 2013; Peres et al. 2016). 

Perhaps unsurprisingly, new human corridors often originated in developing countries (Davis et al. 

2013; Peres et al. 2016). Complementing with existing literature, Davis et al. (2013), Fagiolo and 

                                                 
4 The reader interested in the application of this method to gravity models can refer to Charbonneau (2014). 
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Mastrorillo (2014) and Peres et al. (2016) found also that proximity, linguistic and religious factors, 

and a common colonial history are fundamental drivers of the process underlying the formation of 

the IMN. Consistent with these findings, the results of my inquiry will show that the IMN is 

characterized by a strongly persistent hierarchical architecture, similar to the one reproduced in figure 

1, regardless the spatial granularity of the data. Few countries, both at the local and at the global level, 

control the whole connectivity of the network, with a prevalence of star-like structures. Their force of 

attractiveness, conditional on distance, is directed to countries with same colonial heritage (i.e. cultural 

homophily) and, contrary to what Abbate et al. (2012) find for the World Trade Network, different in 

terms of GDP (i.e. economic disassortativity). The persistence of this topological structure over time 

is consistent with a well-established finding in literature (see e.g., Pedersen et al. 2008; Fagiolo and 

Santoni 2015; Munshi 2016), and it provides additional evidence for the existence of “diaspora 

externalities” reinforcing the processes on the intensive margin of the IMN: i.e., an increase in the size 

of a migrant network at destination enhances the attractiveness of that place. 

 

Three are the contributions of this chapter. First, it acquaints the reader in a self-contained manner of 

a number of analytical tools provided by SNA that are particularly suited to explore the externalities 

generated by the interconnected nature of migration flows. Second, it provides an empirical 

framework to confirm and further extend our knowledge of the factors determining a decision to 

move from one place (push factors) to another (pull factors). Third, it shows how the level of 

embeddedness of one country in the IMN represents a powerful source of information on local 

processes of migrants’ sorting and self-selection. 

 

The remainder of this chapter is organized as following. Section 2 presents a number of methods and 

visual representations to analyze migration flow data employing a network viewpoint. In section 3 is 

reported an extensive inquiry of the IMN at different geographical, institutional and economic levels, 

with a particular emphasis on how the network topology is changing in time and space. The results 

and implications of this investigation are discussed in the last and conclusive section of this chapter. 
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Data and Methodology 

In spite of the early works on national and international migration by Ravenstein (1885, 1889) and 

Zipf (1946), the empirical research on the movement of people at the bilateral level, using dyadic data, 

has been severely limited by the lack of data availability. However, in the last ten years, new data sets 

have been developed by scholars to assess the magnitude of some specific phenomena, such as skilled 

and female migration (Dumont and Lemaître, 2005; Docquier and Rapoport, 2012; Artuç et al., 2015). 

More recently, also international institutions, such as the World Bank, through the Bilateral Migration 

Matrix (Özden et al., 2011), or the United Nations, with the Global Migration database (UNDESA, 

2013), began to provide new data on migration available to researchers.  

 

Among the possible alternatives, I select the dataset by Abel and Sander (2014), which was derived 

from the Global Migration Tables published by the United Nations, and it provides a comparable set 

of global migration flows between 196 countries. Even though this data lack of information on 

important dimensions of international migration (e.g., education and gender), the country coverage 

(196 countries) and the considerable temporal dimension (four waves of data: 1990-1995, 1995-2000, 

2000-2005, 2005-2010) suit well the requirements of temporal network analysis (i.e. the panel is 

balanced, and the boundaries of the network cover the large majority of world countries). However, 

it should be noted that the analysis will be focused only on 167 countries, namely those for which 

were available other data sources that will be introduced at the end of this section. 

 

Social Network Metrics 

The bilateral data provided by Abel and Sander (2014) are used to create four networks corresponding 

to four instances of the IMN, one for each wave considered: 1990-1995, 1995-2000, 2000-2005, 2005-

2010. In each network, one node represents a country, and one edge connecting two nodes registers 

the number of people moving from one place to another.  

 

SNA provides a number of metrics to quantify the level of embeddedness of one country in each 

instance of the IMN (see Jackson (2010) for an introduction and detailed description). These measures 

rely on the idea that phenomena like visibility, involvement and power are inherently relational, and 

they can be investigated looking at country’s centrality in the space described by the network. In this 

chapter, I consider four among the most commonly used measures of centrality, in order to 

endogenously rank country’s position in the IMN according to its relations inside and outside its 
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geographical region, and draw useful information on its role in the IMN. The first measure considered 

is referred to as indegree, and it counts the number of incoming flows of one country. Tranos et al. 

(2015) suggests using this measure as an indication of a country’s cosmopolitan character, since it 

documents the number of foreign communities that moved from their countries to one destination. 

