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Abstract 

Understanding human socioeconomic development has proven to be one of the most difficult and 

persistent problems in science and policy. Recent developments suggest that the key to progress 

lies in the consideration of processes where new information is created and embedded in the 

structure of social networks at a diverse set of scales, from nations to cities and firms. We 

formalize these ideas in terms of network theory and analyze the Data for Development (D4D) 

Challenge data on mobile phone communication in Côte d’Ivoire, in this light, to show how 

incipient socioeconomic connectivity may constitute a general obstacle to development. We also 

propose a set of further tests of our ideas using telecommunications data to create potential 

measures that we expect would promote socioeconomic development through increases in 

specific types of social connectivity.  

 

Keywords: Economic Development, Mobile Phone Data, Côte d'Ivoire 

 

Introduction 

The problem of understanding social and economic development in human societies is one of the 

most fundamental questions in science and policy (Sen, 1999; Easterley, 2002). Despite many 

studies and general ideas, informed by a history of interventions over the last few decades, the 

problem has remained stubbornly resistant to useful scientific syntheses (Easterley, 2002; Duflo 

and Banerjee, 2011). As a result, policies and interventions aimed at spurring human development 

at different levels – from individuals to whole nations – have remained very limited in their 

successes and the design of even basic strategies remains the focus of controversy.  

 

Recently, more empirical approaches to problems of development have gained traction, from 

randomized control trials (Duflo and Banerjee 2011) and census of informal communities (Patel 

et al., 2001) on small scales, to big(ger) data approaches that illustrate the structure and dynamics 

of developing human societies, e.g. via worldwide remote sensing (Angel, 2012) and the analyses 

of national mobile communication networks (Eagle et al. 2009, 2010). Nevertheless, there 

remains a large gap between what these methods and technologies can measure and a detailed 

understanding of the processes that underpin socioeconomic development.  

  

A myriad of observations and previous experiences suggest that successful human socioeconomic 

development requires the simultaneous solution of many problems at once (Jacobs, 1970; 

Holston, 2008). This is not the statement that all problems need to be solved together and once 

and for all, but rather that incremental progress across many different dimensions of people’s 

lives, from access to better services to security and education, tend to work better than 

sophisticated solutions to single issues, which are usually not sustainable. The former was the 

path taken historically by nations that today are considered developed. Thus, solutions targeted at 

solving one or few aspects of the problem, e.g. epidemic outbreaks (Yoneki, 2011), emergent 

political violence (Robertson et al., 2010), or other humanitarian crises (Sarcevic et al. 2012; 

Starbird and Palen, 2011) though certainly important, are not sufficient or even significantly 

effective at promoting self-sustaining development. Nations without such problems still display 
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manifest challenges of development, while other societies, where these problems do occur, show 

clear and sustained growth.    

 

Therefore, there is an acute need for new concepts and methodologies that can inform what 

development is in terms of specific socioeconomic structures and their dynamics in space and 

time. Here, we address this problem through a novel synthesis of ideas from economics and other 

social sciences, grounded on recent developments in network theory and the role of 

measurements made possible by human interaction networks. Specifically, we address the 

fundamental nature of development dynamics as a socioeconomic network process, show how it 

can be measured using telecommunications data from the D4D challenge (Blondel et al., 2012) 

and suggest how a general path of development in Côte d’Ivoire could be observed and possibly 

stimulated. We also propose a set of possible additional measurements and policy interventions 

that can test the concepts developed here. 

  

Our approach connects recent theoretical and technical developments in network structure and 

dynamics to fundamental problems in human societies in a way that can be studied scientifically 

and successively improved via cycles of policy intervention and empirical observation.  

 

Economic Development Theories 

We first provide context on general ideas of development and economic growth, and some of 

their shortcomings when applied to the case of Côte d’Ivoire, as well as to most other developing 

nations. 

 

The problem of understanding growth lies somewhat outside the mainstream of classical 

Economics as it requires that we relax some concepts of optimality and equilibrium central to 

microeconomic formulations (Barro and Sala-i-Martin, 2003). 

 

Modern theories of endogenous growth, developed through the 1990s (Barro and Sala-i-Martin, 

2003; Romer, 1994) emphasized the creation of new information, in the form of new products, 

recipes or “algorithms”, as the source of economic growth. In a nutshell, these theories emphasize 

the non-rival (non-exhaustible) nature of information, which is qualitatively different from other 

factors of production, such as labor and capital, as the source of productivity gains in an 

economy.  

 

To put it simply, new money comes from new ideas. Human capital, usually measured in terms of 

education attainment, plays a central role as the producers of this information. Yet, education and 

research and development must be paid through savings (e.g. foregone consumption) to be 

invested into these activities. While these concepts reflect important ingredients of economic 

growth and development, they provide no specific theory about where information resides in 

terms of social structures and specific economic agents, such as individuals and firms and their 

interactions.  

 

The economic history of Côte d’Ivoire provides some examples of this difficulty (though these 

are by no means unique). At present in Côte d’Ivoire, people with university and other advanced 

degrees do earn higher wages (International Monetary Fund, 2009), but are subject to the highest 

unemployment rates and the longest periods of job search in the nation (Direction des Services 

Socioculturels, 2009). Thus, the production of a more educated population is statistically not the 

answer.  Instead, a greater emphasis on how innovations are learned and used in human societies 

is necessary. 
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Recent emphases on the quality of governance and institutions (Acemoglu et al., 2005) and on the 

structure of space of capabilities or products (Leontief, 1986; Hidalgo et al., 2007) provide 

important ingredients to development but do not explain in practical detail how to integrate these 

ingredients into the social fabric of human societies to generate growth.   

 

In developing nations such as Côte d’Ivoire, informal employment dominates the economy and is 

usually associated with low levels of specialization and coordination of labor, and little value 

added to economic activity (Losby et al., 2002). Thus, the crucial question becomes: Why don’t 

developing economies quickly adopt strategies to promote the division and interdependence of 

labor across scales to promote greater economic output and open-ended cycles of organizational 

and technological innovation? 

 

Development, Information and Social Connectivity 

A set of interdisciplinary concepts, grounded on the spatial and temporal characteristic of social 

connectivity and its evolution as a complex adaptive system may hold the key to answering this 

question.  

