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National scale analysis on population distribution and movement using mobile
phone data
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Population distribution and its movement is a key information for better
informed decision-making in disaster risk management, transportation planning and environmental
conservation. Using mobile phone systems, we could estimate the distribution and movement of
population. The estimation with mobile phone data will have a significant impact to and make
contributions to societg.

This study, keeping global scale applications in mind, develops a series of methodologies of
estimating the distribution and movement of population at national scale using mobile phone data or
CDR (Call Detail Record) data. The methodologies include a spatio-temporal interpolation method of
CDR data, a method of estimating demographic attributes to create Dynamic Census data. The
methodologies are implemented as a system that could be easily transplanted. Finally the system are
applied to mobile phone data of Bangladesh (27 million subscribers). Population distribution and
movement were successfully estimated.
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4.1 Development of CDR analysis system.

We have developed CDR Data Storage
system for archiving large-scale CDR data.
Currently there is lack of coordination
and communication tools to provide the
required information on dynamic movement
of people which could be important for many
cases such as earthquake and disease
outbreaks. A promising secure CDR Data
repository lies 1in a comprehensive
solution. The CDR Data repository solution
consists of the total solution from CDR
Data anonymization until the data
archiving for future use. It intends to
will provide the necessary tools to
address the issues on historical data
storage of the CDR anonymized data for the
beneficiary countries to be used in case
of potential future emergencies. The
Secure CDR Data Repository Solution
including the web-application platform,
service agent and Hadoop system for
large-scale archiving.

Fig.1l Configuration of the CDR analysis
system

We have collaborated with  BUET
(Bangladesh University of Engineering and
Technology), Bangladesh for analysis of
CDR data in Bangladesh. We obtained 45 days
of CDR data with three periods: 2015
December 1-7, 2016 May 1-31 and 2016 Oct
1-7. We conducted basic statistics on the
dataset and do further analysis in three
periods for population estimation as well
as Origin-Destination (OD) analysis. We
developed algorithms on parallel system



(Hadoop) to process large-scale. The
algorithms consisted of home estimation,

population  estimation, Call-To-Call
Movement with home padding and OD
estimation.

« Dry Season: Dec 2015, Oct 2016
*Wet Season: May 2016
*Import to Hadeop System

* Call to Call Movement
« Caleulate Origin — Destination

+ Aggregate to zone level and OD matrix

* Compare & correlation check

Fig.2 Steps of CDR data analysis

Since the system 1is designed for easy
transplantation and generic CDR
processing and analysis, we could easily
setup and prepare CDR Data Analysis system
in Srilanka in collaboration with
LIRNEasia. One month of CDR data of Sri
Lanka have been retrieved and processed
for Dbasic statistics. The CDR data
included Voice, GPRS and SMS. In addition,
it also provided Money Refill data. For

Voice Data, caller and callee are included.

The further analysis will be conducted on
dynamic census.
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Hadoop Cluster for Large-Scale Data Processing
(LIRNEasia, U-Tokyo)
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Fig.3 Hadoop cluster for large scale CDR
data analysis

4_2 Development of “ Dynamic Census” with
CDR analysis

While the analysis of CDRs seem to be
prominent as the means of understanding
human mobility dynamics, it has been
increasingly pointed out that there are
constraints for utilizing such data for
societal 1issues. The constraints as
summarized as below;

1) Sparseness

CDRs provide a partial view of human
mobility, which differs from a full
picture of human mobility. Because CDRs
are updated only when the mobile phone is
used, the number of records per person per
day is limited.

2) Representativeness

The population of CDRs is only mobile phone
users. Thus, there can be discrepancies in
human mobility dynamics between mobile
users and actual living populations, which
consist of mobile users and non-mobile
users, if the characteristics of the two
population groups are different. When we
interpret the analysis result of CDRs to
address societal issues, we need to be
aware what population is under the study.
3) Anonymity

CDRs are generally anonymized to protect
the privacy of mobile users. Instead of the
attribute information of mobile users, a
random code is assigned to each person,
which still allows us to trace the mobility
of each person for a given period. This
feature makes it difficult to know who are
in the data except the fact that they are
mobile users.