The second measure is specular to the first, and it is called outdegree. It counts the number of 

outcoming flows of one country, and it can be interpreted as a measure of population mobility. The 

third metric considered is betweenness centrality, and it assesses how crucial is the presence of one 

country for brokering human movements between different countries in the IMN, assigning higher 

score to nodes playing the role of hub in the network. Intuitively, it can be interpreted as a measure 

of the migratory pressure faced by one country because of its direct and indirect connections within 

the IMN. Finally, the fourth metric is local clustering coefficient, which measures the extent to which 

the countries connected to country i are also connected with each other. Consequently, it can be 

interpreted as the degree of similarity in the composition of the migrant population in country i and 

its connected neighbors. 

 

These metrics can be formalized in the following way. Let 𝑁 = {1,2, … , 𝑛} be the set of countries 

(nodes) in the IMN. For two nodes 𝑖, 𝑗 ∈ 𝑁, define 𝑔 (𝑖, 𝑗) as the relation (link) between them at time 

t, where the function 𝑔 counts the number of migrants moving from i to j at a given time. The 

collection of nodes (𝑁) and links between them, registered in the IMN at time t, represents the 

network 𝐺 . Now, let 𝑁 →(𝐺) be the set of links for which 𝑔 (𝑖, 𝑗) > 0, and 𝑁→ (𝐺) be the set of 

links for which 𝑔 (𝑗, 𝑖) > 0. The number of links in 𝑁→ (𝐺) and 𝑁 →(𝐺) is referred to as respectively 

the outdegree and the indegree of node i in network 𝐺, and the sum of out and indegree is defined 

generically as degree. Moreover, say that it exists a path from i to j either if 𝑔 (𝑖, 𝑗) + 𝑔 (𝑗, 𝑖) > 0, or it 

exists a set of intermediate nodes 𝑗 , 𝑗 , … , 𝑗  such that {𝑔 (𝑖, 𝑗 ), … , 𝑔 (𝑖, 𝑗 )} > 0. The shortest 

combination of links connecting i to j is referred to as shortest path. The fraction of shortest paths in 𝐺 

passing through node i is defined the betweenness centrality of node i in network 𝐺. Finally, define as 

triplet a combination of three links, e.g. 𝑔 (𝑖, 𝑗), 𝑔 (𝑗, 𝑘), 𝑔 (𝑘, 𝑖), and say that a triplet is closed if 

{𝑔 (𝑖, 𝑗), 𝑔 (𝑗, 𝑘), 𝑔 (𝑘, 𝑖)} > 0,  and that a triplet is open if one of the links considered is equal to 

zero. Now, consider the set of triplets in which i is embedded: the fraction of closed triplets over the 

total number of triplets in this set is referred to as the local clustering coefficient of i. 
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The study of the distribution and correlations between centrality measures will be used to single out 

the role of countries in the IMN, and characterize higher-order moments of the distribution of 

migration flows: e.g., the likelihood that strongly connected nodes are linked to weakly connected 

nodes (disassortativity), or the likelihood that countries sharing the same migration pressure also share 

the same composition of foreign citizens. It is worth emphasizing that this exercise may also provide 

a better understanding of the negative externalities resulting from the propagation of a shock: e.g., the 

likelihood that a restrictive immigration policy adopted by a congested hub of the network, will shift 

the preferences of prospective migrants towards countries playing the same role in the IMN, and 

facing a similar migratory pressure. 

 

Data description and visualization 

The four networks derived by Abel and Sander (2014) are summarized in table 1. The table shows an 

increase of almost 20% in the number of people leaving their country during the time interval 

considered, but no significant changes in the set of countries involved in the IMN (both as senders 

and receivers), and in the number of human corridors connecting them, supporting the hypothesis 

that the transformation of the IMN occurred mostly on its intensive margin. The stability of the IMN 

structure is also confirmed by the fact that the number of flows involving the largest portions of 

emigration (e.g., top 1 and 10% flows) remained almost constant over the years. Note, however, that 

the set of countries sending the largest number of migrants (e.g., those making up 50% or 90% of 

total emigration) reduced over time, hinting to a concentration of human movements in few major 

origin areas. On the contrary, the number of top destinations (e.g., those receiving 50% or 90% of 

total migration) has constantly grown, probably motivated by the raising attractiveness of new 

emerging economies (e.g. the four Asian tigers or the BRICs). 

 

A snapshot of the complex and dynamic nature of this network is given by figure 2, where migration 

flows in four different waves (1990-1995, 1995-2000, 2000-2005, 2005-2010) are represented. In this 

plot, the position and the color of each country is associated to the continent it belongs to (i.e. blue 

hues represent African countries, green hues represent American countries, red hues represent Asian 

countries, magenta hues represent European countries, cyan hues represent Oceania). The length of 

the curvilinear external colored bands associated to each country ISO3 code represents the total 

number of migrants, in 100k units, leaving (colored part, internal band) or entering (white part, internal 
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band) the country. The thickness of the links represents the number of people migrating, and the color 

of the link corresponds to the one of the sending country. 

 

As an example, let's focus on US-Mexico migration flows between 1990 and 1995 (figure 3). As shown 

by the reference numbers, the total number of moving people from and to Mexico is above 2 million, 

while in the US is 7 million. The large majority of Mexican emigrants go to the US, while the US is 

receiving immigrants from Mexico, but also from other Central, North and South American countries, 

as well as from Asian countries and, on a certain extent from the rest of the world. Emigrants from 

the US go to other American countries and Europe, in particular Germany. 

