
Analyzing the Workload Dynamics of a Mobile Phone
Network in Large Scale Events

Faber Henrique Z. Xavier
Pontifical Catholic University
of Minas Gerais (PUC Minas)

Brazil – 30.535-901
faber.xavier@

sga.pucminas.br

Lucas M. Silveira
Pontifical Catholic University
of Minas Gerais (PUC Minas)

Brazil – 30.535-901
lmsilveira@

sga.pucminas.br

Jussara M. Almeida
Universidade Federal de

Minas Gerais
(UFMG)

Brazil – 31.270-010
jussara@dcc.ufmg.br

Artur Ziviani
National Laboratory for
Scientific Computing

(LNCC/MCTI)
Brazil – 25.651-075
ziviani@lncc.br

Carlos Henrique
Silva Malab

Oi Telecom
Board for Special Projects

Brazil – 20.230-070
malab@oi.net.br

Humberto Marques-Neto
Pontifical Catholic University

of Minas Gerais
(PUC Minas)

Brazil – 30.535-901
humberto@pucminas.br

ABSTRACT
The ever-increasing usage of mobile phones challenges carri-
ers to evolve and improve their services based on their users’
behavior. Nevertheless, it remains uncommon the usage of
data about human mobility for discovering patterns which
could support the dynamic resource allocation in urban ar-
eas. In particular, occasional large scale events impose pat-
terns that may strongly differ from those observed in daily
routines. In this paper, we present a methodology to char-
acterize the workload dynamics of a mobile phone network
during large scale events. Our study is based on calls made
by mobile phone users of a major Brazilian cellphone carrier
during soccer matches with a large number of attendees at
Rio de Janeiro’s urban area. The results of applying the
proposed methodology may be used to improve the under-
standing on how users move within an urban area towards
the location of a large scale event and how they disperse af-
terward, helping the management of mobile phone networks.
Moreover, the uncovered mobility patterns may drive the de-
velopment of target applications and gadgets for large scale
events, such as World Soccer Cup matches.

Categories and Subject Descriptors
C.2.3 [Computer-Communication Networks]: Network
Operations; C.4 [Performance of Systems]: Measure-
ment Techniques

General Terms
Measurement
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1. INTRODUCTION
Analyzing the mobility patterns of anonymized mobile

phone users is a big challenge, but also a great opportu-
nity to better understand the human dynamics within an
urban area.This understanding may help governments and
enterprises to predict and plan proactive actions to improve
the quality of life in smart digital cities [9, 15]. Such predic-
tions and planning of actions can be drawn based on mobil-
ity models built from large anonymized datasets of mobile
phone calls made in georeferenced cell antennas along the
hours of the day [6].

Although recent studies show that human mobility in ur-
ban areas can be well predictable considering daily rou-
tines [14], cellphone carriers still have difficulties for plan-
ning the necessary communication infrastructure to sup-
port the unusual workload that arises during large scale
events [4]. Examples of events that may cause significant
impact on the communications infrastructure include a final
match of a soccer championship, a major rock concert (e.g.,
Rock in Rio), the New Year’s Eve in Times Square, or the
Olympics. Even though many of these large scale events are
scheduled and planned in advance and are expected to cause
collective changes in the workload [1], it remains common to
notice the congestion of the carrier’s resources during them.

The 2014 FIFA Soccer World Cup and the 2016 Olympics
will take place in Brazil. These are large scale sport events
that attract a huge attendance who moves around an ur-
ban area to attend the main competitions or smaller satel-
lite events, as well as for sightseeing. The nature of sport
events of these dimensions and the importance of the com-
munication services provided by a mobile phone carrier in
this context require studies to understand some character-
istics concerning the behavior of attendees. In Brazil, there
are currently about 253 million active mobile phone lines
according to ANATEL1, the Brazilian Telecommunications

1www.anatel.gov.br (in Portuguese).
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Agency. The urban area of the host cities in the case of
these large scale sport events typically receive thousands of
attendees (or millions, for major events such as the Olympic
Games) with their mobile devices. Therefore, understand-
ing mobility patterns based on the dynamic usage of mobile
phone services may support the development of better re-
source management strategies and communication services
for the people attending such large scale events.