Increasing bodies of study analyzing CDRs
have proposed to utilize mobile data to
transportation study and urban planning.
In fact, mobile phone data can provide the
quantitative aspect of human mobility
dynamics such as the volume of human
mobility. On the other hand, the data alone
do not indicate much about their
qualitative aspects of the population, and
thereby the research on the
characteristics of the population in CDRs
is limited so far. In this study, a novel
approach is proposed to resolve the three
constraints of CDRs by proposing a new
dataset, Dynamic Census, by utilizing CDRs
of Dhaka from one of leading
telecommunications companies in
Bangladesh (called the operator). The
uniqueness of this study is that hidden
properties of CDRs are revealed and
estimated, analyzing CDRs in combination
with field survey data. To understand the
population  structure and personal
attributes, including calling behavior
along with their activity, two field
surveys (SPACE 2013 and SPACE 2014 - the
Survey on Patterns of Activity for
Comprehensive Explorations of Mobile
Phone Users in Dhaka) were conducted.

Basic features of Dynamic Census are
described as below;

1) Interpolated spatio-temporally

The path of the mobile user can be
determined by a pair of two consecutive
records in CDRs. The pair of points,
consisting of time and location
information, is potentially neither the
time nor location of departure/arrival for
a person. In Dynamic Census, blank time




bands are interpolated based on the
estimated timing of location changes of
the mobile users, and then route of their
movement 1is predicted based on the
existing road network. It enables us to
obtain better spatio-temporal
distribution estimates for mobile users.

Interpolation

= Exiracting routine patterns
= A topic model is employed

= Routine pattern is expressed as the probability distribution of key locations
(Home, Work, and Other)

= Spatiolempeoral interpolation
= Hidden Markov Model is employed (timing of transition is identified)
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Fig.4 Spatio-temporal interpolation

2) Represent the living population for a

given area
The demographic structure of Dynamic

Census is adjusted to that of the living
population. It enables us to discuss the
human mobility dynamics not only of the
mobi le user but also the living population,
presenting for given areas at given time.

Representativeness
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Fig.5 Enhancing representativeness of CDR
data

3) Labeled with demographic attribute

Dynamic Census 1is labeled with the
personal attribute information, which is
estimated through this study. It enables

Demographic attribute estimation

=

= Random Forest is employed
= 58 user data from volunteers are used as training data
= Field survey
= Interviewed all members in mobile phone user households
= Two-stage stratified sampling (Land use & income level)

= Interview survey on demographic attribute, travel-activity, and mobile phone use

Estimation results

Class Accwracy Prechion Recall
0.7% 0.43

| Wenking male: 0 0.63 Q.}{J
Housewite 0.67 0.47 082
Stuclent 087 0.40 022 |

Other 063 0.20 o007

Interview at a slum household

Fig.6 Estimating demographic attributes
by combining CDR data and field survey data

us to specify the mobility of specific
population groups under study. For
instance, Dynamic Census can facilitate
the intervention under a disastrous event
by providing the distribution of people,
who are vulnerable to disaster such as
small children.

Finally, dynamic census was developed

Working males’ 24 hour population distribution in Dhaka

Fig.7 Example of dynamic census estimated
with CDR data analysis and field survey.
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CDR Statistics: Total Unique Users (Daily)

* Daily average on Dry 2015: 25,757,629 records
* Daily average on Wet 2016: 27,218,139 records
* Daily average on Dry 2016: 28,275,048 records
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¢ CDR Data Coverage
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+ Population estimation
calculated from home
location mobile users

+ Home identification use

Hourly Grid Population (Dry Season) at 2015.12.01

= Grid based hourly population of entire Bangladesh

1 km Grid 1 km Grid
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Result: Hourly Grid Population (Rainy Season) ot 2015.05.04
= Grid based hourly populafion of entire Bangladesh

1 km Grid 1 km Grid
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Result: Estimated Individual Movements (Dry Season) ot 2015.12.01
= Estimated people movements from CDRs in entire Banglodesh [N=2M from 25M)
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Result: Estimated Individual Movements(Rainy Season) ot 2014.05.04

= Estimated people movements from CDRs in enfire Bangladesh [M=2M from 25M)
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