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Figure 2: The municipal borders (in black) and Livehoods for South Side.
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Instagram Colocation
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Polarization in political discussion (blog network)




Geographically embedded network




Voronol diagrams and network communities
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Measuring Partition Similarity

Let us define a function (4, j) that takes the value 1if both i and 7 belong to the same subset
of a partition P, 0 otherwise:

. 1, ifdX € P such that 7,7 € X
i) - { / 2)

0, otherwise

We can then define the similarity of P and P, as the ratio between the number of pairs of
locations in V' that have the same value of y for both Py and Py (i.e. they are classified similarly
at scales s and s’), and the total number of possible location pairs:

4) € V2i # " (i,9) = u" (i, )] 3

("5

O(V, Ps, Pyr) = al



Intervals of Similar Scales

To identify the breakpoints in partition similarity we introduce another metric, somewhat
similar to the concept of modularity in graphs — albeit even simpler. This metric measures interval
separation, given a set of breakpoints B = {bg,...,b,}. Let us also consider the set of intervals
defined by these breakpoints: Z(B) = {]0..bg], |bg, b1], ---, |bn, 100]}. The interval separation for a

given B can thus be defined as:

L ZIEI(B) |I| ) Zs,s’EI 5(‘/7 P87P$/)

4
Imax (5(V, Pb—l;Pb) ( )
be B\{bo}
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Natural Scales

For a given interval I, the natural scale s; is the percentile of I with the partition that is the most
similar to all other partitions in I. To formalize:

S; = argmax,c; Z o(V, Py, Py) (5)
s'el
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Distance distributions
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Scale-related behaviour, not scale-related users
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lake Home

Digital traces on social media can be mined to infer
large corpus of human movement data.

Geographic communities are scale-dependent.

There are ranges of scales where community partitions
remain similar, interspersed with sudden changes
(phase transitions).

It iIs possible to find the characteristic scales of a region
and multi-scale analysis provides insight that would be
hidden otherwise.
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Human mobility is known to be distributed across several orders of magnitude of physical distances,
- which makes it generally difficult to endogenously find or define typical and meaningful scales. Relevant
Accepted: 06 March 2017 : analyses, from movements to geographical partitions, seem to be relative to some ad-hoc scale, or no
Published: xxxxxxxx - Scale atall. Relying on geotagged data collected from photo-sharing social media, we apply community
. detection to movement networks constrained by increasing percentiles of the distance distribution.
Using a simple parameter-free discontinuity detection algorithm, we discover clear phase transitions in
the community partition space. The detection of these phases constitutes the first objective method of
characterising endogenous, natural scales of human movement. Our study covers nine regions, ranging
from cities to countries of various sizes and a transnational area. For all regions, the number of natural
scales is remarkably low (2 or 3). Further, our results hint at scale-related behaviours rather than scale-
related users. The partitions of the natural scales allow us to draw discrete multi-scale geographical
boundaries, potentially capable of providing key insights in fields such as epidemiology or cultural
contagion where the introduction of spatial boundaries is pivotal.
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