In this paper, we investigate a methodology for charac-
terizing and analyzing the workload dynamics of a mobile
phone network in large scale events. We base our study on
a rich dataset with real anonymized data about mobile calls
made throughout the main traffic routes to and from a large
soccer stadium in Rio de Janeiro, Brazil, hosting matches of
the 2011 Brazilian Soccer Championship. In particular, this
paper presents the characterization of cellphone calls reg-
istered in the carrier infrastructure before, during, and af-
ter two soccer matches between the same teams (Flamengo
and Vasco), that took place in August and December, 2011.
These are two very popular teams, both with large fan bases
in Rio, and in Brazil in general. Our dataset also includes
cellphone calls made in the same region during a day without
a soccer match. Overall, results point out that the occur-
rence of a large scale event modifies the typical workload of
the mobile phone network. They also suggest that, though
atypical, this workload dynamics follows somewhat regular
patterns, motivating the future design of target applications
and gadgets for large scale events, such as World Soccer Cup.

The paper is organized as follows. Section 2 presents some
related work that motivates our present effort. Our charac-
terization methodology is described in Section 3. Section 4
shows and discusses the results. The conclusions and the
planned next steps are presented in Section 5.

2. RELATED WORK
The growth and current prevalence of mobile phone net-

works in modern society requires studies for better under-
standing their usage and generated workload [7, 13]. The
cellphone carriers usually maintain records of all users’ calls,
including the approximate location based on their antennas
where each call started and finished [14]. These datasets,
obviously anonymized, can be used to analyze the behavior
of mobile phone users during different periods of the day [6].
The human mobility can also be analyzed based on traffic
monitoring, as performed by Liu et al. [10] with data gener-
ated by mobile devices in vehicles.

González et al. [9] point out that it is possible to predict
user mobility patterns, despite the different behavior of each
person with respect to to his/her job, family, leisure prefer-
ences, and so on. This observation suggests that mobility
patterns may be valuable input to drive the urban plan-
ning of a city (e.g. for improving vehicle traffic), to support
decision making and actions in emergency situations, and
even to improve the management of the spread of a disease
in a region [2]. Morlot et al. [12] introduce an interaction-
mobility model for analyzing the dynamic of users clumps in
hot spots of a wireless operator. Their model was calibrated
with measurements from a GSM network. In general, the be-
havior patterns of mobile phone users are modeled through
mining data collected in the carriers’ infrastructure [8, 11].

In [14], the authors used a model to identify mobility pat-
terns for predicting human behavior in common (i.e., typi-
cal) as well as abnormal and unexpected situations. During

unexpected events, different mobility patterns are observed,
with a burst in the usage of mobile phone networks [1].
Bagrow et al. [1] argue that the characteristics of the network
workload could indicate the kind of the event that users are
experiencing, e.g. an emergency, a sport event, or a concert.

In our work, we characterize how mobile phone users move
during part of the day. This is similar to the study done
in [3]. However, instead of analyzing events in different
places, as performed in [3], our work focuses on analyzing
soccer matches in the same location (one soccer stadium) on
different days, aiming at comparing the workload imposed
on the carrier’s infrastructure (the same set of antennas near
the stadium) on days with and without matches. The anal-
ysis from a single point of interest also facilitates the task
of determining how people move towards the stadium before
the match starts and where they go afterward, as well as the
kinds of users going to the match surroundings (if they are
supporters or just spectators), following the same approach
adopted in [5].

3. PROPOSED METHODOLOGY
In this section, we present our mobile phone datasets as

well as our proposed characterization methodology.

3.1 Datasets
Our mobile phone datasets have anonymized information

about calls made by users of Oi Telecom, one of the major
cellphone carriers operating in Brazil. These calls were made
on three different days considering the Engenhão stadium2,
in Rio de Janeiro, as the point of reference. We here refer
to it as the target stadium.

On two of the monitored days, which correspond to Sun-
days, the target stadium hosted matches between Flamengo
and Vasco, two very popular soccer teams in the city of Rio
de Janeiro (and in Brazil, in general). These two teams
have a large number of fans and a history of great rivalry.
The matches were part of the 2011 Brazilian Soccer Cham-
pionship. In this championship, which is a major soccer
competition in Brazil, 20 teams play one against each other
twice, one match as a host and the other as a visitor.

On the third monitored day, also a Sunday, there was no
soccer match in the target stadium nor in any other part
of the city. We note that the movement of people around
the stadium is usually large, regardless of the day, as it is
located in a densely occupied urban area. Nevertheless, we
believe that analyzing the data collected on a day with no
match provides an important baseline to reach our goal of
evaluating the workload dynamics due to large scale events.