 

Now we can zoom-out and observe migration flows from a wider perspective. According to figure 2, 

a bird-eye view of the IMN reveals a stable intensity of global migration but some distinct features in 

the direction of movements. Most of the flows occur within the same arc of the circle, revealing that 

intra-continental flows are the most relevant share of world migration. In addition to that, we notice 

a decreasing trend in the number of flows passing through the center of the circle, meaning that on 

average long radius distance flows are reducing over time. However, this phenomenon seems not to 

affect Asian countries. Moreover, if we compare the dimension of each segment in one circle, we find 

some large disparities in the level of the total immigration and emigration flows within continents: e.g. 

North America receiving and South America sending, Eastern Asia receiving and Southern Asia 

sending, Western Europe receiving and Eastern Europe sending. These evidence shows the constant 

presence of some leading countries in the network in terms of both degree and flow strength (i.e. 

number of migrants). 

  



11 

Descriptive Analysis 

 

Network topology features 

The first network metric analyzed to investigate the local and global properties of the IMN is degree 

centrality. To this purpose, figure 4 and 5 report the simple and cumulative distribution of this 

measure. This exercise reveals that the IMN is characterized by asymmetric interactions between 

nodes (disassortativity): i.e., weakly connected countries (i.e. low degree nodes) tend to connect to 

nodes with a high degree centrality, generating a degree distribution characterized by a positive 

skewness and a high heterogeneity, similar to those generated by a power-law. This finding, already 

documented by Fagiolo and Mastrorillo (2013), is consistent with a well-known process of network 

generation, that is preferential attachment (Barabási and Albert, 1999). According to this model, high-

degree countries are expected to get new connections at a higher rate of low-degree countries, and 

consequently changes in the extensive margin of the IMN are more likely to involve countries already 

playing a major role in the network (e.g., world’s largest economies). 

 

Seaquist et al. (2014) showed that the analysis of the degree in its interplay with betweenness and 

closeness centrality can be useful to gather additional evidence on network behaviors. Consistent with 

this approach, in figure 6 is plotted the correlation between degree centrality and respectively local 

clustering (panel a and b) and betweenness centrality (panel c and d). The figure shows that an increase 

in the degree centrality is correlated with a decrease of the former measure, and an increase in the 

latter one. In other words, nodes connected to a high number of migration corridors play the role of 

hub (i.e., high betweenness) for countries not connected with each other (i.e. low local clustering). 

Therefore, we find evidence that the IMN is characterized by the presence of few, but significant 

number of nodes with many connections, and a trailing tail of nodes with a very few connections. The 

result is the configuration of a peculiar architecture characterized by star-like structures as in figure 1. 

This finding has a number of implications. First, in terms of policy this means that a restriction in the 

visa waiver program of one country located at the core of the IMN may destabilize the whole structure 

of the network, and consistent with the disassortativity hypothesis, increase dramatically the migration 

pressure on other major hubs. Second, it suggests that the countries located at the core of the IMN 

architecture attract migrants from different peripheral areas, probably as a result of factors such as 

cultural and language proximity, and at the same time, they are able to affect each other’s migration 

patterns, sorting migrants from one another. However, note that if the argument used to explain core-
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periphery connections (i.e., cultural and language proximity) is applied to explain the movements 

within the core of the network, we would observe the same composition of foreign population in all 

the major players of the IMN: e.g. core-nodes would be connected to the same set of peripheral nodes. 

This is clearly in contradiction with our findings, especially the one on the negative correlation between 

degree and local clustering. For this reason, under the plausible assumption that core-countries are 

represented by world’s largest economies, I hypothesize a different mechanism of connection, that is 

economic proximity and skilled labor migration. 

 

In order to test these hypotheses, the next section analyzes migration flows looking at the spatial, 

cultural and economic features of the countries connected by them. To this purpose, the dataset by 

Abel and Sander (2014) is matched with the World Bank data on country GDP (World Bank, 2012) 

and the GeoDist CEPII dataset on bilateral distances, colonial and linguistic differences among 

countries (Mayer and Zignago, 2011).  

 

Network configuration in space 

We now turn attention to the effect of distance in shaping the global and local features of the IMN. 

The role played by this factor on human movements is well-known in migration literature, and it is 

open to a range of interpretations and measurements. Broadly speaking, bilateral geographical distance 

can be considered as a measure of travel time and costs, and a proxy of social, institutional, 

organizational proximity between two countries. As a result, it acts as a deterrent to population 

movements, and affect the extent of the search space considered in migration decision making. 

 

To properly account for this effect, following Abbate et al. (2012), I create a geographical distance 

matrix 𝐷 , where the generic element 𝑑 (𝑖, 𝑗) is equal to the distance between the capitals of i and j, if 

they are connected in 𝐺 , and 0 otherwise. Figure 7 (a) and (b) plots a kernel-density estimation for 

the distribution of the values of this matrix in the first and fourth wave of the data. It is easy to see 

that the distribution is skewed to the left and presents a peak at large distance, and that most of the 

migration corridors connect countries that are located at minimum 3000 kilometers from each other. 

