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mobile phone networks:  
a massive, global source of data on human mobility

There are now more mobile phones in use than there are people in the world to use them

mobile phones: excellent potential source of information about population distributions and movements
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Natural disasters, disease outburst, terrorist attacks:  
knowing where people are, and when, is key for planning response.  

Need for accurate, spatially-explicit, high resolution maps of population distributions through time!

Population distribution details are usually drawn from a census. 
- Typically every several years - details quickly become inaccurate or incomplete 
- In many poorer countries census data can be especially outdated 
- Anyway, a census only provides static information 

Mobile phones can provide invaluable data  
- The call connection records are updated at high speed 
- The anonymous ID of the user, the time and the location of the routing tower are potentially available 

Obvious (solvable) issues of privacy and commercial interests.!

!

Use of data from mobile networks could become a routine practice, in collaboration with 
governments, providing better understanding of population dynamics and response to crisis.!

In a wider sense, mobile phone data are driving a new “computational social science”

mobile phone networks:  
potential and opportunities
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During the past few decades, technologies such as remote sensing,
geographical information systems, and global positioning systems
have transformed the way the distribution of human population is
studied and modeled in space and time. However, the mapping of
populations remains constrained by the logistics of censuses and
surveys. Consequently, spatially detailed changes across scales of
days, weeks, or months, or even year to year, are difficult to assess
and limit the application of human population maps in situations
in which timely information is required, such as disasters, conflicts,
or epidemics. Mobile phones (MPs) now have an extremely high
penetration rate across the globe, and analyzing the spatiotem-
poral distribution of MP calls geolocated to the tower level may
overcome many limitations of census-based approaches, provided
that the use of MP data is properly assessed and calibrated. Using
datasets of more than 1 billion MP call records from Portugal and
France, we show how spatially and temporarily explicit estima-
tions of population densities can be produced at national scales,
and how these estimates compare with outputs produced using
alternative human population mapping methods. We also dem-
onstrate howmaps of human population changes can be produced
over multiple timescales while preserving the anonymity of MP
users. With similar data being collected every day by MP network
providers across the world, the prospect of being able to map
contemporary and changing human population distributions over
relatively short intervals exists, paving the way for new applica-
tions and a near real-time understanding of patterns and pro-
cesses in human geography.

population distribution | phone calls | human mobility | census |
remote sensing

Our knowledge of human population numbers and distribu-
tion for many areas of the world remains poor (1) despite

their importance for policy (2, 3), operational decisions (4), and
research (5–7) across many fields. In the 1990s, a growing in-
terest in the global mapping of human populations emerged (8,
9), leading to the advanced development of methodologies that
undertake the spatial downscaling of human population count
data from censuses summarized over large and irregular ad-
ministrative units to grid squares of 100 m to 5 km resolution
(10–16). Initial efforts to downscale these data used simple areal
weighting methods (10, 17) or dasymetric modeling approaches
(13–15), which use ancillary layers to redistribute population
counts within administrative units (18). Modeling techniques
that spatially downscale population numbers into gridded data-
sets continue to be refined, with basic dasymetric models in-
creasing in sophistication, incorporating multiscale remotely
sensed and geospatial data and making improvements in the type
of statistical algorithms used in the modeling process (19–21).
These detailed population databases have proven crucial for
studies reliant on information about human population dis-
tributions, typically for calculating populations at risk for human
or natural disasters (22–24), to assess vulnerabilities (7, 25), or to

derive health and development indicators (3, 5, 26, 27). However,
despite improvements, these data still have many limitations.
Regardless of how sophisticated these methods are, they re-

main largely constrained by population count data from censuses
that form the basis for the estimation of population distributions
across large areas (10–17). Although the increasing use of global
positioning and geographical information system technologies
has supported the improved collection of census data and their
processing, censuses remain an infrequent and expensive source
of detailed population data. Moreover, for many low-income
countries, the unreliability of estimates, low spatial resolution,
and complete lack of contemporary data represent further lim-
itations. These restrictions mean that the latest health indicators
or estimates of populations at risk often may be based on out-
dated and coarse input population data (26, 28, 29), a particu-
larly restrictive feature when accurate contemporary numbers
may be required for disaster impact assessments, epidemic
modeling, or conflict relief planning. Human populations are
dynamic, moving daily, seasonally, and annually, resulting in
rapidly changing densities. Attempts have been made to model
and map these dynamics for high-income countries (20, 30), but
the data streams upon which such models are based currently are
unavailable to most of the world, particularly resource-poor regions.
The proliferation of mobile phones (MPs) offers an un-

precedented solution to this data gap. The global MP penetration

Significance

Knowing where people are is critical for accurate impact
assessments and intervention planning, particularly those fo-
cused on population health, food security, climate change,
conflicts, and natural disasters. This study demonstrates how
data collected by mobile phone network operators can cost-
effectively provide accurate and detailed maps of population
distribution over national scales and any time period while
guaranteeing phone users’ privacy. The methods outlined may
be applied to estimate human population densities in low-
income countries where data on population distributions may be
scarce, outdated, and unreliable, or to estimate temporal var-
iations in population density. The work highlights how facili-
tating access to anonymized mobile phone data might enable
fast and cheap production of population maps in emergency
and data-scarce situations.
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and data-scarce situations.
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Republic of the Congo (DRC), the most recent census was un-
dertaken in 1984 and data are available only at the level of
territories (i.e., administrative units of 12,466 km2 on average).
However, in the DRC, the MP penetration rate, although bi-
ased toward certain demographic groups, is relatively high
[69% on average by the end of 2014 in Africa (31)], and the MP
approach would produce considerable improvements in current
knowledge of how population is distributed in the country.
Even if at present the most remote and isolated populations
may not have reception in some low-income countries, pos-
sibly affecting the ability to produce a comprehensive coun-
trywide map, network coverage continues to grow at a rapid
rate everywhere.
Applying the approach to countries such as the DRC, where

reliable training data may not be available, requires some adjust-
ments and assumptions, particularly regarding the relation between
the MP user density and the population density, through estimates
for the parameters α and β. This relation indeed may vary among
and within countries according to the penetration rate of the net-
work operator and phone use behaviors. Network access costs and
cultural differences among countries may, for instance, result in
communication via text messages being preferred over calls in
some countries. Such differential phone use among countries
might largely be accounted for by adjusting total populations by
using national population counts. A further complication is
that phone use and penetration rates rarely are uniform within
countries. In France, the general penetration rate varies from
62.8 in the Franche-Comté region to 117.9 in Ile-de-France,
according to the Autorité de Régulation des Communications
Electroniques et des Postes (www.arcep.fr; accessed February 2,
2014). Such regional MP ownership information generally is
available either from independent bodies such as regulators or
phone operators themselves, or may be estimated through na-
tional household surveys, such as the Demographic and Health
Surveys (dhsprogram.com; accessed April 1, 2014), and give a
first indication of potential phone use variations among regions.
The spatially stratified cross-validation procedure used here
enables assessment of the impact of regional variations on model
parameters in Portugal (SI Appendix, section B) and France (SI
Appendix, section C.4), as well as the impact of such variation on
population mapping accuracies (SI Appendix, section B.3). Spa-
tial variations in phone use behaviors also may be the result of
economic, social, demographic, or cultural characteristics that
may be spatially clustered, therefore biasing population density