Specifically, the data we analyze was collected on the fol-
lowing days:

• Aug 28th, 2011 : this is the day of the first match be-
tween Vasco and Flamengo, as part of the first round of
the championship. It was reported that 33,206 people
were present in the target stadium;

• Dec 04th, 2011 : this is the day of the second match be-
tween Flamengo and Vasco. This was the last match
for each team in the 2011 Brazilian Soccer Champi-
onship and, depending on the combination of results of

2The most well known Maracanã stadium in Rio de Janeiro
is currently closed facing major construction works in prepa-
ration to host the 2014 FIFA Soccer World Cup final match.
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Figure 1: Timeline adopted on our characterization methodology.

this match and other simultaneous matches elsewhere,
Vasco could have won the championship that year. It
was reported that there were 34,064 attendees in the
target stadium during this match;

• Oct 30th, 2011 : there was no soccer match in Rio de
Janeiro on this Sunday.

These three datasets contain the calls made by the users
of the cellphone carrier using its antennas located in Rio de
Janeiro urban area from 14:30 to 19:153, on each monitored
day. They basically have the following fields:

1. Call Id : this is simply an id for each call, and does
not allow the identification of the user’s mobile phone
number;

2. User Id : this id is generated by the cellphone carrier.
It is completely anonymized, and thus, cannot be used
for identifying the user, although it does allow us to
identify multiple calls made by the same user in differ-
ent points in time;

3. Start Time of a call;

4. End Time of a call;

5. Start Antenna: geographical location of the carrier’s
antenna where the call was started;

6. Start Sector : id of the sector of the Start Antenna that
received the call4;

7. End Antenna: geographical location of the carrier’s
antenna where the call ended.

8. End Sector : id of the sector of the End Antenna re-
sponsible for the call.

3.2 Characterization Methodology
The proposed characterization methodology is designed

with the purpose of answering three main questions: (i) who
moved towards the surroundings of the soccer match location
during the match time? (ii) where did they come from? and
(iii) what were their routes after the match?. One key as-
sumption we make is that analyzing the mobility of users
who made calls through the antennas covering the region

3As Rio de Janeiro adopted the Daylight Saving Time in
2011, we shifted back all time measurements by one hour
for data collected in October and December.
4Each antenna is divided into three 120o sectors, each one
responsible for one third of the antenna’s coverage area.

of the target stadium around the time of the match can fo-
cus our analysis on the group of users involved directly or
indirectly with a large scale sport event.

Towards answering the aforementioned questions, we re-
strict our analysis to the cellphone calls made during a pe-
riod of time around the match time. More specifically, we
adopt the timeline notation shown in Figure 1. Note that
a soccer match is divided into two 45-minute long periods
– the first and second halves – with a 15-minute half-time
interval in between. The other time intervals shown in Fig-
ure 1 are discussed in the following.

The first step of our methodology is to identify the an-
tennas that cover the region where the target stadium is
located. In our specific case, we select 4 antennas that are
located inside or within 1,500 meters of the stadium.

Next, we select the users who made at least one cellphone
call in one of the selected antennas just before and after the
match. To that end, we define as the Pre-Match period the
time interval that covers the k minutes that precede the be-
ginning of the match. We also define the Post-Match period
as the the time interval that covers the k minutes after the
end of the match. We then identify users who made at least
one call during the period that goes from the beginning of
the Pre-Match until the end of the Post-Match, including the
overall match time (105 minutes). We here refer to this pe-
riod as the tmatch period, and to the identified users as fans,
since they most probably stayed within the surroundings of
the stadium throughout the game, as opposed to others who
may just have passed by over there.

Note that the Pre-Match period, defined based on k, cap-
tures a time window during which the attendees have al-
ready arrived to the target stadium and are waiting for the
match to start, possibly partying together in preparation
to the event. Similarly, the Post-Match period captures a
time interval during which people are still in the surround-
ings of the stadium, possibly enjoying their time together or
waiting for public transportation to leave. The durations of
these time intervals depend somewhat on local aspects. In
our case, based on a Brazilian soccer match characteristics,
we set both Pre- and Post-Match periods to k = 45 minutes.