The level of connectivity of the IMN as distance changes is shown in figure 7 (c) and (d), where it is 

represented respectively the simple and cumulated distribution of the percentage of connected country 

pairs in each kilometer. The figures show that majority of the flows occurs at short distances (i.e., 

between 3000 and 8000 kilometers), and there is a clear decay distribution of links as the gravity model 



13 

suggests. Moreover, comparing the first and the last wave of migration, one can observe that this 

structural feature of the IMN has remained constant over time, even though it increased the preference 

for short routes. 

 

The ten deciles of the distribution in the top panel of figure 7 are used to create ten subnetworks of 

the IMN in a given wave, where each link is equal to the number of migrants moving from i to j if the 

distance between two countries is smaller than the quantile considered, and 0 otherwise. When 

splitting the network based on distance, an interesting connectivity metric is the dispersion of the 

degree centrality in the network as measured by the Gini index. This value is reported in figure 8 (a), 

where one can observe that the index increases in each quantile, meaning that at larger distances the 

IMN presents a degree distribution more skewed on the right, configuring again a star-like structure. 

 

An illustrative example of this finding is provided in figure 9, in which is represented the subnetwork 

of the IMN within the first (panel a and d), sixth (panel b and e) and tenth quantile (panel c and f), for 

respectively the first and the fourth wave of the data. In panel (a) and (d), the network is composed 

by a number of unconnected components, in which members are densely connected to each other. 

These components represent migration corridors occurring within the same continent, and perhaps 

unsurprisingly, the countries more engaged in these migration movements are the European ones. As 

the distance considered increases - panel (b) and (e) - network density becomes higher and connectivity 

is driven by two major hubs: one in North America, which is particularly relevant; one in Europe, 

where one can also observe an increased relevance of Eastern Europe, namely the Russian federation 

and the Scandinavian countries. Finally, the plot of the tenth decile subnetwork shows a clear star 

topology, where Oceania is in the middle of world-wide flows.  

 

This exercise, by comparing countries’ attractiveness and distance decay effects, provides an 

interesting insight on the way geography affects the formation process of the IMN.  Specifically, 

complementing existing literature, the evidence suggests that prospective migrants discount countries’ 

pull factors by distance, constraining the selection of potential destinations to those able to counteract 

distance decay effects. As a result, short distance routes tend to be homogenously distributed in a 

specific geographical region, while longer migration corridors tend to concentrate in specific areas, 

motivating the emergence of more organized star-like structures. Accordingly, we find evidence for 

the existence of local major players - with a high degree centrality - managing the connectivity of the 
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network within a geographical region. However, when distance increases, few nodes remain central. 

To be more precise, African countries are not relevant anymore, major senders are concentrated in 

America and Asia, and major receivers are in Europe, North America and Australia.  

 

Network cultural features 

Apart from economic concerns, immigrants also seem to care about localized social interaction in the 

receiving areas (Wang et al., 2016). For this reason, it is common in literature to consider as a key 

migration driver the social, institutional and organizational proximity between two places. Consistent 

with this approach, in this section I explore the IMN corridors that are likely to proxy connections 

between countries sharing a similarity of values and traditions. Specifically, I assume that perceived 

cultural proximity is stronger within a set of countries located in the same continent or sharing a 

common colonial heritage, as they are likely to have similar institutions or belong to the same linguistic 

community, and I investigate the structure of migration patterns within these areas of cultural 

proximity. 

 

The average number of connected pairs in each subnetwork is reported respectively in figure 8 (b) and 

(c). The evidence from these figures shows that within the first and fourth quantile (c.a. 10,000 

kilometers), a strong homophily effect is in action: more than 50% of the flows are intra-continental 

and 25% of flows are directed within the same colonial community. Interestingly, this effect is almost 

doubled when considering only the flows making up the highest 10% of migration movements, as 

reported in table 2, column 3 and 4, meaning that a large portion of migrants is involved in this process. 

However, also in this case we observe a decay effect as we consider larger distance radius. In the case 

of intra-continental migration, this is clearly motivated by geographical reasons (i.e., the likelihood that 

two countries are located within the same continent decreases as distance increases). While in the case 

of migration between countries sharing a similar colonial past, it is likely that pull factors from other 

countries interfere as distance increases. As noted by Girma and Yu (2002) and Kugler et al. (2017), 

these migration flows connecting different cultural areas are of particular interest for the literature on 

trade and finance, and future research should address this topic. In fact, it is well-known that migrants 

facilitate cross-border transactions, hence they are likely to have a stronger impact on trade and 

financial flows for country pairs exhibiting higher informational frictions because of their cultural 

distance. 
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Finally, it should be noted that the Gini index of the degree distribution in each quantile fluctuates 

between 0.3 and 0.5, suggesting that stars characterizes also the topology of all the subnetworks 

considered. In the case where only colonial linkages are considered, the hubs of these stars are most 

likely the ruling countries of former empires, such as Great Britain and France.  

