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Segregation between human social groups is associated with 
a range of profoundly negative outcomes, including inter-
group conflict, prejudice, inefficient resource allocation, poor 

democratic governance and other socially deleterious effects1–4. 
Segregation is also implicated in topics of intense interest across 
the social sciences, including interpersonal contact and intergroup 
relations5,6, the bridging nature of social networks7–11, poverty1,12 
and political representation13,14. Drawing on these associations and 
using aggregate data, popular and scholarly accounts of politics in 
the United States—and, increasingly, other Western democracies—
describe stark partisan segregation, with members of different 
political parties living separate lives, resulting in partisan rancour 
and threatening the functions of the democracy14–18. Yet, despite the 
association between segregation and important outcomes, and the 
claims of increasing partisan segregation, the measurement of seg-
regation among partisans, as with the measurement of segregation 
for most social groups, is severely limited: researchers must usually 
rely on data aggregations that do not include the actual locations 
of individuals, and thus measurements are limited to summaries 
across large geographical areas, and the experience of individual 
exposure across groups is masked.

In this article, using data on the exact residential address of 
every registered voter in the United States and harnessing advances 
in spatial data computation, we measure the local partisan segrega-
tion for each of these voters, creating a spatially weighted measure 
of cross-partisan exposure for more than 180 million individuals. 
These data create a large-scale measure of individual spatial segre-
gation and yield evidence of the extent of partisan segregation in the 
United States, allowing us to examine the degree to which individu-
als are sorted by partisanship with respect to individual neighbours 
and within small geographic units, such as cities or neighbourhoods.

A large proportion of US voters live with very low levels of 
residential exposure to neighbours from the other party. The most 
extreme political isolation is found among Democrats living in 
high-density urban areas, with the most isolated 10% of Democrats 
in the United States expected to have 93% or more of encounters in 
their residential environment with other Democrats. Similarly high 
levels of partisan isolation are also present for Republicans living in 

rural areas. Such high levels of segregation may imply little exposure 
to competing political ideas from neighbours. In general, for vot-
ers of both parties, high levels of segregation can be found across a 
range of places and densities, and are distinct from, and sometimes 
in tension with, racial segregation. Moreover, even when Democrats 
and Republicans live in the same city—or even the same neighbour-
hood—they are residentially sorted by political party.

These high levels of partisan isolation have several important 
implications. In the United States, political party affiliation is con-
sidered a social identity, analogous to race or religion19, and is a 
powerful predictor of a range of attitudes and behaviours20, includ-
ing behaviours outside of the explicitly political realm21,22. Because 
partisanship is correlated with political ideology and other attitudes 
and behaviours, the extent of a voter’s partisan isolation is likely to 
affect their exposure to individuals different from themselves and 
to competing sociopolitical viewpoints, thus affecting a range of 
important outcomes. Cross-group exposure can be consequential 
for the shaping of intergroup attitudes and behaviours6, includ-
ing the prejudicial attitudes that are levelled across parties in the 
United States23.

Isolated partisan environments may also affect behaviour 
through channels other than (a lack of) interpersonal contact: 
indeed, human behaviour can be shaped by low-level environmen-
tal cues24,25, such as the norms displayed by neighbours, and ran-
domized controlled trials have shown that political messaging from 
neighbours, such as the posting of yard signs, has a persuasive effect 
on voting behaviour26.

Isolation may also contribute to the increasing ideological 
extremity on both the mass and elite levels in the United States27: 
in the marketplace for political ideas, exposure to out-partisans 
may enable the transmission of competing views28 that can reduce 
extremism29. Furthermore, the extremity of political views is cor-
related with political participation30 and participation is correlated 
with influence31, raising the potential that the most isolated parti-
sans are the most politically influential.

Of course, even with residential segregation, cross-group expo-
sure may happen in other environments (for example, S. Athey 
et al., unpublished manuscript). But residential segregation has been 
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shown to shape attitudes and behaviour even when accounting for 
interpersonal cross-group contact and even with widespread access 
to the Internet and other communication technology4. Segregation 
has also been shown to reduce cooperation for shared benefit across 
groups32 and the division of partisans in geographic space is associ-
ated with levels of trust in government and anti-system attitudes33. 
Once in place, the contribution of segregation to these behaviours 
can become self-reinforcing if partisans avoid living in areas where 
they would be a minority; thus, even initially small levels of cluster-
ing could drive extreme segregation34, further separating partisans 
and reinforcing behavioural and attitudinal separation1.