In the third step, we identify the subset of fans (as de-
fined above) who also made calls before the beginning or
after the end of the event. These calls will allow us to track
the movements of these users before or after the match du-
ration. Thus, our analysis of mobility patterns will focus on
these selected users. To identify these users, we define two
other periods (tarrival and tdeparture) which correspond, re-
spectively, to the time intervals before and after the tmatch

period, during which people are moving towards and arriv-
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ing at the target stadium as well as departing from the loca-
tion. We here set both tarrival and tdeparture to 45 minutes,
as shown in Figure 1.

At this point, we can use the geographical location of the
antennas of the carrier to geolocate where each call started
and ended, thus determining from where the fans identified
in the previous step came and to where they moved after
the match. Ultimately, we are able to study the changes in
the workload of the antennas located along the main traffic
routes to and from the stadium. In the context of the World
Soccer Cup or the Olympics, these routes possibly connect
stadiums to regions of hotels, restaurants, airports, and are
used for advertising and trading exploration.

To study the workload dynamics towards and from the
target stadium, we use heat maps to represent the intensity
of activity in the mobile phone network, as shown later in
Section 4.3. These heat maps are generated through a func-
tion of the Google Maps Javascript API V3. The function
has a method to load data for representation. The data
consists of the number of calls that each antenna received
in a given time interval (either tarrival, tmatch or tdeparture).
These numbers are mapped, based on a color representation,
in the respective geographic locations of the antennas. That
is, the region in which the antenna is located is displayed in
a color indicating the number of calls received by it during
the analyzed interval: the darker the color, the larger the
number of calls received by the antenna.

We apply this methodology to all three collected datasets.
Moreover, even though there was no match on one of the
monitored days, we use the same timeline and user nota-
tions as well as focus on the same selected antennas (step
1), for the sake of comparability. For instance, we keep the
term “fans” to refer to users selected in steps 2 and 3 of our
methodology, even though there was no match in the target
stadium on that specific day.

4. RESULTS
In this section, we discuss the results of applying our

methodology to the three datasets. We start by providing
an overview of the workload in the considered datasets (Sec-
tion 4.1). Next, we analyze the workload on the antennas
located in the surroundings of the target stadium during the
period of the match (Section 4.2). Finally, we analyze the
arrival and departure routes of selected mobile phone users
using heat maps (Section 4.3).

4.1 Workload Overview
Table 1 shows, for each dataset, the total number of calls

made by fans and the number of calls made by all users
during the time interval from 14:30 to 19:15 (i.e., the pe-
riod consisting of the sum of tarrival, tmatch, and tdeparture)
on each monitored day. It also shows the number of users
who made those calls. On one hand, a common user makes,
on average, only one to two cellphone calls during the day,
whereas fans make three calls on average. Such values can
face slight variations depending on the specific day analyzed.
Note that the number of fan calls is much larger on the days
with matches (i.e., on Aug 28th and on Dec 4th).
Figure 2(a) shows the number of calls made by all users

on each 45-minutes periods (the time of a soccer match half)
for the three considered datasets. At this point, we do not
consider the 15-minutes of the Half-time interval (it will be
analyzed later in the Section 4.2).

Table 1: Overview of the Datasets.
Aug 28th, 2011 Oct 30th, 2011 Dec 4th, 2011
# of # of # of # of # of # of
Calls Users Calls Users Calls Users

Fans 3,362 1,366 1,270 691 4,284 1,754
All Users 50,138 28,921 41,021 25,313 47,776 27,290

We highlight that in days with matches the distribution of
the calls along the hours of the day depends on the progress
of the match (before, during, or after the match). Note that
there is a clear decrease in the number of calls made during
the match, as many people avoid using their mobile phones
to follow the match. On the day with no match (Oct 30th),
in contrast, the pattern is different, with no clear trend.

The same patterns are observed for fans, as shown in
Figure2(b). Note, however, that comparing the behavior
of fans on Aug 28th and Dec 4th, the two monitored days
with matches, the number of calls made by them during the
match period (16:00 - 17:45) is much larger on the latter,
possibly because of the importance of that particular (final)
match in the context of the Brazilian Soccer Championship.
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4.2 Workload During the Event
The analysis in Section 4.1 focused on calls made in a

large area of the city. This section takes a closer look in the
general data concerning the surroundings of the stadium and
how is the temporal distribution of calls during the match.
In other words, we here focus on the calls made by fans.
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Table 2: Characterization of fans’ calls within the
time ranges of the match (see Figure 1).