 

Network economic features 

This last section analyzes the most relevant destination and origin countries and their ranking in the 

world-wide GDP classification. To this purpose, in table 2, column 5, is reported the direction of the 

flows making up the highest 10% of migration movements. In addition to that, in table 3 are listed the 

topmost relevant destinations and origins in each quantile, their in and out degree in the related 

subnetwork, and GDP rank. 

 

As expected, despite some fluctuations, the majority of migration corridors are directed towards 

countries with a higher GDP (within a range of 50 to 80%), and topmost relevant countries of 

destination are characterized by a high GDP (i.e. USA, UK) or rising economies (Latin American 

countries and Asian tigers in the 90's, BRICs in the next decade), a finding consistent with Peres et al. 

(2016). This evidence therefore substantiates the hypothesis that economics is the key driver of the 

structure of the IMN.  

 

More surprisingly, the richest destinations are also relevant origin countries, and many of them are 

located close to each other (e.g. European countries). The correlation between in and out degree 

measures and GDP, presented in figure 9, clearly shows that countries with a high number of both 

incoming and outcoming flows are mostly the members of the OECD or the BRICs.  

 

Interestingly, when looking at the three topmost migration flows in each subnetwork, as in table 3, 

the majority of the senders are large developing nations, mostly located in Asia (e.g., Pakistan and 

Bangladesh), where the local economies have become more and more globalized in the last 20 years. 

A finding consistent with UNDP (2009). 

 

The evidence for star-like structures in the IMN, combined with that of a positive correlation between 

GDP and in and out degree, may indicate that the set of destinations for an origin country is a proxy 

of the skill composition of its labor force: e.g., unskilled workers from developing nations move 
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towards richer countries to exploit higher salaries and a smaller variance in the distribution of the 

economic inequality (see e.g., Borjas 1987b), determining a disassortative network process (i.e. star-

like structures); on the contrary, the citizens of developed nations have a larger set of choices, since 

they represents a source of skilled workers or investments in each destination, and consequently they 

are more evenly distributed on a larger number of corridors, including the ones within the core of the 

network. To test this hypothesis, the scatterplots in figure 10 report the correlation between country’s 

GDP and respectively indegree (panel a and c) and outdegree (panel b and d). It is easy to observe a 

positive correlation between these metrics, and that the most relevant sources and destinations in the 

IMN are represented by the members of the OECD, China and the Russian Federation, a finding 

consistent with (Tranos et al., 2015). 

 

The conjecture of a correlation between out-degree centrality and skill labor composition might point 

out future directions of research. A rising literature on the link between trade and migration (Lopez 

and Schiff, 1998; Docquier and Lodigiani, 2010; Aubry et al., 2012; Campaniello, 2014) found that the 

movement of people and goods are complementary in the case of skilled labor migration, and 

substitute when considering the mobility of unskilled workers. The implication is that opening markets 

in a specific area might slow down migratory movements originating from the core of the IMN (skilled 

workers), and promote inflows from the periphery of the network (unskilled workers), worsening the 

skill composition of foreign workers in that region. Consequently, the study of country’s centrality in 

the IMN may provide interesting insights to orientate trade policies and evaluate their impact on 

migratory processes. 
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Conclusions 

A thorough understanding of international migration dynamics is essential to fully realize the 

prospective benefits determined by this phenomenon, while mitigating any adverse consequences 

(Davis et al., 2013). In this chapter, I introduce a number of methods and visualization strategies 

borrowed from the framework of the SNA, in the attempt to acquaint the reader of a set of available 

tools for an innovative approach to the investigation of human movements that explicitly considers 

the externalities generated by the multilateral resistance to migration. Drawing from the lessons of the 

literature on gravity models of international migration, and the one on the network analysis of the 

international trade network, this framework employs geographical and cultural distances between 

countries in order to filter the different push and pull factors of migration movements in the IMN, 

and uncover important insights regarding the interactions of migration with the social and economic 

sectors. 

 

Through an extensive characterization of the IMN over the last 20 years (1990-2010), I establish a 

basis with which to examine potential drivers of migration, namely geographical, cultural and 

economic distances, and how the relations between migration and these factors changed over the 

years. Consistent with existing literature, my main result is that geography matters also from a network 

perspective. The probability of observing the creation of a human corridor in the ITN decreases when 

considering larger distance radius. In addition to that, the analysis suggests that within the set of 

destinations available within a certain space, migrants do not choose at random: they prefer moving 

to countries sharing their linguistic-colonial heritage and with higher welfare. Moreover, comparing 

the GDP of the topmost sender and receiving countries at various distances, I have found that the 

outdegree of one country might proxy the skill composition of its labor force: while unskilled workers 

from developing countries move in large numbers through few human corridors, skilled migrants 

from developed nations are sparsely located in a higher number of links.  

