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Abstract

In this document we describe the size of the Poblacion Flotante of
Bogota (D.C.). The Poblacion Flotante is composed by people who live
outside Bogota (D.C.), but who rely on the city for performing their job.
We estimate the Poblacion Flotante impact relying on a new data source
provided by telecommunications operators in Colombia, which enables us
to estimate how many people commute daily from every municipality of
Colombia to a speci c area of Bogota (D.C.). We estimate that the size of
the Poblacion Flotante could represent a 5.4% increase of Bogota (D.C.)’s
population. During weekdays, the commuters tend to visit the city center
more.

1 Introduction

In this document we aim at describing the size of the Poblacion Flotante of
Bogota, Distrito Capital (hereafter Bogota (D.C.)). Bogota (D.C.) is a city of
about 7.4 million inhabitants®. Moreover, many people in municipalities outside
Bogota (D.C.) rely on the city for work and use the services o ered. Each person
commuting but not residing in Bogota (D.C.) is considered part of the Poblacion
Flotante of Bogota (D.C.). A \commuter"” in this document is de ned as an
individual who is found more often inside Bogota (D.C.) than outside, during
working hours (i.e. 7AM to 8PM). It is thought that the Poblacion Flotante
have a large impact on the city, but this impact is di cult to estimate with
reliable data. Classical census information provides only a limited picture.

In this document, we use data obtained from telecommunications operators
in Colombia. The operators shared cellphone metadata with us that enable us to
estimate how many people commute daily from every municipality of Colombia
to a speci c area of Bogota (D.C.).

1From census data obtained from the city of Bogota (D.C.), consistent with
http://www.dane.gov.co/files/investigaciones/poblacion/proyepobla06_20/Municipal_
area_1985-2020.xls, retrieved on August 18th, 2015.



We nd that the size of the Poblacion Flotante relative to the population of
Bogota (D.C.) is limited. From the cellphone data, we observe 43,000 cellphones
regularly commuting to Bogota (D.C.) from the nearby municipalities. Using
a rough expansion factor we estimate that the number of commuters is around
400,000, and this represents a 5.4% impact relative to Bogota (D.C.)’s popula-
tion. There is a high inhomogeneity in the usage of the city by the Poblacion
Flotante from weekdays to weekends. During weekends, the commuting trips
are more likely to happen outside working hours. On the other hand, during
weekdays the trips tend to disproportionately end in the areas of Chapinero
and Santafe. The destinations of the Poblacion Flotante are overall scattered
around the entire territory of Bogota (D.C.). However, when controlling for na-
tive population, the highest impact of the Poblacion Flotante is concentrated on
the two main mobility axes of the city: East-West from the airport to Santafe;
and North-South from Suba and Usaquen to Chapinero.

2 Data Description

The document is based on cellphone call records metadata. The telecommunica-
tions operators shared the metadata of all calls that originated from a cellphone
operating through their networks during a period of six months. The obser-
vation period started in December 1st, 2013 and ended in May 31st, 2014. In
total, for the entire nation of Colombia we around 2 billions observations (with
one observation being a call). The total number of cellphones observed is larger
than 40 millions. The metadata include a variety of attributes for each call: in
this paper we focus on the following subset.

Originator of the call. The telecommunications operators provided us
with the ID of the cellphone originating the call. Note that this ID is encrypted
and anonymized for privacy purposes, rendering the re-identi cation of the in-
dividual impossible. The random IDs in the data are consistent, i.e. the same
cellphone is always assigned to the same random ID.

Phone Tower used. To initiate a call, the originator’s cellphone has to
connect to a cellphone tower. Each cellphone tower is uniquely identi ed by an
ID. We are able to cross this ID with a table, connecting the tower ID to the
municipality in which the tower is located. A cellphone cannot be very far from
the tower to which it is connecting. This enables us to pinpoint the position of
the originator at the moment of the call. We detail our methodology in Section
3.

