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La seconde révolution quantitative
de la géographie se fait-elle

sans les géographes ?

Thomas Louail
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TECHNOLOGICAL, SOCIETAL & SCIENTIFIC CONTEXTS
MEASURING AND MEASURED INDIVIDUALS

Actively : « Volunteered geographic information » (Goodchild, 2007)
Passively : Metadata produced by our mobile devices

> Increasingly used by researchers to study human mobility since the mid-2000's 
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T. Hägerstrand
 
What about people 
in regional science? (1970)

Time

Reconstruction

> Our geographical footprints
are a (distorting) mirror for our
trajectories through space and time

Reference

Space

FOLLOWING THE TRAJECTORIES OF ANONYMOUS 
INDIVIDUALS THROUGH SPACE AND TIME
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A PHYSICISTS LITTERATURE ON HUMAN MOBILITY
Typical questions

> Typology of systematic motifs/patterns in daily mobility 
> Models of individuals mobility
> Itinerary choices (how people choose their paths: simplest, most frequent, random, etc.)

> Predictability / Uniqueness of individual trajectories

> Social networks and mobility
• To what extent you and your relatives move the same way?
• Spatial properties of social communities

> Blondel, Decuyper, Krings (2015) A survey of results on mobile phone datasets analysis 
> Barthelemy (2016) The structure and dynamics of cities, Cambridge University Press
> Ghoshal et al. (2017) Human mobility : Models and applications, Physics reports
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< Unveiling London’s mobility structure
with tap-in/tap-out metro cards data

 < Common statistical regularities 
in the way people move in cities, 
whatever the city? 
An analysis with a common source
of data (Foursquare) in 50 cities worldwide

To what extent are your trajectories 
similar to those of the members 
of your social network? >

Measuring various phenomena
associated with urban mobility
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Construct a time-resolved in-vehicle 
social encounter network on public buses 
in Singapour. How frequently do you meet 
your own ‘familiar strangers’?

< Testing Milgram message passing exp.
on mobile phone data: does the “log(P) 
degrees of separation” holds ?
What’s the best message search/
message diffusion strategy ?

Do our mobility exhibit 
a limited number of motifs ? 
> Yes, and there are only 17 of them

Measuring various phenomena
associated with urban mobility
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a. Probability density function P(x, y) of finding a mobile phone user in a location (x, y) 
in the user’s intrinsic reference frame. The three plots, from left to right, were generated 
for 10,000 users with increasing radius of gyration(rg):
rg < 3 (left), 20 <= rg <= 30 (middle) and rg <= 100 km (right)
b. Same function but rescaled by the standard deviation

[Gonzalez et al., 
Nature, 2008]

THE SHAPE 
OF HUMAN TRAJECTORIES
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[Gallotti et al., 
Nature Comms, 2016]

THE SHAPE 
OF HUMAN TRAJECTORIES

> Numerous models have been proposed in the last 10 years
> Able to reproduce an increased number of statistical properties 
of individual human mobility 
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[Schneider et al., Interface, 2013]

Decomposition of the mobility profile 
over 10 days into daily mobility 
patterns for 2 mobile phone users. 

Home location is highlighted 
and connected over the entire 
observation period with a grey line. 

The entire mobility profiles are rather 
diverse, but individual daily profiles
share common features.

Prefers commuting to one place 
and visits the other locations 
during a single tour

Prefers visiting the daily locations 
during one single tour

Daily mobility motifs

Figure from [Schneider et al., Interface, 2013]
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[Schneider et al., Interface, 2013]

17 different motifs describe 90% of the identified daily mobility networks
Most motifs classified by o²nly four rules: 
(I) motifs of size N consist of a tour with only 1 stop, and another tour with N – 2 stops
(II) motifs of size N consist of only a single tour with N stops
(III) motifs of size N consist of two tours : one with 1 stop and another tour with N – 3 stops
(IV) motifs of size N consist of a tour with 2 stops and another tour with N – 3 stops

Daily mobility motifs

Figure from [Schneider et al., Interface, 2013]
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Uniqueness of human 
trajectories

From mobile phone records

From credit cards data

At given spatial and temporal resolutions,
how many points (x,y,t) randomly chosen
in your logs are necessary 
to make you unique? 

[DeMontjoye et al., Science, 2015]

[DeMontjoye et al., Sci. rep., 2013]
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Uniqueness of human 
trajectories

Uniqueness as a function of 
the number of points considered

Green bars represent uniqueness
when only spatiotemporal info are known. 
Four spatiotemporal points 
taken at random (p = 4) 
are enough  to uniquely characterize 
90% of individuals. 

Blue bars represent unicity when using 
spatial-temporal-price triples. 
Adding the approximate price 
of a transaction significantly increases
the likelihood of re-identification.

[DeMontjoye et al., Science, 2015]
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selected papers

> Individual mobility is highly predictable 
[Gonzalez et al., Nature, 2008 ; Song et al., Science,  2010 ; 
DeMontjoye et al., Science, 2015]

> The statistics of the small set of venues to which we frequently return 
[Bagrow et al., PlosOne , 2012]

> Classifying the motifs/subnetworks which capture our daily mobility patterns
[Schneider et al., Interface, 2013]

> Mobility structure linked to the size and shape of cities
[Roth et al., PlosOne, 2011], [Louail et al., Sci.rep, 2014] 
[Louail et al., Nat.Comm., 2015]

> Spatial cohesiveness of social communities depends on the geographical scale
[Toole et al., Interface, 2015]

> Counter-intuitive phenomena, e.g. the hidden networks of co-presence in cities 
[Sun et al., PNAS, 2013]