 

Development is first and foremost the open-ended process of gaining social and economic access 

to a society at large. Recent ethnographic studies in sociology, especially in Latin America, 

(Holston, 2008) have emphasized how new urban migrants living in informal settlements have 

gradually strived for services and citizenship rights and responsibilities. As a result, large, poor 

and marginalized fractions of the population joined their civic society and formal economies, and 

gradually raised their socioeconomic status and that of their communities. These processes 

connect the aggregation of information in human societies to scale, innovation and economic 

growth (Holston, 2008; Hayek, 1945; Arrow, 1962; Bettencourt et al., 2012). However, these 

dynamics have largely remained untested because the observation of large-scale social structure 

was technically impossible until recently. Below, we show that networks of telecommunications 

provide a new window into these fundamental social dynamics. 

 

Developed nations are characterized by high levels of individual and organizational specialization 

(functional diversity) and their integration, at least at three fundamental levels: i) the urban 

system (nation), ii) cities and iii) firms and other social organizations. At each of these scales we 

should expect network structures to emerge that entail the exchange of information, as well as 

people and goods, involved in socioeconomic processes of growth and innovation. Here, we 

develop the case that such structures and their dynamics are visible in networks of 

telecommunication, to which we now turn. 

 

Results 

 

Below we analyze the D4D challenge telecommunications data made available for Côte d’Ivoire 

(Blondel et al., 2012). We explore the quantitative characteristics of networks of connectivity at 

the national and urban levels. More technical details of the data and of our analysis are given in 

Materials and Methods, in the final section of this article.   

 

The structure of Côte d’Ivoire’s urban system 

For a nation to develop, it is essential to create an urban system as sets of separate but inter-

dependent cities. It is across places of different sizes that the advantages of large cities, in terms 

of innovation and organization, pay off. This happens through the incorporation of new ideas and 

organizational forms into the structure of industrial and primary production, which, in turn, forms 

the principal basis for the economies of smaller cities, and the material basis for nations as a 

whole. 
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In theories of central place (Christaller, 1966; Lösch, 1954) later elaborated by modern economic 

geography (Fujita et al., 2001), the crucial feature that provides the basis for intercity 

dependences is a functional hierarchy of economic functions. This means that the largest city in 

the system contain all economic functions observed in smaller ones, but not the reverse. As such, 

larger cities supply services (innovation, information, organization) to small cities in their 

territory, in exchange for food and other material goods. The largest city in an urban system is 

thought to service, in this way, an entire nation. Despite some urban specialization, such as in 

large-scale manufacturing, these trends are characteristic of most developed nations (Mori et al., 

2008). 

 

Unfortunately, detailed and reliable information about economic functions is hard to obtain at the 

city level, especially in developing nations. Nevertheless, telecommunication data gives us an 

entry point to investigate to what extent Côte d’Ivoire’s urban system is spatially integrated, and 

to measure the roles of distinct cities in light of the expectation of a national urban hierarchy, as 

expressed in terms of telecommunication call flows. In other words, it is not enough to assume 

that cities of different sizes serve purposes in a larger network without knowing how they are 

connected as a network. With telecommunications data, this becomes possible.  

 

In this section, we examine the structure of the networks of telephone calls between places 

(prefectures) in Côte d’Ivoire.  A map of the total number of calls (placed and received) between 

any two places in the urban system shows, as would be expected from central place theory 

arguments, the importance of the largest city, Abidjan (about 3.8 million people) (Fig 1). The 

connection to Abidjan is expressed in terms of the diversity and strength of calls exchanged with 

many other cities in the nation.   However, even at this level we start to observe that links to 

Northern and Western parts of the country are relatively sparse. The political capital 

Yamoussoukro also plays no particularly strong role in this network, despite its expected behavior 

of connecting to the two large population centers, Abidjan and Bouaké (pop. ~775,000 people in 

2002).  

 

These patterns become clearer when we consider calling patterns between two places on a per 

capita basis. That is, when we ask what the typical calling patterns of an individual subscriber in a 

given city may be. Calling patterns placed (Fig 2) and received (Fig 3) per capita show that larger 

cities, Abidjan in particular, are the focus of a large number of calls placed and received.  These 

calling patterns show that much of the nation of Côte d’Ivoire is actively listening to what 

happens in Abidjan. As for Abidjan itself, most of the calls it places (84%) are to other parts of 

the city. However, we cannot say with total confidence that Abidjan obtains its information from 

other parts of the city, as the large developing metropolis likely also possesses strong links to 

other international cities (these links are not provided in the D4D dataset).  

 

Apart from Abidjan, the second largest city, Bouaké, plays an analogous role, but more limited to 

its immediate neighboring region. Interestingly, the political capital Yamoussoukro, does not 

escape this pattern: its strong connections to the two largest cities are more in placing calls rather 

than receiving them. Other economically important regional centers, such as San Pedro (the 

second largest port, after Abidjan), have more mixed patterns of connectivity, separate from those 

of the other larger cities. Though already seen in Fig 1, the northern and western parts of Côte 

d’Ivoire are also largely disconnected from the main economic and political centers of Côte 

d’Ivoire when viewed on a per capita basis. 
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LCôte d'Ivoire Calling Patterns 

Abidjan, with a population of over 3 million people, is strongly 
connected through telephone call volume to surrounding areas in 
the north, east and west, though over 84%  of calls placed in the 
Abidjan area are  internal to Abidjan. The former capital accounts 
for 40% of the national GDP, much of the nation’s call flow includes
 the urban Abidjan. Recently, Abidjan has seen an influx of northern
 migrants, and plays a central role by serving as the seat of 
government and economy operations for institutions such as the 
Ivorian Army. 

Northern Côte d'Ivoire is rural and
sparsely populated. It is traditionally 
home to Islamic communities. Today 
it produces relatively few phone calls
and is generally separated from urban 
services, tourism and port industry.

Since 1983, Yamoussoukro has been the 
capital and political seat of government for
Côte d’Ivoire. Today it is the third largest city 
in the nation and has played a role in the 
historical migration of people from the north 
to the south. More recently its change of 
political leadership has not seemed to sever 
its calling to both Bouaké and Abidjan.

San Pédro is the 
second largest port 
after Abidjan, 
responsible for much 
of the cocoa trade and 
producing 4% of the 
national GDP. The city’s
 telephone ties, however,
 link mostly to local 
agricultural areas, and 
to Abidjan, but not 
larger central cities. 