 

Comparing the results over time, I have found an increase in the number of topmost destinations in 

the IMN, largely resulting from an involvement of developing countries increasingly assimilated into 

the globalization process. However, the analysis shows that the major modifications of the IMN 

occurred in the intensive margin of the network, meaning that the architecture of international 

migration has remained stable. This result is consistent with the hypothesis of a self-reinforcing 

process on the intensive margin of the network, and it indicates that the persistent difference in the 
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economic sizes of the countries still explain most of the human movements, also from far-away 

countries.   

 

The intrinsic heterogeneity of the different sources of migration, determined by the combination of 

all the factors discussed so far, can be adequately described by a persistent hierarchical architecture, 

with a prevalence of star-like structures, where few specific countries work as hubs of the system. I 

hypothesized that the mechanism underlying this process is that hubs receive unskilled migration from 

countries with similar cultural characteristics (e.g., language), and send skilled labor migration to other 

hubs similar to them. As a result, the level of embeddedness of one country in the IMN appears as a 

powerful source of information to improve and further unfold the dynamics underlying migratory 

processes and its multilateral resistances. With this respect, SNA provide an appropriate theoretical 

framework of analysis that can be used to extend this study in many innovative ways. In particular, I 

have stressed two potential direction of research: the study of the impact of different migration flows 

on informational frictions, and the investigation of the mechanism through which trade policies affect 

the intensive margin of the IMN. 

 

The major limitation of this study lies in the lack of a consistent methodology to precisely use SNA 

for modeling choices, in order to obtain a better assessment of the impact of migration drivers in 

determining the IMN structure. A natural framework for this analysis would seem the one provided 

by exponential random graph models (ERGMs). The main feature of ERGMs is the ability to model 

the structural generation of networks based on both endogenous and exogenous factors, providing an 

insight on the main drivers of relational phenomena without reducing their heterogeneous nature. 

However, the application of this method to the investigation of the IMN presents two major 

challenges at the moment. First, ERGMs provide consistent parameter estimates when the model is 

sufficiently sparse, so the extremely dense nature of the IMN is likely to generate problems of 

computation tractability. Second, a correct analysis on the link generation process of the IMN requires 

to consider the historical path dependence affecting the evolution of the network and the different 

intensities of migratory corridors. However, the state-of-the-art techniques allow ERGMs to model 

either the formation of the intensive margin in one temporal instance, disregarding the effect of 

“diaspora externalities” and changes in the extensive margin across time, or the temporal evolution of 

the IMN structure, assuming the same intensity in all migration flows. Further research is therefore 

required to provide an appropriate framework for an inferential analysis of the IMN.  
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Figures 
Figure 1: The structural features of the IMN – a toy example 

 
Note: Each node represents a country. An edge connecting two nodes indicate the presence 
and the direction of a migratory movement between two countries.  
* Figure created with the R package “igraph”. 
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Figure 2 (a): Global International Migration flows – 1990-1995 

 
Note: the origins and destinations of migration corridors are represented by the circle’s segments. The direction of the flow is encoded both by the origin color and 
by the gap between link and circle segment at the destination. The number of emigrants is indicated by the width of the link at its bases and can be read using 
the tick marks (in thousands) on the outside of the circle’s segments. The size of the segments indicates the total amount of immigrants and emigrants of one 
country. 
* Figure created with the R package “circus”. 
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Figure 2 (b): Global International Migration flows – 1995-00 

 
Note: the origins and destinations of migration corridors are represented by the circle’s segments. The direction of the flow is encoded both by the origin color and 
by the gap between link and circle segment at the destination. The number of emigrants is indicated by the width of the link at its bases and can be read using 
the tick marks (in thousands) on the outside of the circle’s segments. The size of the segments indicates the total amount of immigrants and emigrants of one 
country. 
* Figure created with the R package “circus”. 
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Figure 2 (c): Global International Migration flows – 2000-05 

 
Note: the origins and destinations of migration corridors are represented by the circle’s segments. The direction of the flow is encoded both by the origin color and 
by the gap between link and circle segment at the destination. The number of emigrants is indicated by the width of the link at its bases and can be read using 
the tick marks (in thousands) on the outside of the circle’s segments. The size of the segments indicates the total amount of immigrants and emigrants of one 
country. 
* Figure created with the R package “circus”. 
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Figure 2 (d): Global International Migration flows – 2005-10 

 
Note: the origins and destinations of migration corridors are represented by the circle’s segments. The direction of the flow is encoded both by the origin color and 
by the gap between link and circle segment at the destination. The number of emigrants is indicated by the width of the link at its bases and can be read using 
the tick marks (in thousands) on the outside of the circle’s segments. The size of the segments indicates the total amount of immigrants and emigrants of one 
country. 
* Figure created with the R package “circus”. 
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Figure 3: Global International Migration flows – 1990-95 – Zooming in (US – Mexico)  

 
Note: the origins and destinations of migration corridors are represented by the circle’s segments. The direction of the flow is encoded both by the origin color and 
by the gap between link and circle segment at the destination. The number of emigrants is indicated by the width of the link at its bases and can be read using 
the tick marks (in thousands) on the outside of the circle’s segments. The size of the segments indicates the total amount of immigrants and emigrants of one 
country. 
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Figure 4: In-Out Degree Distribution of the IMN – 1990-95 
(a) (b) 

  
Note: In Panel (a) and (b) is reported respectively the in and out degree distribution of the IMN.   