estimates. Although a complete analysis of such potential biases
is beyond the scope of this study, here we showed that phone
use behaviors were relatively stable across space and time in
Portugal and that a large part of the variation is correlated with
population density and therefore is captured by the coefficient β
(SI Appendix, section C.3).
To be applied widely and to facilitate the acquisition of MP

data, the method outlined here may be simplified by using the
density of phone calls instead of the density of different users
over a certain time window. Even if the resulting population
density datasets are marginally less accurate, this approach
allows the method to become independent from user identifier
data and further reduces privacy concerns (SI Appendix, section
C.2). Similarly, using daily-aggregated data instead of night data
again reduces the accuracy of estimates marginally, although
notably simplifying the acquisition and processing of MP data.
The observed robustness of the MP method offers promise for

extension of the mapping to other countries and network pro-
viders. However, applying the method to low-income countries
where penetration rates are increasing rapidly but still exclude an
important fraction of the population would require further sen-
sitivity analyses of the impact of phone use inequalities, espe-
cially as marginalized populations also are the most vulnerable to
disasters, outbreaks, and conflicts. Mobility estimates in Kenya
were found to be surprisingly robust to the substantial biases in
phone ownership across different geographical and socioeco-
nomic groups (65), but these results would need to be con-
firmed for population density estimates.
Mobile phone call data records are collected constantly by

network providers, but the potential of such data is demon-
strated only sporadically. A wider use of such data currently is
impeded principally by privacy and data access concerns. The
use of call data records does raise important privacy concerns
linked to fundamental questions of personal freedom and ethics.
Studies of individual mobility patterns provide little anonymity,
as the movements of individuals can be reconstructed in time and
space, even if spatially and temporally coarsened datasets are
used (66). Here, by using only phone call activity aggregated by
towers, neither individual data nor connections between towers
are used, guaranteeing the privacy of MP users. A facilitated
access to anonymized and aggregated forms of these data would
greatly improve our knowledge of human population distributions
and movements. Network providers sometimes are reticent to
share their data because of privacy and marketing concerns.
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Fig. 3. Seasonal changes in population distribution
in Portugal and France. (A) Location of Portugal and
France in western Europe. (B–E) Relative difference
in predicted population density between the main
holiday period (July and August) and the working
period (September to June) by administrative unit
level 5 (ADM-5) in (B) continental Portugal and (C)
metropolitan France. (D) Close-up around Lisbon
with labels showing the city center of Lisbon and the
seaside resort Costa da Caparica. (E) Close-up around
Paris with labels showing the busiest airport in the
country (Paris Charles de Gaulle), one of the most
visited places in France (Palace of Versailles), and two
popular recreation areas (Disneyland and Asterix Park).
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first examples

• One billion mobile calls database from France and Portugal 
• Map population distribution at the country scale 
• Reveal spatio-temporal patterns of population distribution   
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Electronic databases, from phone to e-mails logs, currently provide
detailed records of human communication patterns, offering novel
avenues to map and explore the structure of social and commu-
nication networks. Here we examine the communication patterns
of millions of mobile phone users, allowing us to simultaneously
study the local and the global structure of a society-wide commu-
nication network. We observe a coupling between interaction
strengths and the network’s local structure, with the counterin-
tuitive consequence that social networks are robust to the removal
of the strong ties but fall apart after a phase transition if the weak
ties are removed. We show that this coupling significantly slows
the diffusion process, resulting in dynamic trapping of information
in communities and find that, when it comes to information dif-
fusion, weak and strong ties are both simultaneously ineffective.

complex systems " complex networks " diffusion and spreading "
phase transition " social systems

Uncovering the structure and function of communication
networks has always been constrained by the practical

difficulty of mapping out interactions among a large number of
individuals. Indeed, most of our current understanding of com-
munication and social networks is based on questionnaire data,
reaching typically a few dozen individuals and relying on the
individual’s opinion to reveal the nature and the strength of the
ties. The fact that currently an increasing fraction of human
interactions are recorded, from e-mail (1–3) to phone records
(4), offers unprecedented opportunities to uncover and explore
the large scale characteristics of communication and social
networks (5). Here we take a first step in this direction by
exploiting the widespread use of mobile phones to construct a
map of a society-wide communication network, capturing the
mobile interaction patterns of millions of individuals. The data
set allows us to explore the relationship between the topology of
the network and the tie strengths between individuals, informa-
tion that was inaccessible at the societal level before. We
demonstrate a local coupling between tie strengths and network
topology, and show that this coupling has important conse-
quences for the network’s global stability if ties are removed, as
well as for the spread of news and ideas within the network.

A significant portion of a country’s communication network
was reconstructed from 18 weeks of all mobile phone call records
among !20% of the country’s entire population, 90% of whose
inhabitants had a mobile phone subscription [see supporting
information (SI) Appendix]. Whereas a single call between two
individuals during 18 weeks may not carry much information,
reciprocal calls of long duration between two users serves as a
signature of some work-, family-, leisure-, or service-based
relationship. Therefore, to translate the phone log data into a
network representation that captures the characteristics of the
underlying communication network, we connected two users
with an undirected link if there had been at least one recipro-
cated pair of phone calls between them (i.e., A called B, and B
called A) and defined the strength, wAB " wBA, of a tie as the

aggregated duration of calls between users A and B. This
procedure eliminates a large number of one-way calls, most of
which correspond to single events, suggesting that they typically
reach individuals that the caller does not know personally. The
resulting mobile call graph (MCG) (4) contains N " 4.6 # 106

nodes and L " 7.0 # 106 links, the vast majority (84.1%) of these
nodes belonging to a single connected cluster [giant component
(GC)]. Given the very large number of users and communication
events in the database, we find that the statistical characteristics
of the network and the GC are largely saturated, observing little
difference between a two- or a three-month-long sample. Note
that the MCG captures only a subset of all interactions between
individuals, a detailed mapping of which would require face-to-
face, e-mail, and land line communications as well. Yet, although
mobile phone data capture just a slice of communication among
people, research on media multiplexity suggests that the use of
one medium for communication between two people implies
communication by other means as well (6). Furthermore, in the
absence of directory listings, the mobile phone data are skewed
toward trusted interactions (that is, people tend to share their
mobile numbers only with individuals they trust). Therefore, the
MCG can be used as a proxy of the communication network
between the users. It is of sufficient detail to allow us to address
the large-scale features of the underlying human communication
network and the major trends characterizing it.