Bouaké, the second largest city in  Côte d'Ivoire, 
saw much turbulence during the Ivorian Civil War. 
Serving as a center for the Baoulé people, it is 
considered the center of the north. Calling patterns 
here are strong to and from Abidjan, as well as to 
the local north, although the city does not call as 
many places as could be expected from its size.

Western Côte d’Ivoire is mostly an agricultural region
growing and selling cocoa, coffee, rice and other goods 
at its large markets. The region also has forests and 
waterfalls that attract outdoor enthusiasts.

é

Land Use Codes
20 - Mosaic Croplands/Vegetation
30 - Mosaic Vegetation/Croplands
32 - Mosaic Forest/Croplands
41 - Closed broadleaved evergreen forest
60 - Open broadleaved deciduous forest
110 - Mosaic Forest - Shrubland/Grassland
120 - Mosaic Grassland/Forest - Shrubland
130 - Closed to open shrubland
140 - Closed to open grassland
190 - Artificial area

Calls
100 - 31000
32000 - 100000
110000 - 230000
240000 - 610000
620000 - 1100000

Max = 64,000,000 (Abidjan)
Min = 92,600 (Sakassou)

District-Internal Calls
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LCôte d'Ivoire Calling Patterns 
Calls Placed Per Capita

Abidjan, with a population of over 3 million people, is strongly 
connected through telephone call volume to surrounding areas in 
the north, east and west, though over 84%  of calls placed in the 
Abidjan area are  internal to Abidjan. The former capital accounts 
for 40% of the national GDP, much of the nation’s call flow includes
 the urban Abidjan. Recently, Abidjan has seen an influx of northern
 migrants, and plays a central role by serving as the seat of 
government and economy operations for institutions such as the 
Ivorian Army. 

Northern Côte d'Ivoire is rural and
sparsely populated. It is traditionally 
home to Islamic communities. Today 
it produces relatively few phone calls
and is generally separated from urban 
services, tourism and port industry.

Since 1983, Yamoussoukro has been the 
capital and political seat of government for
Côte d’Ivoire. Today it is the third largest city 
in the nation and has played a role in the 
historical migration of people from the north 
to the south. More recently its change of 
political leadership has not seemed to sever 
its calling to both Bouaké and Abidjan.

San Pédro is the 
second largest port 
after Abidjan, 
responsible for much 
of the cocoa trade and 
producing 4% of the 
national GDP. The city’s
 telephone ties, however,
 link mostly to local 
agricultural areas, and 
to Abidjan, but not 
larger central cities. 

Bouaké, the second largest city in  Côte d'Ivoire, 
saw much turbulence during the Ivorian Civil War. 
Serving as a center for the Baoulé people, it is 
considered the center of the north. Calling patterns 
here are strong to and from Abidjan, as well as to 
the local north, although the city does not call as 
many places as could be expected from its size.

Western Côte d’Ivoire is mostly an agricultural region
growing and selling cocoa, coffee, rice and other goods 
at its large markets. The region also has forests and 
waterfalls that attract outdoor enthusiasts.

Max = 40 calls per person (San Pédro)
Min = 0.61 calls per person (Odienne)

District-Internal Calls

é

Land Use Codes
20 - Mosaic Croplands/Vegetation
30 - Mosaic Vegetation/Croplands
32 - Mosaic Forest/Croplands
41 - Closed broadleaved evergreen forest
60 - Open broadleaved deciduous forest
110 - Mosaic Forest - Shrubland/Grassland
120 - Mosaic Grassland/Forest - Shrubland
130 - Closed to open shrubland
140 - Closed to open grassland
190 - Artificial area

CALLS PLACED PER CAPITA
0.0001 - 0.50
0.51 - 0.64
0.65 - 1.3
1.4 - 2.2
2.3 - 5.0
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LCôte d'Ivoire Calling Patterns 
Calls Received Per Capita

Abidjan, with a population of over 3 million people, is strongly 
connected through telephone call volume to surrounding areas in 
the north, east and west, though over 84%  of calls placed in the 
Abidjan area are  internal to Abidjan. The former capital accounts 
for 40% of the national GDP, much of the nation’s call flow includes
 the urban Abidjan. Recently, Abidjan has seen an influx of northern
 migrants, and plays a central role by serving as the seat of 
government and economy operations for institutions such as the 
Ivorian Army. 

Northern Côte d'Ivoire is rural and
sparsely populated. It is traditionally 
home to Islamic communities. Today 
it produces relatively few phone calls
and is generally separated from urban 
services, tourism and port industry.

Since 1983, Yamoussoukro has been the 
capital and political seat of government for
Côte d’Ivoire. Today it is the third largest city 
in the nation and has played a role in the 
historical migration of people from the north 
to the south. More recently its change of 
political leadership has not seemed to sever 
its calling to both Bouaké and Abidjan.

San Pédro is the 
second largest port 
after Abidjan, 
responsible for much 
of the cocoa trade and 
producing 4% of the 
national GDP. The city’s
 telephone ties, however,
 link mostly to local 
agricultural areas, and 
to Abidjan, but not 
larger central cities. 

Bouaké, the second largest city in  Côte d'Ivoire, 
saw much turbulence during the Ivorian Civil War. 
Serving as a center for the Baoulé people, it is 
considered the center of the north. Calling patterns 
here are strong to and from Abidjan, as well as to 
the local north, although the city does not call as 
many places as could be expected from its size.

Western Côte d’Ivoire is mostly an agricultural region
growing and selling cocoa, coffee, rice and other goods 
at its large markets. The region also has forests and 
waterfalls that attract outdoor enthusiasts.

Max = 40 calls per person (San Pédro)
Min = 0.61 calls per person (Odienne)

District-Internal Calls

é

CALLS RECEIVED PER CAPITA
0.01 - 0.35
0.36 - 0.81
0.82 - 1.70
1.71 - 3.70

Land Use Codes
20 - Mosaic Croplands/Vegetation
30 - Mosaic Vegetation/Croplands
32 - Mosaic Forest/Croplands
41 - Closed broadleaved evergreen forest
60 - Open broadleaved deciduous forest
110 - Mosaic Forest - Shrubland/Grassland
120 - Mosaic Grassland/Forest - Shrubland
130 - Closed to open shrubland
140 - Closed to open grassland
190 - Artificial area
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Figures 1, 2 and 3 represent the call network for the urban system of Côte d’Ivoire, the network of 

calls placed per capita for the urban system of Côte d’Ivoire and the network of calls received per 

capita for the urban system of Côte d’Ivoire, respectively. Each image shows heavy flows into 

Abijdan, and a northward trend in calling. The north part of the country has relatively few calls in 

or out of the cities.   