Figure 5: The cumulated degree distribution of the IMN 
(a) (b) 

  
Note: In Panel (a) and (b) is reported the cumulated degree distribution of the IMN respectively for the first and fouth wave of data. 

* Figures created with the R package “ggplot2”.  
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Figure 6: Correlations in network centrality measures 
(a) (b) 

  
(c) (d) 

  
Note: Top and bottom panels display the correlation between country’s log degree and respectively their local clustering and betweenness. Panels on the left (a,c) refer to the first wave of data. Panels on the left (a,c) refer to the fourth wave of data. The 
black line represents the fit of an OLS regression between the (log) degree centrality and respectively the local clustering coefficient and the betweenness.  
* Figures created with the R package “ggplot2”.  
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Figure 7: Spatial analysis of the IMN 
(a) (b) 

  
(c) (d) 

  
Note: Panel (a) and (b) shows respectively for the first and the fourth wave of the data the distribution of country pairs at different distances using a kernel density function (bandwidth = 0.09947751). Red and blue 
lines refer respectively to Equator distance and decile distribution. Panel (c) and (d) are respectively the simple and cumulated distribution of the percentage of connected country pairs in the IMN conditional on distance.  
* Figures created with the R package “ggplot2”. 
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Figure 8: Spatial and cultural features of the IMN 
(a) 

 
(b) (c) 

  

Note: For each quantile is reported the average number of connected country pairs in the whole IMN (Panel a), within the set of countries located in the same continent (Panel b), or sharing a colonial heritage (Panel c). Each point in the plot is 
labelled with the number of people migrating (in thousands), the number of countries connected, and the average number of migrants passing through a migratory corridor within a quantile. Panel (a) also reports the GINI index of the degree distribution 
of the IMN in each quantile. 
* Figures created with the R package “ggplot2”. 



32 

Figure 9: The structure of the IMN at various distances 
(a) (b) (c) 

   
(d) (e) (f) 

   
Note: In each network, a node represents a country, and one edge connecting two nodes indicates the presence of a migratory movement between two countries within the first (left panels), sixth (middle panels) and tenth (right panels) quantile. In Panel (a) and 
(d), only the 10-topmost degree countries are labelled. In the other panels, all countries are labelled, and the size of the labels is proportional to the degree centrality of the country. Labels corresponds to country’s ISO3 code.  Top and bottom panel represents 
respectively the first and fourth wave of data. 
* Figures created with the R packages “ggnetwork” (left panel) and “igraph” (middle and right panel). 
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Figure 10: Correlation between in and out degree 
(a) (b) 

  
Note: Panel (a) and (b) represents respectively the first and fourth wave of the data. The size and the label of each dot are proportional to country’s GDP. The 45 degree line represents the region where in and out degree overlap. 
* Figures created with the R package “ggplot2”. 
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Figure 11: Correlation between In-(Out) degree and GDP 
(a) (b) 

  
(c) (d) 

  
Note: Top and Bottom Panel represent respectively the first and fourth wave of the data. The size and the label of each dot are proportional to country’s GDP. The blue line represents the fit of an OLS regression between In (out) degree and log 
GDP.  
* Figures created with the R package “ggplot2”. 
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Tables 

Table 1: Four waves of migration flows: 1990 - 2010 

 I wave II wave III wave IV wave 

 (1990-1995) (1995-2000) (2000-2005) (2005-2010) 
Countries reporting migration flows  169 169 169 169 

Countries reporting migration flows (sender)  164 163 161 164 
Countries reporting migration flows (receiver)  164 163 166 166 

Total number of flows (# edges) 9,583 10,319 9,503 9,697 
Density  0.675 0.7269 0.6694 0.6831 
Total number of migrants (flows) 32,080,174 29,977,037 35,031,384 38,116,858 

#  countries making up to 50% of world 
migration (sender)  15 18 12 10 

#  countries making up to 50% of world 
migration (receiver)  8 7 7 8 

#  flows making up to 50% of world 
migration  54 65 72 75 

#  countries making up to 90% of world 
migration (sender)  62 70 65 62 

#  countries making up to 90% of world 
migration (receiver)  41 48 47 64 

#  flows making up to 90% of world 
migration  570 670 671 660 

% of world migration accounted for by the top 
10% flows (# links) 0.95 (959) 0.94 (1032) 0.93 (951) 0.94 (970) 

% of world migration accounted for by the top 
1% flows (# links) 0.61 (96) 0.59 (104) 0.56 (96) 0.55 (97) 

#  destination countries  40 36 64 36 
#  origin countries  57 62 51 44 

Correlation between tot. immigration flows and 
# of in-flows by country  0.59 0.50 0.55 0.56 