Results
The MCG has a skewed degree distribution with a fat tail (Fig.
1A), indicating that although most users communicate with only
a few individuals, a small minority talks with dozens (4, 7). If the
tail is approximated by a power law, which appears to fit the data
better than an exponential distribution, the obtained exponent
!k " 8.4 is significantly higher than the value observed for
landlines (! " 2.1 for the in-degree distribution; see refs. 8 and
32). For such a rapidly decaying degree distribution, the hubs are
few, and therefore many properties of traditional scale-free
networks (33), from anomalous diffusion (9) to error tolerance
(10), are absent. This decay is probably rooted in the fact that
institutional phone numbers, corresponding to the vast majority
of large hubs in the case of land lines, are absent, and in contrast
with e-mail, in which a single e-mail can be sent to many
recipients, resulting in well-connected hubs (1), a mobile phone
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conversation typically represents a one-to-one communication.
The tie strength distribution is broad (Fig. 1B), however, decay-
ing with an exponent !w ! 1.9, so that although the majority of
ties correspond to a few minutes of airtime, a small fraction of
users spend hours chatting with each other. This finding is rather
unexpected, given that fat-tailed tie strength distributions have
been observed mainly in networks characterized by global trans-
port processes, such as the number of passengers carried by the
airline transportation network (11), the reaction fluxes in met-
abolic networks (12), or packet transfer on the Internet (13), in
which case the individual f luxes are determined by the global
network topology. An important feature of such global f low
processes is local conservation: All passengers arriving to an
airport need to be transported away, each molecule created by
a reaction needs to be consumed by some other reaction, or each
packet arriving to a router needs to be sent to other routers.
Although the main purpose of the phone is information transfer
between two individuals, such local conservation that constrains
or drives the tie strengths are largely absent, making any
relationship between the topology of the MCG and local tie
strengths less than obvious.

Complex networks often organize themselves according to a
global efficiency principle, meaning that the tie strengths are
optimized to maximize the overall f low in the network (13, 14).
In this case the weight of a link should correlate with its
betweenness centrality, which is proportional to the number of
shortest paths between all pairs of nodes passing through it (refs.
13, 15, and 16, and S. Valverde and R. V. Sole, unpublished
work). Another possibility is that the strength of a particular tie
depends only on the nature of the relationship between two

individuals and is thus independent of the network surrounding
the tie (dyadic hypothesis). Finally, the much studied strength of
weak ties hypothesis (17–19) states that the strength of a tie
between A and B increases with the overlap of their friendship
circles, resulting in the importance of weak ties in connecting
communities. The hypothesis leads to high betweenness central-
ity for weak links, which can be seen as the mirror image of the
global efficiency principle.

In Fig. 2A, we show the network in the vicinity of a randomly
selected individual, where the link color corresponds to the
strength of each tie. It appears from this figure that the network
consists of small local clusters, typically grouped around a
high-degree individual. Consistent with the strength of weak ties
hypothesis, the majority of the strong ties are found within the
clusters, indicating that users spend most of their on-air time
talking to members of their immediate circle of friends. In
contrast, most links connecting different communities are visibly
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Fig. 1. Characterizing the large-scale structure and the tie strengths of the
mobile call graph. (A and B) Vertex degree (A) and tie strength distribution (B).
Each distribution was fitted with P(x) ! a(x " x0)#x exp(#x/xc), shown as a blue
curve, where x corresponds to either k or w. The parameter values for the fits
are k0 ! 10.9, !k ! 8.4, kc ! $ (A, degree), and w0 ! 280, !w ! 1.9, wc ! 3.45 %
105 (B, weight). (C) Illustration of the overlap between two nodes, vi and vj, its
value being shown for four local network configurations. (D) In the real
network, the overlap &O'w (blue circles) increases as a function of cumulative
tie strength Pcum(w), representing the fraction of links with tie strength
smaller than w. The dyadic hypothesis is tested by randomly permuting the
weights, which removes the coupling between &O'w and w (red squares). The
overlap &O'b decreases as a function of cumulative link betweenness centrality
b (black diamonds).
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Fig. 2. The structure of the MCG around a randomly chosen individual. Each
link represents mutual calls between the two users, and all nodes are shown
that are at distance less than six from the selected user, marked by a circle in
the center. (A) The real tie strengths, observed in the call logs, defined as the
aggregate call duration in minutes (see color bar). (B) The dyadic hypothesis
suggests that the tie strength depends only on the relationship between the
two individuals. To illustrate the tie strength distribution in this case, we
randomly permuted tie strengths for the sample in A. (C) The weight of the
links assigned on the basis of their betweenness centrality bij values for
the sample in A as suggested by the global efficiency principle. In this case, the
links connecting communities have high bij values (red), whereas the links
within the communities have low bij values (green).
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• The resulting ‘Mobile Call Graph’ (MCG): a proxy of the 

communication networkk between the users 
• MCG has a ‘fat tail’ (many talk to few, few talk to many) and 

few ‘hubs’ 
• Weight distribution is broad (many user pairs talk for few 

minutes, some for hours) 

conversation typically represents a one-to-one communication.
The tie strength distribution is broad (Fig. 1B), however, decay-
ing with an exponent !w ! 1.9, so that although the majority of
ties correspond to a few minutes of airtime, a small fraction of
users spend hours chatting with each other. This finding is rather
unexpected, given that fat-tailed tie strength distributions have
been observed mainly in networks characterized by global trans-
port processes, such as the number of passengers carried by the
airline transportation network (11), the reaction fluxes in met-
abolic networks (12), or packet transfer on the Internet (13), in
which case the individual f luxes are determined by the global
network topology. An important feature of such global f low
processes is local conservation: All passengers arriving to an
airport need to be transported away, each molecule created by
a reaction needs to be consumed by some other reaction, or each
packet arriving to a router needs to be sent to other routers.
Although the main purpose of the phone is information transfer
between two individuals, such local conservation that constrains
or drives the tie strengths are largely absent, making any
relationship between the topology of the MCG and local tie
strengths less than obvious.

Complex networks often organize themselves according to a
global efficiency principle, meaning that the tie strengths are
optimized to maximize the overall f low in the network (13, 14).
In this case the weight of a link should correlate with its
betweenness centrality, which is proportional to the number of
shortest paths between all pairs of nodes passing through it (refs.
13, 15, and 16, and S. Valverde and R. V. Sole, unpublished
work). Another possibility is that the strength of a particular tie
depends only on the nature of the relationship between two

individuals and is thus independent of the network surrounding
the tie (dyadic hypothesis). Finally, the much studied strength of
weak ties hypothesis (17–19) states that the strength of a tie
between A and B increases with the overlap of their friendship
circles, resulting in the importance of weak ties in connecting
communities. The hypothesis leads to high betweenness central-
ity for weak links, which can be seen as the mirror image of the
global efficiency principle.