 

This suggests that the Ivorian urban system is still very much incipient. Most cities display strong 

communication links regionally, but it is clear that even Abidjan (the economic capital) and 

especially Yamoussoukro (the political capital), though displaying a greater reach than smaller 

cities, fail to maintain a network of communication with most of the nation, especially the North 

and West, which are, not coincidentally, the poorest parts of the nation. 

 

This suggests that a path for national development must entail improvements in the integration of 

the nation as a whole, and should be facilitated and accompanied with the observation of 

increasing call rates between all places, and especially between the larger cities and the western, 

southwestern and northern parts of the country. We discuss the effects that may serve as 

indicators below.  

  

Urban agglomeration effects 

Large cities are often described as the social, political and economic engines of most (developed) 

nations. However, it has also been argued that recent urbanization in Africa has failed to deliver 

on its promise for economic development (The Economist, 2012) and has in fact proceeded 

without much in the way of measurable economic progress. These issues are subtle, however, as 

we discuss below in the context of Côte d’Ivoire.  

 

Generally, historical and contemporary patterns of national development very much depend on 

the socioeconomic dynamics that happen inside a nation’s largest cities, and in particular on the 

ability of these places not only to grow but to realize increases in social interactivity that can lead 

to larger and more sophisticated economic specialization and interdependence; organizational and 

technological innovation; and the seizing of latent economies of scale in services and 

infrastructure (Bettencourt et al., 2012; Jones and Romer, 2010).    

 

Arguments from complex systems theory and from urban economics emphasize the role of 

agglomeration economies in all these processes: the output of socioeconomic processes rises on a 

per capita basis with the size of cities.  This is interpreted in terms of the possibilities for 

interaction created by spatial and temporal concentration of people in cities (Bettencourt, 2012). 

However, even if these conditions are met, the question remains whether cities realize these 

interactions “for good”. Negative consequences of increased human interactivity can also occur, 

in terms of increases in crime rates, the prevalence of infectious diseases and the proliferation of 

small-scale informal economic agents. The cities of Côte d’Ivoire, and Abidjan in particular, 

manifest these various consequences of urbanization: The good and the bad are very much 

intertwined. Telecommunications data can prompt the exploration of not only which cities are 

involved in this type of growth, but also provide metrics of to what extent agglomeration effects 

are realized in each place.   

 

We start by showing the parallel analysis of regional connectivity in Figs 1-3, and of Abidjan, in 

Figs 4 and 5. Fig 4 shows the network of calls between parts of Abidjan and its surrounding 

region, while Fig 5 shows this picture in greater detail for the central city. At the metropolitan 

level it is clear that Abidjan thoroughly integrates its central communes, between and within 

surrounding population centers, such as Anyama, Bingerville, Bonova, Dabou, Grand–Bassam 

and Songon (Fig 4). 
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Fig 5 also shows how central communes in the city exchange information even more frequently 

than with these other adjacent areas. Especially noteworthy are the almost parallel roles of the 

two population centers of Yopougon (most populated commune) and Cocody (most affluent 

residential district), and in a different way the commercial and business centers of Adjamé and 

Plateau.  Interestingly, the commune of Abobo, which also has a large population, to a large 

extent of internally displaced migrants, is less connected than Yopougon to the rest of the city. 

Nevertheless, these figures strongly suggest strong communication patterns between ethnically, 

functionally and economically different parts of the city, which are a sign of functioning urban 

center as a mixing social network (Bettencourt, 2012).  

 

This suggests that even if Côte d’Ivoire remains relatively disconnected as an urban system, more 

local socioeconomic connectivity inside its cities (in Abidjan, at any rate) seems to already be 

present and able therefore to facilitate general processes of urban agglomeration. 

 

 

 
 

 

Fig 4: The regional call network for Abidjan shows activity in the dense downtown, as well as 

connectivity from the north community of Abobo, and from the west community of Songon, to 

the downtown. In addition, high flows are found from the downtown to the eastern area of 

Bonoua, and to a lesser extent, port town Grand-Bassam. It looks as though very few calls per 

capita are returned to the city from these areas, in part because the inner-city destinations are 

highly populated areas, and calls are normalized by this factor. 
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Figure 5: The central “downtown” Abidjan call network shows heavy per capital flows from 

communes of spacious Yopugon and Cocody into Plateau and Treichville, the central business 

districts of Abidjan. 

  

To test this idea in greater detail beyond Abidjan we performed a simple scaling analysis for the 

total number of calls received by each prefecture as a function of their population. These patterns 

are well described on average by a power law function (Bettencourt et al., 2007; Bettencourt and 

West, 2010; Bettencourt, 2012) where the connectivity, C, is a function of population size N, 

C=C0 N
b
. The parameter b-1 measures the on average increase in social connectivity per capita 

with city population size. We observe, b=1.147 (95% Confidence Interval [1.10, 1.20]) implying 

that connectivity per capita increases by about 15% with each doubling in population size. These 

scaling effects are in line with patterns recently measured for analogous telecommunications data 

in Portugal and the United Kingdom (Schlaepfer et al., 2012) and predicted by urban scaling 

theory (Bettencourt, 2012). They suggest a general acceleration of social economic processes 

with city size in agreement with many other nations, developing and developed (Bettencourt et 

al., 2007; Bettencourt and West, 2010; Bettencourt, 2012). However, in line with the observations 

of the previous section, we find that the growth in connectivity with population size that is due to 

internal calls within each city is even faster, with a b=1.26. This means in practice that as cities 

grow the fraction of all calls that is internal to the city increases. In Abidjan, 84% of all calls 

initiated in the city are to callers within the city, illustrating again how most of its information 

finds uses only locally. 
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Moreover, the joint signature of urban agglomeration effects and of an urban hierarchy should be 

visible in patterns of diversity of connection with city size (and therefore of economic 

productivity, see below). This has in fact been recently observed for the UK using 

telecommunication networks (Eagle et al., 2010). This is indeed the case using two simple 

measures of diversity, the total number of different places (e.g. diversity) called and the Shannon 

entropy (Shannon, 1948) of the distribution of places called, respectively, in order to signify 

diversity of calling destinations (Fig 6). 