Aug 28th, 2011 Oct 30th, 2011 Dec 4th, 2011
Calls Users Calls Users Calls Users

t-Arrival 746 588 169 136 1036 827
Pre-Match 739 529 219 178 937 686
First Half 321 238 192 157 586 434
Half-time 269 228 67 58 359 287
Second Half 308 245 242 184 502 393
Post-Match 774 588 363 271 915 672
t-Departure 379 327 155 137 654 537

Table 2 shows the distribution of calls made by fans within
the time intervals that compose the duration of the match
(see Figure 1) as well as during the periods that precede
and follows it. We observe that Pre-Match and Post-Match
present the largest concentrations of calls during the tmatch

interval. It indicates that fans went to the target stadium to
watch the match and avoid using their mobile phones during
the match. We speculate that this behavior may not follow
the same pattern in matches where the attendees are rather
spectators, such as in World Cup matches and Olympics,
and are not necessarily fans of the teams.

Note that, on both days with matches, the number of calls
made during First Half, Second Half and Half-time are very
similar, particularly on Aug 28th, despite the fact that the
duration of Half-time is one third of that of First and Sec-
ond halves (15 against 45 minutes). In order to understand
what really happened on Half-time, we analyze the five time
periods using bins of equal duration (15 minutes, i.e. the
Half-time duration). Figure 3 shows the fans’ behavior dur-
ing the tmatch period. Clearly, the number of calls drops
significantly during the first and second halves of the match
(bins 4-6 and 8-10 in the figure, respectively). There are
three well-defined peaks of calls made by fans which should
be highlighted: before the match started (bin 2), during the
match interval (bin 7), and after the match end (bin 12).
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4.3 Arrival and Departure Patterns
Figures 4 and 5 show the heat maps to illustrate the mo-

bility of users arriving and leaving the surroundings of the
target stadium on Aug 28th and Dec 4th, respectively. The
two figures show similar patterns. We can clearly distin-
guish the three main access routes to the Engenhão sta-
dium: an express highway connecting the stadium to the
area found at the bottom of the maps, and two others head-
ing towards East (a train line and a major avenue).

Despite the time intervals used in each heat map being
large (45 minutes each), there is a larger number of calls
before and after the match by people coming from the East,
especially using the train line. This suggests there is a pref-
erence of the attendees to use this kind of public transporta-
tion, quite possibly in an attempt to avoid traffic congestion
in the arrival and departure of the stadium area.

Another observed behavior is the increase in the number
of calls during the time period around the match time in the
heat maps of Aug 28th and Dec 4th. This is indicated by the
larger amount of calls (darker areas) in the surroundings of
the target stadium, in comparison with the heat map of Oct
30th (Figure 6). It confirms the influence of soccer matches
with a large number of attendees in the workload of the
mobile phone network.

Other interesting observation is the decrease in the num-
ber of calls in the period of 45 minutes after the end of the
match (tdeparture subfigures). This is observable noting that
in these time periods corresponding to the tdeparture there is
not as many dark regions as in those for during the match.
Comparing the heat maps of the days with matches to the
day without match (Oct 30th), it is clear that the routes pre-
viously identified were not applicable for the day in which
there is no soccer match. Thus, the matches do influence
the workload dynamics in mobile phone networks within an
urban area. Analyzing such dynamics provides insights that
may drive the design of more effective capacity planning and
management for such out-of-routine scenarios.

5. CONCLUSIONS AND FUTURE WORK
We here present a methodology to characterize the work-

load dynamics of a mobile phone network during large scale
events, more specifically, during matches of the 2011 Brazil-
ian Soccer Championship. This methodology was applied
to real datasets containing mobile phone calls made in Rio
de Janeiro, Brazil, on three different days. Our results show
that user behavior patterns, in terms of number of calls, that
arise during a large scale urban event can be used to analyze
phenomena related to human mobility. As future work, we
intend to expand our analysis to include other types of large
scale events, such as major concerts and New Year’s Eve
celebrations, including data on the exchange of text mes-
sages. We believe that identifying mobility patterns based
on mobile phone calls during large scale events can drive
the development of target applications and gadgets for such
events, and also support the development of a simulator to
be used in the understanding of urban area problems, such
as traffic planning and safety issues during large events.
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