In Fig. 2A, we show the network in the vicinity of a randomly
selected individual, where the link color corresponds to the
strength of each tie. It appears from this figure that the network
consists of small local clusters, typically grouped around a
high-degree individual. Consistent with the strength of weak ties
hypothesis, the majority of the strong ties are found within the
clusters, indicating that users spend most of their on-air time
talking to members of their immediate circle of friends. In
contrast, most links connecting different communities are visibly
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Fig. 1. Characterizing the large-scale structure and the tie strengths of the
mobile call graph. (A and B) Vertex degree (A) and tie strength distribution (B).
Each distribution was fitted with P(x) ! a(x " x0)#x exp(#x/xc), shown as a blue
curve, where x corresponds to either k or w. The parameter values for the fits
are k0 ! 10.9, !k ! 8.4, kc ! $ (A, degree), and w0 ! 280, !w ! 1.9, wc ! 3.45 %
105 (B, weight). (C) Illustration of the overlap between two nodes, vi and vj, its
value being shown for four local network configurations. (D) In the real
network, the overlap &O'w (blue circles) increases as a function of cumulative
tie strength Pcum(w), representing the fraction of links with tie strength
smaller than w. The dyadic hypothesis is tested by randomly permuting the
weights, which removes the coupling between &O'w and w (red squares). The
overlap &O'b decreases as a function of cumulative link betweenness centrality
b (black diamonds).
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Fig. 2. The structure of the MCG around a randomly chosen individual. Each
link represents mutual calls between the two users, and all nodes are shown
that are at distance less than six from the selected user, marked by a circle in
the center. (A) The real tie strengths, observed in the call logs, defined as the
aggregate call duration in minutes (see color bar). (B) The dyadic hypothesis
suggests that the tie strength depends only on the relationship between the
two individuals. To illustrate the tie strength distribution in this case, we
randomly permuted tie strengths for the sample in A. (C) The weight of the
links assigned on the basis of their betweenness centrality bij values for
the sample in A as suggested by the global efficiency principle. In this case, the
links connecting communities have high bij values (red), whereas the links
within the communities have low bij values (green).
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conversation typically represents a one-to-one communication.
The tie strength distribution is broad (Fig. 1B), however, decay-
ing with an exponent !w ! 1.9, so that although the majority of
ties correspond to a few minutes of airtime, a small fraction of
users spend hours chatting with each other. This finding is rather
unexpected, given that fat-tailed tie strength distributions have
been observed mainly in networks characterized by global trans-
port processes, such as the number of passengers carried by the
airline transportation network (11), the reaction fluxes in met-
abolic networks (12), or packet transfer on the Internet (13), in
which case the individual f luxes are determined by the global
network topology. An important feature of such global f low
processes is local conservation: All passengers arriving to an
airport need to be transported away, each molecule created by
a reaction needs to be consumed by some other reaction, or each
packet arriving to a router needs to be sent to other routers.
Although the main purpose of the phone is information transfer
between two individuals, such local conservation that constrains
or drives the tie strengths are largely absent, making any
relationship between the topology of the MCG and local tie
strengths less than obvious.

Complex networks often organize themselves according to a
global efficiency principle, meaning that the tie strengths are
optimized to maximize the overall f low in the network (13, 14).
In this case the weight of a link should correlate with its
betweenness centrality, which is proportional to the number of
shortest paths between all pairs of nodes passing through it (refs.
13, 15, and 16, and S. Valverde and R. V. Sole, unpublished
work). Another possibility is that the strength of a particular tie
depends only on the nature of the relationship between two

individuals and is thus independent of the network surrounding
the tie (dyadic hypothesis). Finally, the much studied strength of
weak ties hypothesis (17–19) states that the strength of a tie
between A and B increases with the overlap of their friendship
circles, resulting in the importance of weak ties in connecting
communities. The hypothesis leads to high betweenness central-
ity for weak links, which can be seen as the mirror image of the
global efficiency principle.

In Fig. 2A, we show the network in the vicinity of a randomly
selected individual, where the link color corresponds to the
strength of each tie. It appears from this figure that the network
consists of small local clusters, typically grouped around a
high-degree individual. Consistent with the strength of weak ties
hypothesis, the majority of the strong ties are found within the
clusters, indicating that users spend most of their on-air time
talking to members of their immediate circle of friends. In
contrast, most links connecting different communities are visibly
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Fig. 1. Characterizing the large-scale structure and the tie strengths of the
mobile call graph. (A and B) Vertex degree (A) and tie strength distribution (B).
Each distribution was fitted with P(x) ! a(x " x0)#x exp(#x/xc), shown as a blue
curve, where x corresponds to either k or w. The parameter values for the fits
are k0 ! 10.9, !k ! 8.4, kc ! $ (A, degree), and w0 ! 280, !w ! 1.9, wc ! 3.45 %
105 (B, weight). (C) Illustration of the overlap between two nodes, vi and vj, its
value being shown for four local network configurations. (D) In the real
network, the overlap &O'w (blue circles) increases as a function of cumulative
tie strength Pcum(w), representing the fraction of links with tie strength
smaller than w. The dyadic hypothesis is tested by randomly permuting the
weights, which removes the coupling between &O'w and w (red squares). The
overlap &O'b decreases as a function of cumulative link betweenness centrality
b (black diamonds).
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Fig. 2. The structure of the MCG around a randomly chosen individual. Each
link represents mutual calls between the two users, and all nodes are shown
that are at distance less than six from the selected user, marked by a circle in
the center. (A) The real tie strengths, observed in the call logs, defined as the
aggregate call duration in minutes (see color bar). (B) The dyadic hypothesis
suggests that the tie strength depends only on the relationship between the
two individuals. To illustrate the tie strength distribution in this case, we
randomly permuted tie strengths for the sample in A. (C) The weight of the
links assigned on the basis of their betweenness centrality bij values for
the sample in A as suggested by the global efficiency principle. In this case, the
links connecting communities have high bij values (red), whereas the links
within the communities have low bij values (green).
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Executive Summary

Mobile services have transformed African societies
Governments in SSA have successfully liberalised the telecommunications sector, and 
competition has increased service affordability. This has generated a remarkable rate of 
growth in the mobile market across the region, the highest worldwide.