 

 
Figure 6: The relation between number of cities called and the population size of the origin (left), 

and the relation between the diversity (Shannon entropy) of calls placed and population size of 

cities (right) show an upward trend. 

 

That cities in Côte d’Ivoire generally realize agglomeration effects is good news for development. 

However, it is also important to understand what effects of urbanization are enabled by social 

interactions, benign or malign. The recent history of Côte d’Ivoire, which has many parallels with 

other examples of urbanized Africa and Latin America, indicates that its most recent rapid 

urbanization is partially the result of conflict and political crises, and less of planned migration to 

access social and economic opportunity. Abidjan, for example, has grown explosively in 

population during the last decade of conflict in the region, due to both internally displaced people 

and refugees from neighboring nations.   

 

Nevertheless, and despite these challenges, rates of poverty in Abidjan are lower than in all other 

parts of the country (21% compared with 49% for the nation (International Monetary Fund, 

2009), especially in comparison with rural areas. Urban GDP is largely unknown. However 

general estimates suggest that Abidjan is responsible for about 40% of national GDP, whereas 

northern, landlocked Bouaké accounts for about 3% and San Pedro, an important port for cocoa 

exports, accounts for 4%. Accounting for their respective populations results in an annual per 

capita GDP of 3,677, 1,337 and 4,857 USD respectively, considerably larger than the national 

GDP per capita of 1,062 USD. Perhaps clearer are the results of the most recent Survey of Living 

Standards of Households in 2008 (via International Monetary Fund, 2009). Its findings regarding 

personal income illustrate more fully the relative economic advantages of urban centers and of 

Abidjan in particular. The findings of this survey estimate that all urban centers in the nation 

manifest larger incomes than their surrounding rural areas by factors of 1.3 to 1.9 (national 

average is that urban incomes are 1.82 larger than rural ones). The annual average per capita 

income in Abidjan is by far the largest in the nation at about 561 thousand CFAF (roughly $1140 

USD) compared with 372 thousand CFAF (roughly $695 USD) for the national average. In 2007, 
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Mercer Human Resources Consulting, who rank cities around the world in terms of their quality 

of life, placed Abidjan as 35
th
 most expensive city in the world! 

 

Thus, economic urban agglomeration effects are at play in Côte d’Ivoire, even if national GDP 

(and incomes) may have recently decreased in real terms, during the last decade of conflict.  

 

Other more sinister urban agglomeration effects point to some of the challenges of development 

in Ivorian cities.  It has been estimated that 4.7% of the country’s population is infected with 

HIV/AIDS (International Monetary Fund,  2009). According to the same survey, in Abidjan, the 

prevalence of the virus is much higher, at an extraordinary 6.1%. Already in 1997, about 40% of 

hospital beds in Abidjan were occupied by HIV/AIDS patients. Urban insecurity is also extremely 

high, though few reliable numbers exist. The same IMF report stated that in the first half of 2008, 

out of a total of 62,424 offences to the penal law registered by the National Police, 75% were 

registered in the district of Abidjan. 

 

In parallel, economies of scale in urban infrastructure, a general characteristic of cities 

worldwide, seem to be at best only incipient in Côte d’Ivoire. While it is in the nation’s large 

cities that access to sanitation, treated water, power, and other general services is at all possible 

these services work mostly intermittently and in small scales, thus squandering some of the 

possible system-wide savings made possible by large population concentrations. 

 

All these results, and many more relating to the concentration of services such as police forces, 

businesses types (Sleuwaegen & Goedhuys 2002) and education, strongly suggest that urban 

agglomeration effects are already at play in Côte d’Ivoire’s cities. However, many of the negative 

consequences of increased social connectivity, such as high levels of violence and incidence of 

infectious diseases, seem to trump some of its economic gains. This pattern is historically typical. 

Development happens as large problem-plagued cities develop infrastructural, political and civic 

organizations that allow them to systematically solve problems of population agglomeration (Hall 

1998). How mobile communications may play a new role in enabling such solutions is discussed 

below. 

 

Entrepreneurship and Informality 

Finally, and more speculatively, the somewhat poorly known structure of employment and 

economic entrepreneurship in Côte d’Ivoire suggests that most economic activity in urban centers 

is concentrated in small and unspecialized organizations, with some exceptions in terms of 

electricity and cement production, as well as activity in the international ports of Abidjan and San 

Pedro.  

 

The IMF has, in fact, recently described the informal economy of Côte d’Ivoire as ‘vibrant’ 

(2009). It is estimated to have engaged roughly 4,107,595 workers in 2002 vs. 1,698,300 workers 

in 1995, an increase of 142% over 7 years. Much of the informal sector is rural, but informal 

employment in Abidjan is estimated to be about 75% (Programme des Nations Unies pour le 

Développement, 2003). 

 

Given the increases in social connectivity afforded by urbanization and mobile communication, 

why haven't larger and more sophisticated firms emerged in Côte d'Ivoire? 

 

In economics, firms are thought to emerge as a result of the minimization of transaction costs, 

which must always be incurred in real markets (Coase, 1937). These market costs become 

prohibitive when sophisticated production, involving the integration of specialized skills is 

necessary. As a result specialization and learning occurs frequently inside firms.  Mobile 
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telecommunications play a potentially interesting role in promoting social coordination, 

minimizing market transaction costs, and in potentially promoting social organization that could 

result in the growth and sophistication of production.  Thus, we hypothesize that in many 

informal economies cell phones may have encouraged on-demand labor arrangements that may in 

fact defeat the potential for modern large firms with extensive division of labor to emerge. 

Certainly, that seems to be the case of Côte d’Ivoire in recent years (Ilahiane and Sherry 2008), 

where, judging from older data from around 1990, the size distribution of firms was characterized 

by a “missing middle”: most economic enterprises were either large, or very small (Sleuwaegen 

& Goedhuys 2002).  