Correlation between tot. emigration flows and  
# of out-flows by country  0.34 0.28 0.33 0.32 
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Table 2: Direction of top migration flows per quantile  

Wave Quantile % of links within 
continent 

% of links within the same 
colonial/linguistic area 

% of links directed to 
countries with higher GDP 

1990-95 1 88% 44% 70% 
2005-10 1 88% 40% 37% 
1990-95 2 69% 61% 73% 
2005-10 2 92% 50% 69% 
1990-95 3 87% 52% 82% 
2005-10 3 92% 56% 80% 
1990-95 4 55% 35% 60% 
2005-10 4 52% 39% 65% 
1990-95 5 12% 18% 41% 
2005-10 5 10% 40% 70% 
1990-95 6 26% 26% 84% 
2005-10 6 30% 30% 50% 
1990-95 7 0% 37% 56% 
2005-10 7 10% 42% 68% 
1990-95 8 0% 55% 83% 
2005-10 8 0% 55% 70% 
1990-95 9 0% 53% 86% 
2005-10 9 0% 50% 100% 
1990-95 10 0% 50% 71% 
2005-10 10 0% 46% 73% 

Note: The table reports the direction of the topmost flows in each quantile. Flows are selected from the highest decile of the distribution of link weights in 
the subnetwork of the IMN in each considered quantile. 
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Table 3: Top 1 Origin and Destination countries per quantile 

  Topmost Relevant Destination Topmost Relevant Origin 

Wave Quantile Country 
Out 

Degree 
In 

Degree 
GDP 
Rank 

Country 
Out 

Degree 
In 

Degree 
GDP 
Rank 

1990-95 1  India  3 4 16  Rwanda  5 0 131 

1990-95 2  Egypt  22 10 47  Russian Federation  20 11 9 

1990-95 3  Mexico  9 7 12  United States of America  15 18 1 

1990-95 4  Colombia 6 5 40  Germany  7 17 3 

1990-95 5  United States of America  18 16 1  Germany  10 14 3 

1990-95 6  Philippines  5 11 42  United States of America  28 23 1 

1990-95 7  United States of America  17 14 1  Germany  2 16 3 

1990-95 8  Great Britain  12 13 6  Canada  13 22 7 

1990-95 9  Korea  8 10 13  United States of America  26 27 1 

1990-95 10  Thailand  30 1 29  United States of America  12 15 1 

2005-10 1  Singapore  1 4 39  France  17 16 4 

2005-10 2  United Arab Emirates  2 10 38  India  4 2 16 

2005-10 3  United States of America  17 16 1  Mexico  9 9 12 

2005-10 4  United Arab Emirates  15 9 38  Bangladesh  10 2 52 

2005-10 5  United Kingdom  11 21 6  United States of America  13 12 1 

2005-10 6  Italy  3 16 5  United States of America  28 17 1 

2005-10 7  Spain  2 19 8  China  14 6 11 

2005-10 8  Spain  0 13 8  China  9 3 11 

2005-10 9  United States of America  21 27 1  India  6 0 16 

2005-10 10  United States of America  12 14 1  Philippines   31 20 42 
Note: The table reports the top 1 origins and destinations of the IMN in each quantile. The value out (in) degree counts the number of out (in) flows connected to the country within the 
considered quantile. GDP rank reports country’s ranking in terms of GDP in the considered temporal interval. 
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Table 4: Top 3 migration flows per quantile 

1990-95 2005-10 

1th quantile 

Bangladesh India Malaysia Singapore 

India Pakistan Indonesia Malaysia 

Malawi Mozambique Tanzania Burundi 

2nd quantile 

Armenia Russia India United Arab Emirates 

Turkey Germany Bangladesh India 

Egypt Saudi Arabia Zimbabwe South Africa 

3rd quantile 

Mexico United States of America Mexico United States of America 

Kazakhstan Russia Kazakhstan Russia 

Guatemala United States of America Uzbekistan Russia 

4th quantile 

Colombia United States of America Bangladesh United Arab Emirates 

Bangladesh Saudi Arabia Bangladesh Saudi Arabia 

Kyrgyzstan Germany Bangladesh Qatar 

5th quantile 

Kazakhstan Germany Peru United States of America 

United States of America Germany United States of America Spain 

Peru United States of America Pakistan Great Britain 

6th quantile 

Philippines Saudi Arabia United States of America Italy 

Thailand Australia India Great Britain 

Bosnia and Herzegovina United States of America Indonesia United Arab States 

7th quantile 

United States of America Greece Ecuador Spain 

Thailand Germany China Australia 

Egypt United States of America Zimbabwe Great Britain 

8th quantile 

Great Britain South Africa India Australia 

China Canada China Canada 

Thailand France Argentina Spain 

9th quantile 

Korea United States of America India United States of America 

China United States of America China United States of America 

India United States of America India Canada 

10th quantile 

Thailand United States of America Philippines United States of America 

Philippines United States of America Great Britain Australia 

Brazil Japan Thailand United States of America 
Note: For each quantile are reported the three-topmost migration flows. 