Since 2000, the number of connections in SSA has grown by 44%, compared to an average 
of 34% for developing regions and 10% for developed regions as a whole. Mirroring the 
region’s economic expansion,  growth in mobile can reasonably be expected to continue in 
WKH�PHGLXP�WHUP��2SHUDWRUV�LQ�ÀYH�NH\�66$�PDUNHWV��1LJHULD��7DQ]DQLD��6RXWK�$IULFD��.HQ\D�
DQG�*KDQD��LQYHVWHG�86������ELOOLRQ�RYHU�WKH�SDVW�ÀYH�\HDUV�DQG�86�����ELOOLRQ�LQ�������0RVW�
of this investment has been focused on expanding network capacity, increasing the number of 
EDVH�VWDWLRQV�LQ�WKHVH�ÀYH�FRXQWULHV�E\������EHWZHHQ������DQG�������

7KLV�LQYHVWPHQW�LV�FULWLFDO�WR�WKH�FLWL]HQV�RI�66$��DV�PRELOH�VHUYLFHV�HIIHFWLYHO\�SURYLGH�DOO�
forms of telecommunications, to an extent not seen in any other part of the world. In SSA in 
������WKHUH�ZHUH����PRELOH�FRQQHFWLRQV�IRU�HDFK�À[HG�OLQH�VXEVFULSWLRQ�

Figure 1: Mobile connections, population and penetration in SSA since 2000; and map of mobile 
penetration, 2012
       

Over the past decade, sub-Saharan Africa 
(SSA), a region formed by 471 diverse 
countries with a combined population 
of over 830 million, has experienced 
significant economic growth. The region 
includes seven of the 10 fastest growing 
economies in the world.

Source: Wireless Intelligence

Source: Deloitte analysis
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2011, it is estimated that mobile operators and their associated ecosystems:

 ■ Had a direct economic impact of US$32 billion, including paying US$12 billion in taxes

 ■ Were associated with the creation of 4.4% of the region’s GDP when adding the effects of mobile 
technology on workers’ productivity

 ■ Created more than 3.5 million full-time equivalent (FTE) jobs across both the formal and informal sectors. 
While the telecommunications industry produces some of the highest paid formal sector employment 
in SSA, there are numerous other ways in which employment has flourished, including phone credit 
distribution networks, shops selling mobile phone airtime in small denominations, individual traders 
selling airtime cards in the streets, and small-scale (and often informal) shops selling, repairing and 
recharging mobile phones.

 ■ Supported the development of more than 50 tech hubs, labs, incubators and accelerators. This includes 
Nokia’s dedicated research centre in Nairobi, focused on understanding the needs of African mobile users, 
in order to develop regionally specific products and content.

1 Mayotte and Reunion were excluded from the analysis because of lack of data; South 
Sudan and Sudan will be part of a forthcoming report on Middle East and North Africa.

Source:	  flowminder.org
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• Mission is to improve public health and welfare in low- and 
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• Time span: from 6 weeks before to 5 months after event 
• Data from 282 million calls from 1.9 million individuals 
• Estimated: number of individuals displaced; timing of major 

population movements; areas of the country involved  
 
A retrospective study - what potential for real-time tracking?  
!

• Outflow of individuals from post-earthquake cholera outbreak 
focus area towards safe areas 

• Outcome of analysis available and usable within 12 hours  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Limitations and issues: 

• Natural disasters can affect the mobile network and power grids (hence recharging phones) 
• Mobile phones towers are much denser in residential areas; difficult tracking in rural areas 
• Cross-border flows are hard to track due to multiple network providers 
• Age and gender bias in phone ownership (e.g. elderly or - in some countries - women) 
• Ensure privacy in the face of multiple apps 
• Need for cooperation and coordination between different network providers

Improved Response to Disasters and Outbreaks by
Tracking Population Movements with Mobile Phone
Network Data: A Post-Earthquake Geospatial Study in
Haiti
Linus Bengtsson1*, Xin Lu1,2, Anna Thorson1, Richard Garfield3, Johan von Schreeb1
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Abstract

Background: Population movements following disasters can cause important increases in morbidity and mortality. Without
knowledge of the locations of affected people, relief assistance is compromised. No rapid and accurate method exists to
track population movements after disasters. We used position data of subscriber identity module (SIM) cards from the
largest mobile phone company in Haiti (Digicel) to estimate the magnitude and trends of population movements following
the Haiti 2010 earthquake and cholera outbreak.

Methods and Findings: Geographic positions of SIM cards were determined by the location of the mobile phone tower
through which each SIM card connects when calling. We followed daily positions of SIM cards 42 days before the
earthquake and 158 days after. To exclude inactivated SIM cards, we included only the 1.9 million SIM cards that made at
least one call both pre-earthquake and during the last month of study. In Port-au-Prince there were 3.2 persons per included
SIM card. We used this ratio to extrapolate from the number of moving SIM cards to the number of moving persons. Cholera
outbreak analyses covered 8 days and tracked 138,560 SIM cards. An estimated 630,000 persons (197,484 Digicel SIM cards),
present in Port-au-Prince on the day of the earthquake, had left 19 days post-earthquake. Estimated net outflow of people
(outflow minus inflow) corresponded to 20% of the Port-au-Prince pre-earthquake population. Geographic distribution of
population movements from Port-au-Prince corresponded well with results from a large retrospective, population-based UN
survey. To demonstrate feasibility of rapid estimates and to identify areas at potentially increased risk of outbreaks, we
produced reports on SIM card movements from a cholera outbreak area at its immediate onset and within 12 hours of
receiving data.

Conclusions: Results suggest that estimates of population movements during disasters and outbreaks can be delivered
rapidly and with potentially high validity in areas with high mobile phone use.

Please see later in the article for the Editors’ Summary.
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Mobile phone data to improve response to natural disasters

• Purpose: spatiotemporally detailed estimates of 
population displacements 

• Data from 12 million phones  
• Flows normalized to (high) baseline mobility 
• Flows scaled based on penetration rates and fine 

population density data from www.worldpop.org.uk!
• Estimated: Transition matrix: anomalous flow between all 

location pairs (defined at the administrative boundary 
level) 
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Mobile phone data to improve response to epidemic
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the  Potential  and  Challenge  of  Mobile  Network
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Abstract
Humans move frequently and tend to carry parasites among areas with endemic malaria
and into areas where local transmission is unsustainable. Human-mediated parasite mobil-
ity can thus sustain parasite populations in areas where they would otherwise be absent.
Data describing human mobility and malaria epidemiology can help classify landscapes
into parasite demographic sources and sinks, ecological concepts that have parallels in
malaria control discussions of transmission foci. By linking transmission to parasite flow, it
is possible to stratify landscapes for malaria control and elimination, as sources are dispro-
portionately important to the regional persistence of malaria parasites. Here, we identify
putative malaria sources and sinks for pre-elimination Namibia using malaria parasite rate
(PR) maps and call data records from mobile phones, using a steady-state analysis of a
malaria transmission model to infer where infections most likely occurred. We also exam-
ined how the landscape of transmission and burden changed from the pre-elimination set-
ting by comparing the location and extent of predicted pre-elimination transmission foci with
modeled incidence for 2009. This comparison suggests that while transmission was spa-
tially focal pre-elimination, the spatial distribution of cases changed as burden declined.
The changing spatial distribution of burden could be due to importation, with cases focused
around importation hotspots, or due to heterogeneous application of elimination effort.
While this framework is an important step towards understanding progressive changes in
malaria distribution and the role of subnational transmission dynamics in a policy-relevant
way, future work should account for international parasite movement, utilize real time sur-
veillance data, and relax the steady state assumption required by the presented model.
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ined how the landscape of transmission and burden changed from the pre-elimination set-
ting by comparing the location and extent of predicted pre-elimination transmission foci with
modeled incidence for 2009. This comparison suggests that while transmission was spa-
tially focal pre-elimination, the spatial distribution of cases changed as burden declined.
The changing spatial distribution of burden could be due to importation, with cases focused
around importation hotspots, or due to heterogeneous application of elimination effort.
While this framework is an important step towards understanding progressive changes in
malaria distribution and the role of subnational transmission dynamics in a policy-relevant
way, future work should account for international parasite movement, utilize real time sur-
veillance data, and relax the steady state assumption required by the presented model.
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Ebola and big data