 

The following example from the transportation sector illustrates how informal market solutions 

have been trumping potentially more efficient large-scale services: in Abidjan, mass 

transportation is mainly operated by the public company SOTRA. In 2000, after a decade of 

disinvestment, its services translated into one bus for more than 4,500 inhabitants, rendering 

inevitable disaffection for its services.  To fill this gap for an essential urban service, informal 

transport operators (using minibuses called “gbakas” and “504s”) rose to the occasion. Their 

fleets are estimated at about 6,026 vehicles, while that of regular taxis also swelled to about 8,000 

vehicles, with yet another solution (communal taxis or “wôro-wôrôs”) accounting for another 

11,971 units. Not only did these informal businesses fill a gap to serve the needs of those needing 

transportation, but they also illustrated the immense opportunities for integration and 

formalization of new economic initiatives in the city.  

 

Mobile communications play a significant, though perhaps obfuscated, role in the scaling up in 

scope and quality of informal urban businesses into modern economic sectors. In a tumultuous 

economy, where little is guaranteed day-to-day, mobile phones make possible real-time 

coordination of logistical changes that rely on weather and event conditions, knowledge of flux in 

consumer demand, and inventories (such as a van). The ability to transfer valuable information in 

real time, can allow Ivoirians to make more informed decisions as part of their business practices. 

New pricing models and innovative uses of telecommunication services may provide the means 

to make these businesses visible, measurable and scalable, while preserving their economic basis 

and essential services to the public. Such measures may also promote greater trust and 

satisfaction at the urban level and new economic models that can be exported to other cities 

across Côte d’Ivoire and beyond. 

 

Promoting Social Connectivity for Development 

We have noted that some of the challenges of development in Côte d’Ivoire, as in other 

developing nations, may result from a lack of appropriate socioeconomic integration capable of 

encouraging individual specialization and interdependence, from the level of the firm to that of 

the nation. 

 

We now turn the problem around and suggest that the role of mobile communications in 

developing societies may be changed from diagnostic to cure: If the problem is the promotion of 

certain kinds of social connectivity, then new uses and subscriber models should help promote 

desirable solutions. Moreover, the interplay between observable social connectivity patterns and 

economic performance is, as we showed here, in principle observable.  This provides a new 

opportunity for creating a feedback process between experimentation of products that encourage 

social connectivity and performance assessment. This is, we propose, the crucial new dual role 

that telecommunications can play in (developing) societies, as both social “sensors” and 

“connectors”, or, put another way, as both diagnostics and potential cures.  
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At the national level, greater integration may be obtained by promoting better coverage and 

product adoption in rural areas and by attractively pricing long distance calling, especially with 

urban centers.  Economic activity could be further promoted with subscription plans that 

emphasize these properties targeted at businesses. Calling distant and rural areas from urban 

centers, and promoting urban solutions related to issues of modern technological practices in 

agriculture, services, telemedicine, and telebanking may help spread urban know-how to poor and 

remote areas. In return primary sector increase in productivity may substitute for food and other 

material imports and enlarge the opportunities for exports.  Mobile phones have the potential to 

play a critical role in this type of information transfer. 

   

Inside cities, problems seem to be less predicated on the lack of overall connectivity, but rather on 

the promotion of its uses for socioeconomically productive ends. A related question is how to 

encourage better urban services at larger scales, by exploring latent economies of scale.  Calls and 

messaging that can convey information about urban services, and help organize the public to 

demand their improvement could be made very inexpensive, for example. Crowd-sourced and 

volunteered geographic information (VGI) models for sharing information about the quality and 

quantity of public services can be made visible beyond the city and nation to leverage external 

influence to promote better organizational, political and technological sustainable solutions. A 

system for demanding and rating the quality of public services, such as police, and to create e.g. 

crime hot-spot maps, that are visible not only to urbanites directly involved, but to the world at 

large can also create a system of incentives for development. Mobile telecommunications have 

allowed each individual to be a journalist and reporter; while quality control is essential, this 

holds enormous possibility to bring problems to the light of day and promote coordinated larger 

scale solutions through political and civic organization. This bottom-up type of information 

transfer not only adds more eyes to gather information, but can sidestep traditional government 

and media outlets that may not be sufficiently lubricated to gather and let information flow 

quickly and freely throughout a nation.  

 

Finally, subscriber pricing models that encourage the formation of visible and formal small firms, 

by shifting the structure of corporate transaction costs, may help create a culture of small formal 

entrepreneurship that is the basis of most job creation and innovation in developed societies. This 

may be achievable by lowering the costs of communication for small formal businesses with one 

other, and raising costs for private individuals, in relative terms, at least. The role of 

telecommunications in making financial transactions more transparent and formal is also an area 

that holds much promise in cash fund transfer models and small to medium-scale financing 

(Sullivan 2007) through the use of mobile devices, for example.   

 

Discussion 

 

Mobile telecommunications have quickly come to dominate most distant human interactions, 

playing a fundamental new role in the communication of information and the coordination of 

social and economic activities in human societies. In Côte d’Ivoire, this market is presently 

exploited by four operators, which share more than 9 million subscribers, out of a population of 

about 20 million. Of these, Orange claims a number of about 5 million subscribers (Blondel et 

al., 2012). Thus, issues resulting from variable regional market share and biased geographical 

coverage may affect our results. This information was not provided with the data for the D4D 

challenge but should be incorporated in future analyses in order to make scientific findings 

reliable and useful. 

 

Beyond these important empirical issues, we proposed here a framework to formalize 

socioeconomic development in terms of measurable telecommunications network data at three 
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levels of aggregation: individuals and firms, cities, and the urban system.  We gave evidence from 

the data from the D4D Challenge for Côte d’Ivoire that lack of socioeconomic integration is 

likely a general factor impeding development and suggested both diagnostics and solutions to 

promote the dynamics of connectivity and information exchange that can encourage processes of 

sustainable development.   

 

A telephone call results from a mutual desire to transfer information over geographic space. 

Studies show that in developing countries, the telephone is used more often for personal reasons 

than for business (Donner 2009). Yet, in the informal economy, many social or business ties can 

be hard to distinguish. Most calls take place during business hours, with clear increases in call 

volumes between 9:00am and 5:30pm, suggesting that a large part of all calls relate, to some 

extent, to business (Fig 7).  

 

 
 

Fig. 7: Temporal patterns of total call volume and call duration (in minutes) for phone activity in 

the study period shows a spike during business hours, and another spike in the evening.  