The telecommunications operators which shared the data with us clear on
average around 10 million calls every day, with a clear weekly pattern, depicted
in Figure 1 (left). We can see that the market is pretty stable, without noticeable
long term variations. Cellphone coverage in Colombia is inhomogeneous across
its municipalities, being directly proportional to the municipality population.
Figure 1 (right) reports the number of cellphone towers per inhabitant. The
celltowers increase in a less-than-proportional way: for every 10% increase in
population, there is an 8.5% increase in celltowers.
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Figure 1: Statistics on Colombia cellphone usage. (Left) Number of calls
(Y axis) per day (X axis) in our dataset. We cover a time window starting
from December 1st, 2013 and ending in May 31st, 2014. The M-shaped pattern
is typical of weekly human activities. Deviations are usually represented by
national holidays and special occasions, such as New Year’s Day. (Right) Num-
ber of cellphone antennas against population for each municipio in Colombia.
Municipios with no antennas are removed from the plot.
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Figure 2: Geolocated information on the city of Bogota (D.C.). (a)
We assign each city block (manzana) to the cellphone tower coverage area. (b)
Population data on Bogota (D.C.), from white (sparsely populated block) to red
(densely populated block). Data aggregated at the UPZ level. (c) Productivity
of the establishments located in each block. Productivity is calculated as sum
of revenues in the block over number of employees, from high productivity (red)
to low productivity (white).



Bogota (D.C.) hosts almost seven thousand phone antennas, and this allows
us to subdivide Bogota (D.C.) in smaller areas, which will be used later in
the document for analysis about the destinations of the Poblacion Flotante.
Multiple antennas can be hosted in the same towers and thus have the same
coordinates. The total number of towers in Bogota (D.C.) is 650, which is
the same number of areas we can de ne. Each area has been determined by
assigning a Bogota (D.C.) block to the closest tower, with distances calculated
as straight line. Figure 2 (a) reports the resulting Bogota (D.C.) areas.

The city of Bogota (D.C.) provided us with census and chamber of commerce
information about each block of the city. From the census, we obtain informa-
tion about the population distribution: how many people are registered living
in a particular UPZ. A UPZ is a planning unit, that includes several blocks.
There are around 100 UPZs in Bogota (D.C.). Figure 2 (b) reports Bogota
(D.C.)’s population map. From the chamber of commerce we can draw the map
of Bogota (D.C.)’s productive establishments. In Figure 2 (c), we report the
average productivity of establishments in the block. The average productivity
is calculated as the total revenue of the establishments in the area divided by
the number of people employed.

In the document, we report some statistics about typical commute time for
the Poblacion Flotante. The commute times are calculated using the Google
Maps APIs?. The APIs allow us to establish the actual time it takes to drive
from two points in space using the actual road path. We estimate the commute
time from the center of mass of the origin municipality to the center of mass
of Bogota (D.C.). The measure provides the average commute time of the
commuters from every origin municipality, rather than evaluating the commute
time of each single commuter.

3 Methodology

The rst required step is to assign each observed phone to its home location.
This step is necessary because some trips from outside Bogota (D.C.) to Bogota
(D.C.) might have been originated by people living in Bogota (D.C.), unfairly
increasing our estimates. This problem has been well studied in the computer
science literature and we apply here one of the standard solutions [1]. In practice,
we count the number of calls made by each phone connecting to each cell outside
working hours. The cell to which the phone connected the most is the most likely
to be nearby the home location. In our case, since we are simply interested in the
municipality and not in the particular cellphone tower, our estimate is bound
to have smaller error.

The telecommunications operators that shared their data with us do not
have a full market share in Colombia. Since we can only observe their phones,
our calculation will be a severe underestimation. We assume that the sample
is random, i.e. the users not covered by the collaborating operators behave, on
average, like the average observed user. With this assumption, we can estimate

2https://developers.google.com/maps/documentation/distancematrix/intro
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