Waiting on hold
Mobile-phone records would help combat the Ebola epidemic. But getting to look at
them has proved hard

Oct 25th 2014

IN THE battle against Ebola, mobile phones could
be invaluable—not just in themselves, as devices
that can be used to send people public-health
information or let them call helplines, but also
because of the data they generate. Phone
companies use call-data records, or CDRs, to
manage their networks and bill their customers.
These records include a caller’s identity, the time
of the call, the phone tower that handled it and the number called. Other data which the firms
collect can identify where a phone is even if it is not being used, because phones constantly send
out signals so that their location is known, to enable them to receive calls.

CDRs can therefore tell epidemiologists where people have been, when—and perhaps also where
they are headed, based on their past movements. Analysing the records has proved helpful in
tracking the spread of diseases on previous occasions.

For instance, a study conducted by the Karolinska Institute, in Stockholm, in the wake of the
earthquake and cholera outbreak in Haiti in 2010, used CDRs from almost 2m subscribers,
gathered over the course of 200 days, to provide a more accurate measure of where people fled
than official estimates could manage. Another piece of research, published in Science in 2012 by
researchers at Carnegie Mellon University, Harvard and elsewhere analysed a year’s worth of
CDRs from 15m Kenyans. This suggested that many cases of malaria in Nairobi did not actually
start in that city but were carried there from elsewhere. The telephone data were, moreover, able
to identify the places that had the highest probability of spreading the disease—useful
information for Kenya’s hard-pressed health service. And, in a third example of the value of
CDRs in analysing epidemics, Vanessa Frías-Martínez and others at Telefonica Research in
Madrid showed that, during the Mexican swine-flu epidemic in 2009, medical alerts did not
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To investigate the dynamics of social networks and the formation and evolution of online communities in
response to extreme events, we collected three datasets from Twitter shortly before and after the 2011
earthquake and tsunami in Japan. We find that while almost all users increased their online activity after the
earthquake, Japanese speakers, who are assumed to be more directly affected by the event, expanded the
network of people they interact with to a much higher degree than English speakers or the global average. By
investigating the evolution of communities, we find that the behavior of joining or quitting a community is
far from random: users tend to stay in their current status and are less likely to join new communities from
solitary or shift to other communities from their current community. While non-Japanese speakers did not
change their conversation topics significantly after the earthquake, nearly all Japanese users changed their
conversations to earthquake-related content. This study builds a systematic framework for investigating
human behaviors under extreme events with online social network data and our findings on the dynamics of
networks and communities may provide useful insight for understanding how patterns of social interaction
are influenced by extreme events.

U
nderstanding how human social behavior changes in response to extreme events like earthquakes, tsu-
namis or terrorist attacks is key to emergency response and recovery1,2. In this paper, we consider the
subset of human behavior that is demonstrated in the patterns, context and content of interactions

between individuals, especially those mediated by internet enabled devices. Observations of this behavior during
extreme events may provide insights into general behavior patterns during times of stress because links between
unobservable decisions and the observable actions taken in response to those decisions are more likely to be
temporally close due to the time sensitive nature of many extreme events. However, the study of human behavior
during extreme events has historically been hindered due to the limitation of available information during such
scenarios1.

Studies of behavior during extreme events have primarily been made retrospectively, e.g., through field surveys
or census sampling after the event3. For example, Elliott and Pais studied Hurricane Katrina’s influences on a wide
array of survivors’ responses, including evacuation timing and emotional support to housing and employment
situations and plans to return to prestorm communities4. Souza et al examined changes in the mental health status
of vulnerable communities after the 2004 Indian Ocean earthquake and tsunami5.

While retrospective studies are critical for understanding human behavior, limitations are also obvious: first,
retrospective studies are often made long after the event and cannot provide timely support for decision making
when the need is most urgent; and second, data is collected through surveys or interviews, introducing bias due to
reporting errors, recollection bias, and challenges identifying and accessing disaster-affected populations. To
overcome these issues, researchers have recently used more objective and timely data, generated from sensor
networks such as cell phone towers, to track individual mobility and population flow for large populations in real
time, providing a unique solution for disaster response and relief management2,6,7.
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A B S T R A C T

Climate change is likely to drive migration from environmentally stressed areas. However quantifying
short and long-term movements across large areas is challenging due to difficulties in the collection of
highly spatially and temporally resolved human mobility data. In this study we use two datasets of
individual mobility trajectories from six million de-identified mobile phone users in Bangladesh over
three months and two years respectively. Using data collected during Cyclone Mahasen, which struck
Bangladesh in May 2013, we show first how analyses based on mobile network data can describe
important short-term features (hours–weeks) of human mobility during and after extreme weather
events, which are extremely hard to quantify using standard survey based research. We then
demonstrate how mobile data for the first time allow us to study the relationship between fundamental
parameters of migration patterns on a national scale. We concurrently quantify incidence, direction,
duration and seasonality of migration episodes in Bangladesh. While we show that changes in the
incidence of migration episodes are highly correlated with changes in the duration of migration episodes,
the correlation between in- and out-migration between areas is unexpectedly weak. The methodological
framework described here provides an important addition to current methods in studies of human
migration and climate change.
ã 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Where climate change renders places less habitable and
productive, vulnerable populations often migrate (Black et al.,
2011; McLeman and Smit, 2006). It is critical to develop methods
for quantifying and modeling migration as a behavioral response to
climate-related weather extremes (Palmer and Smith, 2014).
However, this research is hampered by methodological difficulties

in data collection, difficulties in attributing individual migration
events to climate change, and by the large number of contextual
factors found to influence migration (Feng et al., 2010; Henry et al.,
2004; Mueller et al., 2014). Currently, representative household
surveys form the basis of the knowledge on climate-induced
migration (Black et al., 2013; Bohra-Mishra et al., 2014; Gemenne,
2011; Gray and Mueller, 2012). While household surveys are likely
to remain the methodological cornerstone of efforts to quantify the
sizes and causal mechanism behind climate-induced migration
patterns, they carry several limitations.