 

Information transfer is important to organize both formal and informal economic activity. For 

example, communication is important for finding work for day laborers. In this case, calls may 

help organize information about job availability, conditions for work (e.g. weather, daily pay), 

availability and price of market goods (e.g.. crops) for sale. In a formal economy, these calls may 

be less necessary because there are longer-term (labor) arrangements and organizations that 

ensure the reduction of transaction costs in economic activities. In this case, other forms of 

communication may take their place as economic interdependence between individuals and firms 

in more complex economies develops. Thus, a change in communication patterns relating to 

social and economic activities is a necessary condition for development.  

 

In this light we articulated general characterizations of the telecommunications network in Côte 

d’Ivoire at three levels of analysis, from the national urban system to cities to individuals and 

firms. At each of these levels we proposed types of change in social interactivity patterns that 
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may encourage dynamics of development and suggested how these may be spurred by 

telecommunication services that explicitly target such opportunities. 

   

Clearly these hypotheses will require extensive testing and refinement, and access to more data 

over time and with more careful consideration of important socioeconomic units of analyses, 

from individuals to businesses and places.  As this is done, however, we believe that network 

analysis of big human interaction data can start delivering on its potential to be a transformative 

tool to promote the socioeconomic development of all human societies. 

 

Materials and Methods  
 

Telecommunication Data Sources 

Call Detail Records (CDR) from Côte d’Ivoire for the period between December 2011 – April 

2012 are provided by Orange within the framework of the Data for Development (D4D) 

Challenge. Origin and destination of cell towers are identified by their longitude and latitude 

locations within Côte d’Ivoire; 1231 cell tower locations are also provided by the Orange D4D 

Challenge. Of these, 1094 are associated with either an incoming or outgoing call during the 

period. Calls that originate from a “-1” tower were eliminated from our analyses  

 

Only pairs of cell towers exchanging 50 or more calls over 5 month are included in our analysis. 

All calls are directed from caller to recipient locations. Data is processed using the R statistical 

software package (The R Foundation, 2008). 

 

Demographic Assignment 

The population of Côte d’Ivoire is assigned to each of 1231 cell tower locations provided by the 

Orange D4D Challenge using population grid data provided by Afripop.org. In this dataset, each 

grid cell in the raster contains a value. We estimate a 30 kilometer range from each cell tower 

point (assuming GSM typical ranges), which captures a total of 18,842,000 people, and renders 

256,411 out of range.
 
Each person is assigned to the cell tower closest to his or her home location 

(e.g. through a Voronoi/Thiessen polygon).  

 

Geographic Aggregation and Connectivity Patterns 

Lines and self-loops between administrative units are created for visualization in the ESRI 

ArcGIS 10.1 environment. The geographic coordinate system used is GCS-WGS-1984 and 

projection is “GCS-Côte-d-Ivoire”.  

 

Calls and population are then aggregated to one of 235 prefectures and one of 50 districts, based 

on the location of the cell tower. If the cell tower location falls within the boundaries of these 

administrative units, their call data (number of incoming calls, number of outgoing calls, and 

population) is summed within the unit.  

 

Similarly, Abidjan is divided into communes and geocoded from a number of maps of the area 

(provided by Microsoft Bing and Google Maps). The set of geographic units consists of 10 

communes, as well as three suburbs, Bingerville, Songon and Anyama. Calls are then aggregated 

based on cell towers within these spatial units. 

 

Prefecture-to-prefecture calls range from 101 calls (exhibited by many prefecture pairs, such as 

M'Bengue to Toumodi) to 105,351,197 calls that both originated from and were received in 

Abidjan. District-to-district calls range from 101 calls (exhibited by three district pairs such as 

Danane to Adzope) and are also at a peak with internal Abidjan calls.  

 



14 

 

 

Acknowledgements 

This research was partially supported by the John Templeton Foundation (grant no. 15705), the 

Bill and Melinda Gates Foundation (grant no. OPP1076282), the Rockefeller Foundation, the 

James S. McDonnell Foundation (grant no. 220020195), the National Science Foundation (grant 

no. 103522), the Army Research Office (grant no. W911NF-121-0097) and by a gift from the 

Bryan J. and June B. Zwan Foundation. We acknowledge Vincent Blondel &  the Data for 

Development (D4D) Challenge sponsored by Orange for the opportunity to work with these data 

and Jose Lobo for his input.  

  



15 

 

References  
 

1. Acemoglu, D., Johnson, S. and Robinson, J. A. (2005) Institutions as a fundamental cause of long-run 

growth, in: P. Aghion and S. N. Durlauf (Eds.) Handbook of Economic Growth, pp. 385-472, 

Amsterdam: Elsevier North-Holland. 

 

2. Angel, S. (2012) Planet of Cities. Cambridge, MA: Lincoln Land Institute.   

 

3. Arrow, K. J. (1962) The Economic Implications of Learning by Doing, The Review of Economic 

Studies, 29(3), 155-173. 

 

4. Barro, R.J. and Sala-i-Martin, X.I. (2003) Economic Growth. Cambridge, MA: MIT Press.  

 

5. Bettencourt, L. M. A., Lobo, J., Helbing, D., Kühnert, C. and West, G. B. (2007) Growth, Innovation, 

Scaling, and the Pace of Life in Cities, Proceedings of the National Academy of Sciences, 104(17), pp. 

7301-7306. 

 

6. Bettencourt, L. M. A. and West, G. (2010) A Unified Theory of Urban Living, Nature, 467(7318), pp. 

912-913.  

 

7. Bettencourt, L.M.A. (2012) The Origin of Scaling in Cities, Working Paper, Santa Fe Institute. 

 

8. Bettencourt L.M.A., Samaniego, H. and Youn, H. (2012) Professional Diversity and the Productivity 

of Cities, arXiv preprint arXiv:1210.7335. 

 

9. Blondel, V. D., Esch, M., Chan, C., Clerot, F., Deville, P., Huens, E. and Ziemlicki, C. (2012) Data for 

Development: the D4D Challenge on Mobile Phone Data, arXiv preprint arXiv:1210.0137. 

 

10. Christaller, W. (1966) Central Places in Southern Germany. New York: Prentice Hall.   

 

Coase, R. H. (1937) The nature of the firm, Economica, 4(16), pp. 386-405. 

