Human interaction networks reveal that
large cities facilitate segregation
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A long-standing expectation is that large, dense, and cosmopolitan areas will support diverse
interactions and socioeconomic mixing!%. It has been difficult to assess this hypothesis be-
cause past approaches to measuring socioeconomic mixing have relied on static residential
housing data rather than real-life interactions among people meeting at work, in places of
leisure, and in home neighborhoods”?. Here we develop a new measure of interaction seg-
regation (IS) that captures the economic diversity of the set of people that a given person
meets in their everyday life. Leveraging cell phone mobility data to represent 1.6 billion in-
teractions among 9.6 million people in the United States, we measure interaction segregation
across 382 Metropolitan Statistical Areas (MSAs) and 2829 counties. When averaged across
all MSAs, interaction segregation is 38% lower than a conventional static estimate, which
means that people meet diverse others mostly when outside their home neighborhoods. But,
we also find that interaction segregation is 67 % higher in the 10 largest Metropolitan Statis-
tical Areas (MSAs) than in small MSAs with fewer than 100,000 residents. We find evidence
that because large cities can offer a greater choice of differentiated spaces targeted to specific
socioeconomic groups, they end up promoting—rather than reducing—everyday economic
segregation. We also discover that this segregation-increasing effect is countered when hubs
of interaction (e.g. shopping malls) are positioned to bridge diverse neighborhoods and thus
attract people of all socioeconomic statuses. Overall, our findings challenge a long-standing
conjecture in human geography and urban design, and highlight how built environment can
both prevent and facilitate diverse human interactions.
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Introduction
In the U.S., economic segregation is very high, with income affecting where one lives’, who

one marries'’, and who one meets and befriends!'. This extreme segregation is costly: it re-

12— 16,17

duces economic mobility'*!5, fosters a wide range of health problems!'®!”, and increases political
polarization'®. Although there are all manner of reforms designed to reduce economic segregation
(e.g. subsidized housing), it has long been argued that one of the most powerful segregation-
reducing dynamics is rising urbanization'® and the happenstance mixing that it induces'.

As plausible as this “cosmopolitan mixing hypothesis” might seem, big cities also provide
new opportunities for self-segregation, given that they’re large enough to allow people to seek out
and find others like themselves®’. These contrasting hypotheses about the effects of urbanization on
interaction remain untested because it has been difficult to measure real-world interaction among
individuals. In most cases, analysts have treated residential housing segregation as a proxy for

the diversity of interaction’-?!-23

, an approach that rests on the implausible assumption that people
interact uniformly with those in their neighborhood and do not interact with anyone outside their
neighborhood.

To understand how urbanization affects segregation, we instead need a measure that captures
where people go, when they go there, and with whom they come into contact. We introduce a
measure of interaction segretation (IS) by leveraging anonymized cell phone geolocation data to
construct a fine-grained, dynamic network that captures 1.6 billion physical interactions (i.e. path-
crossings) between 9.6 million people in the United States. These data are used to define a measure
of interaction segregation (IS) that extends a traditional static segregation measure by capturing
actual interactions in a given geographic area. In recent years, cell phone networks have been used
for many research purposes* =2, but a nationwide study of economic mobility and urbanization
has not been undertaken because of difficulties in ascertaining individual-level economic status,
determining when dyadic interactions occur, and amassing the data needed to compare across cities
or counties?*2%28-32_ We undertake the first credible test of the “cosmopolitan mixing hypothesis”

and the mechanisms underlying it by using cell phone data to link geolocated interactions with

individual-level economic status in 382 MSAs and 2829 counties.
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Results

We estimate interaction segregation (IS), defined as the extent of contact between individuals of
different economic statuses, for each geographic area in the U.S. (e.g. MSA, county). This en-
tails building a dynamic interaction network with 9,567,559 nodes (representing individuals) and

1,570,782,460 edges (representing interactions/path-crossings in the physical space).

Developing a more realistic measure of socioeconomic segregation. To estimate each per-
son’s economic standing (ES), we first infer their night-time home location from cell phone mo-
bility data, and we then recover the estimated monthly rent value of the home at this location
(Methods M2). This method is more accurate than the convention of proxying individual ES with
neighborhood-level Census averages>®?’. The economic segregation of each geographic region is
measured by the correlation between a person’s ES and the mean ES of everyone with whom they
interact. This correlation is estimated by fitting a linear mixed effects model that eliminates atten-
uation bias (Methods M3). The resulting measure of interaction segregation (Figure 1a-c), which
ranges from O (perfect integration) to 1 (complete segregation), is a generalization of a widely
used measure of socioeconomic segregation, the Neighborhood Sorting Index (NSI)’. The NSI is
equivalent to the correlation between each person’s ES and the mean ES of all people in their Cen-
sus tract, whereas the IS is equivalent to the correlation between each person’s ES and the mean
ES of all people with whom they have interacted, either inside or outside their census tract. Like
the NSI, the IS measures cross-class contact of any type, rather than ties that are persistent and

possibly stronger (such as friendship ties)'!.

Interaction segregation is lower than previously estimated. We find that the median inter-
action segregation across all MSAs is 38% (p<10~%, 95% confidence interval 37% 41%) lower
than a conventional static estimate (NSI; Figure 1d top). To understand why, we examine how
segregation differs by interaction location (Figure 1d bottom). We find that interactions that oc-
cur when both people are within their home Census tract are 41% (p<10~%, 95% CI 38% 44%)

more segregated than under the hypothetical that residents interact uniformly with all people in the
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