First, migration trajectories resulting from climate-related
impacts are highly complex and dynamic (Castles et al., 2005;

* Corresponding author at: Flowminder Foundation, Roslagsgatan 17, 113 55
Stockholm, Sweden.
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Disaster management requires accurate
information and must link data collection
and analysis to an immediate decision-
making process. Existing approaches to
assessing population movements in the
immediate aftermath of disasters, such as
transport surveys and manual registration
of individuals at emergency-relief hubs, are
often inadequate: while important for
record-keeping purposes, both are slow
and may exclude those groups who are
unreachable and most vulnerable. Proxy
analysis via aerial or even satellite recon-
naissance has a potentially useful role, but
can provide only a coarse geographical
picture of moving populations. In practice,
the most readily available sources of
information are from eye-witness or media
reports. Although timely, such reports are
not accumulated systematically and can
constitute a biased representation of events.

Mobile Phone Data Can
Describe Population
Movements

In recent years, awareness has grown of a
potentially revolutionary way of tracking
movement and mobility of human popula-
tions by exploiting data from mobile phone
networks. Calls or text messages sent from
mobile phones are routed via the nearest
network mast. If records of calls made by
individual phones are linked to data on
mast locations, then the approximate
whereabouts of potentially very large
numbers of mobile phones and, by proxy,
the users of those phones, can be deter-
mined. In turn, population movement can
be detected by identifying records for which
calls from the same phone are routed via
different masts over a period of time. The
approach is in its infancy but proof-of-
principle studies are emerging that demon-

strate its value in aiding understanding of
human movement patterns [1,2], inference
of social network structures [3], and
estimating malaria importation rates [4].
To date, however, the potential of mobile
phone data to support population tracking
in the chaotic aftermath of a major natural

disaster has not been explored. In a new
study published by Bengtsson and col-
leagues in PLoS Medicine this week [5], the
authors present an analysis of the efforts
undertaken to use mobile phone data to
estimate the major population displace-
ment that followed the catastrophic Haitian
earthquake of 12 January 2010.

Tracking Population
Displacement after the 2010
Haiti Earthquake

Bengtsson and colleagues retrospectively
obtained data for a period spanning six
weeks before the disaster to five months
after, including data from 282 million calls
from 2.8 million individual phones. By
making some simple assumptions about the
ownership of phones, they estimated the
numbers of individuals displaced, the
timing of major population movements,
and the areas of the country to which these
individuals travelled. The study team found
that their estimates were much closer to the
detailed results of a retrospective survey
than to the more ad-hoc earlier estimates
that were used during the crisis, suggesting
that the mobile phone data provide a more
detailed and robust picture of population
movement than was otherwise available
during the disaster response effort.

The Perspective section is for experts to discuss the
clinical practice or public health implications of a
published study that is freely available online.
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Linked Research Article

This Perspective discusses the fol-
lowing new study published in PLoS
Medicine:

Bengtsson L, Lu X, Thorson A,
Garfield R, von Schreeb J (2011)
Improved Response to Disasters
and Outbreaks by Tracking Popula-
tion Movements with Mobile Phone
Network Data: A Post-Earthquake
Geospatial Study in Haiti. PLoS Med
8(8): e1001083. doi:10.1371/journal.
pmed.1001083

Linus Bengtsson and colleagues
examine the use of mobile phone
positioning data to monitor popu-
lation movements during disasters
and outbreaks, finding that reports
on population movements can be
generated within twelve hours of
receiving data.
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Abstract— The recent adoption of ubiquitous computing tech-
nologies has enabled capturing large amounts of human behav-
ioral data. The digital footprints computed from these datasets
provide information for the study of social and human dynamics,
including social networks and mobility patterns, key elements
for the effective modeling of virus spreading. Traditional epi-
demiologic models do not consider individual information and
hence have limited ability to capture the inherent complexity
of the disease spreading process. To overcome this limitation,
agent-based models have recently been proposed as an effective
approach to model virus spreading. However, most agent-based
approaches to date have not included real-life data to characterize
the agents’ behavior. In this paper we propose an agent-based
system that uses social interactions and individual mobility
patterns extracted from call detail records to accurately model
virus spreading. The proposed approach is applied to study the
2009 H1N1 outbreak in Mexico and to evaluate the impact
that government mandates had on the spreading of the virus.
Our simulations indicate that the restricted mobility due the
government mandates reduced by 10% the peak number of
individuals infected by the virus and postponed the peak of the
pandemic by two days.

I. INTRODUCTION

Planning for a pandemic (e.g., H1N1, influenza, etc.) is a
public health priority of any government. Traditional epidemi-
ological approaches base their solutions on using differential
equations that divide the population into subgroups based
on socio-economic and demographic characteristics. Although
these models fail to capture the complexity and individuality
of human behavior, they have been extremely successful in
guiding and designing public health policies. The recent adop-
tion of agent-based modeling (ABM) approaches to simulate
pandemics has allowed to capture individual human behavior
and its inherent fuzziness by representing every person as
a software agent. The ABM model characterizes each agent
with a variety of variables that are considered relevant to
model virus spreading such as mobility patterns, social net-
work characteristics, socio-economic status, health status, etc.
Hence, ABM approaches need realistic data to create agents
that effectively capture human behavior. Typically this data is
obtained from the census or by means of surveys [1].

The adoption of ubiquitous computing technologies by very
large portions of the population (e.g. GPS devices, ubiquitous
cellular networks or geolocated services) has enabled captur-
ing large scale human behavioral data. These datasets contain

1Work done while author was an intern at Telefónica Research, Madrid.

information that is critical to accurately model the spread of a
virus, such as human mobility patterns or the social network
characteristics of each individual [2][1].

In this paper, we propose an ABM system designed to
simulate virus spreading using agents that are characterized
by their individual mobility patterns and social networks as
extracted from cell phone records. We carry out simulations
with data collected during the 2009 Mexican H1N1 outbreak
and measure the impact that government calls had on the
mobility of individuals and the subsequent effect on the spread
of the H1N1 virus. To the best of our knowledge, this is the
first time that this kind of real-life information is used in an
ABM system.

The remainder of this paper is organized as follows: Section
II discusses the related work regarding traditional disease
models and ABM simulation environments; Section III de-
scribes the infrastructure of a cell phone network and how cell
phone records are captured; our proposed ABM architecture
is presented in Section IV. Section V presents a case study
that evaluates the impact that government mandates regarding
mobility restrictions had on the spreading of the 2009 H1N1
virus outbreak in Mexico. Finally, we describe our conclusions
and outline our future work in Section VI.