 

11. Direction des Services Socioculturels et de la Promotion Humaine de la Mairie du Plateau (2009), 

Rapport sur le Context Socio-Economique en Côte d’Ivoire. Centre International de Formation 

Europeenne. 

 

12. Donner, J. (2009) Blurring Livelihoods and Lives: The Social Uses of Mobile Phones and 

Socioeconomic Development, Innovations: Technology, Governance, Globalization, 4(1), pp. 91-101. 

 

13. Duflo, E. and Banerjee, A. (2011) Poor Economics. Jackson: Public Affairs. 

 

14. Eagle, N., de Montjoye, Y. A., and Bettencourt, L. M. A. (2009) Community Computing: Comparisons 

between Rural and Urban Societies using Mobile Phone Data. In IEEE International Conference on 

Computational Science and Engineering, August 2009. CSE09. Vol. 4, pp. 144-150. 

 

15. Eagle, N., Macy, M. and Claxton, R. (2010) Network Diversity and Economic Development, Science, 

328(5981), pp. 1029-1031. 

 

16. Easterley, W.R. (2002) The Elusive Quest for Growth. Cambridge: MIT Press. 

 

17. The Economist Online "The Urbanization Trap" The Economist, The Economist Newspaper Limited, 2 

Oct. 2012. Web. 30 Mar. 2013. 

 

18. Fujita, M., Krugman, P. and Venables, A.J. (2001) The Spatial Economy: Cities, Regions, and 

International Trade. Cambridge: MIT Press.  

 



16 

 

19. Hall, P. (1998) Cities in Civilization. New York, NY: Pantheon. 

 

20. Hayek, F. A. (1945) The Use of Knowledge in Society, The American Economic Review, 35(4), pp. 

519-530. 

 

21. Hidalgo, C., Klinger, B., Barabasi, A-L. and Hausmann, R. (2007) The Product Space Conditions the 

Development of Nations, Science, 317(5837), pp. 482-487. 

 

22. Holston, J. (2008) Insurgent Citizenship. Princeton: Princeton University Press.  

 

23. Ilahiane, H. and Sherry, J. (2008) Joutia: Street Vendor Entrepreneurship and the Informal Economy of 

Information and Communication Technologies in Morocco, The Journal of North African Studies, 

13(2), pp. 243-255. 

 

24. International Monetary Fund (2009) Côte d’Ivoire: Poverty Reduction Strategy Paper, IMF Country 

Report No. 09/156. International Monetary Fund, Washington, D.C.  

 

25. Jacobs, J. (1970) The Economy of Cities. New York: Jonathan Cape Ltd. 

 

26. Jones, C.I. and Romer, P. (2010) The New Kaldor Facts: Ideas, Institutions, Population, and Human 

Capital, American Economic Journal: Macroeconomics, 2(1), pp. 224-245. 

 

27. Leontief, W. (1986) Input-Output Economics. New York: Oxford University Press. 

 

28. Losby, J. L., Else, J. F., Kingslow, M. E., Edgcomb, E. L., Malm, E. T. and Kao, V. (2002) Informal 

Economy Literature Review. Institute for Social and Economic Development (ISED) and 

Microenterprise Fund for Innovation, Effectiveness, Learning, and Dissemination (FIELD).  

 

29. Lösch, A. (1954) The Economics of Location. New Haven: Yale University Press. 

 

30. Mori, T., Nishikimi, K. and Smith, T. E. (2008) The Number Average Size Rule: A New Empirical 

Relationship between Industrial Location and City Size, Journal of Regional Science, 48(1), pp. 165-

211. 

 

31. Patel, S., Burra, S., & d’Cruz, C. (2001). Slum/Shack Dwellers International (SDI)-Foundations to 

Treetops, Environment and Urbanization, 13(2), pp. 45-59. 

 

32. Programme des Nations Unies pour le Développement (PNUD) (2003) Rapport National sur le 

Développement Humain en Côte d’Ivoire 2004 Cohesion Sociale et Reconstruction Nationale. 

 

33. The R Foundation (2008). R: A language and environment for statistical computing. R Foundation 

Statistical Computing. 

 

34. Romer, P. M. (1994) The Origins of Endogenous Growth, The Journal of Economic Perspectives, 8(1), 

pp. 3-22. 

 

35. Robertson, C., Sawford, K., Daniel, S. L., Nelson, T. A., and Stephen, C. (2010). Mobile Phone–Based 

Infectious Disease Surveillance System, Sri Lanka, Emerging Infectious Diseases, 16(10), 1524. 

 

36. Sarcevic, A., Palen, L., White, J., Starbird, K., Bagdouri, M., & Anderson, K. (2012, February). 

Beacons of Hope in Decentralized Coordination: Learning from on-the-ground Medical Twitterers 

during the 2010 Haiti Earthquake. In Proceedings of the ACM 2012 Conference on Computer 

Supported Cooperative Work. pp. 47-56.  

 

37. Schläpfer, M., Bettencourt, L., Raschke, M., Claxton, R., Smoreda, Z., West, G. B. and Ratti, C. 

(2012) The Scaling of Human Interactions with City Size, arXiv preprint arXiv:1210.5215.  



17 

 

 

38. Sen, A. (1999) Development as Freedom. New York: Alfred A. Knopf.  

 

39. Shannon, C. E. (1948) A Mathematical Theory of Communication, The Bell System Technical Journal, 

27, pp. 379-423, 623-656.  

 

40. Sleuwaegen, L. and Goedhuys, M. (2002) Growth of firms in developing countries, evidence from 

Côte d’Ivoire, Journal of Development Economics, 68(1), pp. 117–135. 

 

41. Starbird, K. and Palen, L. (2011) Voluntweeters: Self-organizing by Digital Volunteers in Times of 

Crisis. In Proceedings of the ACM Annual Conference on Human Factors in Computing Systems, pp. 

1071-1080. 

 

42. Sullivan, N. (2007) You Can Hear Me Now: How Microloans and Cell Phones are Connecting the 

World's Poor to the Global Economy. San Francisco: Jossey-Bass. 

 

43. Yoneki, E. (2011) FluPhone Study: Virtual Disease Spread using Haggle. In Proceedings of the 6th 

ACM Workshop on Challenged Networks, pp. 65-66. 

 

 

 


	andris
	ANDRIS pdf