II. RELATED WORK

A. Traditional Epidemic Disease Models
Traditional epidemic disease models are based on the SIR

model and its variations (SI, SIR, SIS, SEIR, etc.) [3]. These
approaches, called compartmental models, split the population
into compartments that represent the different stages of a
disease. The most general approach is the SIR model that
typifies the disease progression as follows: (1) S, represents
the susceptible (S) portion of the population i.e. those yet to
be infected; (2) I, represents those that are currently infective
or infectious (I); and (3) R, represents individuals that have
recovered (R) from the disease and no longer take an active
part in the disease spread. Other models like the SEIR, add an
intermediate stage (E) which represents a latent state in which
individuals have been exposed to the disease but are not yet
infective, i.e. the individuals in this stage have the virus but
can not infect others. All these models represent the virus
transmission by a set of nonlinear ordinary differential equa-
tions (ODEs) that associate a transition rate to the mobility of
agents between compartments. These transition rates are used
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& Dashun Wang8

1Systems Science Institute, State Key Laboratory of Rail Traffic Control and Safety and MOE Key Laboratory for Urban Transportation
Complex Systems Theory and Technology, Beijing Jiaotong University, Beijing 100044, China, 2Center for Complex Network
Research, Department of Physics, Northeastern University, Bosoton, MA 02115, USA, 3Department of Physics, University of Miami,
Coral Gables, FL 33146, USA, 4Center for Cancer Systems Biology, Dana-Farber Cancer Institute, Boston, MA 02115, USA,
5Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA 02115, USA, 6Department of
Engineering Sciences and Applied Mathematics, Northwestern Institute on Complex Systems, Northwestern University, Evanston, IL
60208, USA, 7Department of Mathematics and Statistics, Vermont Advanced Computing Center, Complex Systems Center, University
of Vermont, Burlington, VT 05405, USA, 8IBM Thomas J. Watson Research Center, Yorktown Heights, New York 10598, USA.

Recent advances on human dynamics have focused on the normal patterns of human activities, with the
quantitative understanding of human behavior under extreme events remaining a crucial missing chapter.
This has a wide array of potential applications, ranging from emergency response and detection to traffic
control and management. Previous studies have shown that human communications are both temporally
and spatially localized following the onset of emergencies, indicating that social propagation is a primary
means to propagate situational awareness. We study real anomalous events using country-wide mobile
phone data, finding that information flow during emergencies is dominated by repeated communications.
We further demonstrate that the observed communication patterns cannot be explained by inherent
reciprocity in social networks, and are universal across different demographics.

M
uch effort has been devoted to the study of human dynamics under regular and stationary situa-
tions7,9–11,15,16,19,23,28,30–32,34,37,40,45. Our quantitative understanding of human behavior under extreme con-
ditions, such as violent conflicts5, life-threatening epidemic outbreaks3,9,10,25, and other large-scale

emergencies, remains limited however. Yet, it is essential for a number of practical problems faced by emergency
responders29. There is an extraordinary need, therefore, to quantitatively study human dynamics and social
interactions under rapidly changing or unfamiliar conditions.

Previous studies2,24 have suggested that mobile phones can act as in situ sensors for human behavior during
anomalous events, finding that the occurrence of anomalous events triggers a large spike in the communication
activity of those who witnessed the event. More specifically, they found that communication spikes following
emergencies are temporally and spatially localized, indicating information flow through the social networks of
affected individuals becomes an important means to spread situational awareness and information to the general
population.

In this work, we quantify the propagation of real-world emergency information through the contact networks of
mobile phone users. We denote the group of users directly affected by an emergency by population G0, while users
they contact during the timespan of the emergency that are not in G0 form the population G1. We focus here on how
G1 users change their communication patterns following an emergency. To be specific, we address three questions:
First, to what magnitude do G1 users change their communication behavior? Do they show the same volume spike as
previously observed for G0 users2? Second, what is the origin of the behavior changes of G1 users? What is the
dominant feature of these changes? Third, will a G1 user prefer to call back the G0 user, potentially offering comfort,
support and seeking pertinent information? Or will they instead call forward to propagate their situational awareness
to others. Intuitively we expect that G1 users were chosen for contact by the G0 users due to important relationship(s)
between them, and they may communicate with each other more often than with other peers even during normal
days. It is therefore important for future emergency detection and intervention to know whether or not there is
abnormal reciprocal communication during emergencies, compared with ordinary activity levels.

Data and events. In this paper, we use a de-identified dataset from a large mobile phone company in a European
country1,4,8,14,16,20,21,27,28,33,36,37,39,42–44. The data consist of approximately 10 million users and four years of cell phone
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The ubiquity of mobile phones worldwide is generating an unprecedented amount of 
human behavioral data both at an individual and aggregated levels. The study of this 
data as a rich source of information about human behavior emerged almost a decade 
ago. Since then, it has grown into a fertile area of research named computational social 
sciences with a wide variety of applications in different fields such as social networks, 
urban and transport planning, economic development, emergency relief, and, recently, 
public health. In this paper, we briefly describe the state of the art on using mobile phone 
data for public health, and present the opportunities and challenges that this kind of data 
presents for public health.

Keywords: public health, cell phone, mobile data, CDR

Introduction

Since 2014, and according to the International Telecommunications Union (1), the number of mobile 
phone subscriptions exceeds the world’s population. This high level of adoption applies to both 
developing and developed economies and to nearly all socio-economic statuses. As an example of 
how fast mobile phone adoption is growing, in 2014 the level of mobile penetration ranged from 90% 
in developing countries to 128% in developed economies, compared to 79–87% in 2011 (1). In fact, 
the mobile phone has become the most ubiquitous piece of technology in our recent history. What is 
interesting and powerful is the fact that mobile phones are connected, leaving a digital trace behind, 
which can be used to analyze and model human behavior at an individual and aggregate levels. The 
analysis of these digital traces has already been successfully applied in a variety of fields, including 
urban planning (2); modeling human mobility (3); understanding social network structure (4) or 
measuring economic development (5).

In this paper, we outline the immense opportunities that mobile data – as it is captured from the 
mobile network infrastructure – presents for public health. In particular, Section “Mobile Network 
Data” presents the different sources and types of mobile network data available and describes their 
advantages and limitations. Sections “Mobile Network Data” and “Behavior and Public Health” 
outline how mobile data can be used for public health. Finally Section “Challenges of Using Mobile 
Data for Public Health” highlights the main technical, regulatory, legal, and ethical challenges that 
come associated with this opportunity and presents possible strategies to overcome them.

Mobile Network Data

A mobile (or cellular) network is a wireless network composed of towers, called Base Transceiver 
Stations (BTS), which give coverage to a geographical area. The coverage area of each individual 
BTS is called a cell and is typically divided in three sectors each one covering 120°. Although this is 
the typical case it is possible for a BTS to have just one-directional sector or more than three sectors 
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