Furthermore, while the scholarly focus on racial segregation 
has often focused on interpersonal contact and other psychologi-
cal mechanisms, the segregation of partisans probably shapes social 
outcomes through many other channels. In particular, segregation 
may also affect campaign and other elite behaviour by allowing poli-
ticians to narrow the ideological appeal of their message35,36, thereby 
reducing the potential for voters to be exposed to cross-cutting 
appeals and allowing politicians to avoid moderating their mes-
sages. Further, the clustering of partisans in space can lead to bias in 
geographically based electoral districts, threatening equitable repre-
sentation in government14.

Results
To calculate partisan segregation, we used data containing infor-
mation on every one of the 180,735,645 registered voters in the 
United States as of June 2018. Until very recently, when some states 
introduced automatic registration of citizens, voter registration was 
voluntary in nearly every state. The data include about 80% of the 
voting-eligible population, which is about 92% of the approximately 
250 million people in the United States over 18 years of age, and 
does not include non-citizens and those who are not allowed to 
vote in certain states because of felony convictions or other reasons. 
With these data, we have the social group membership and exact 
address of almost 75% of the adult population of the United States.

When a person registers to vote, they provide a home address 
and, in most states, declare affiliation with a political party. We 
use these data to construct measures of segregation, leveraging 
advances in geographic data science; using Geohash techniques that 
store latitude and longitude coordinates as strings rather than loca-
tions, we can efficiently measure the spatial relationships between 
large numbers of individuals37. For each of n = 180,660,202 geo-
coded individuals, we measure the distance to their k = 1,000 near-
est neighbours as defined by the closest geodesic distances from the 
registered voters’ residences, creating a distance measure for n × k 
(over 180 billion) dyadic relationships. Thus, for every voter, we 
identify how near they live to each of their 1,000 nearest neighbours 
and combine this information with data on their neighbours’ parti-
sanship to construct individual-level measures of partisan exposure 
and isolation. We decided on k = 1,000 by testing a random sample 
of 1,000 voters with k = 50,000, and found that this provided little 
additional information (Supplementary Information).

With these data, we are able to implement spatially weighted 
measures of segregation38 at a large scale. Measures of segregation 
typically available to researchers are not spatially weighted and do 
not use individual data, and are therefore based on the composition 
of groups in a chosen geographic unit. These measures usually have 
to make the unrealistic assumption of common geographic con-
text for all individuals within the chosen unit, and are potentially 
subject to common problems of aggregate measurement, including 
the modifiable-areal-unit problem and problems of scale, which 
mean that measures of segregation can be extremely sensitive to 
researcher choices of geographic unit.

A standard measure of segregation is exposure, which captures 
the extent to which members of one group live around members of 
another group (or their own group, in the case of isolation)39. This 

and other standard measures of segregation are aspatial, making the 
stringent assumption that where individuals live in relation to each 
other within the geographic unit has no bearing on exposure. This 
assumption creates a checkerboard problem, wherein the measures 
are unable to distinguish between different spatial distributions of 
individuals even if the likely exposure was very different across the 
distributions40. In Fig. 1, for example, using the standard measure 
of exposure the levels of segregation on the top left and top right 
would be the same, despite the starkly different spatial relationships 
across groups. When measuring partisan segregation, because par-
tisans are known to cluster in certain types of places (for example, 
Democrats cluster in the densest parts of cities41), not accounting 
for the spatial relationship of voters may obscure important varia-
tion between individuals and may lead to misleading inferences 
(Fig. 1). Indeed, using the measures we introduce below, we cal-
culate that for half of voters, not accounting for distance distorts 
exposure by 22% or more; for 25% of voters, the distortion is 40% 
or more; and, in some extreme cases, the distortion exceeds 100% 
(Extended Data Figs. 1–3).

By measuring the distance between individuals, our measures 
are not subject to these issues. Our primary measure is a weighted 
average of exposure38 in which the proportion of people associated 
with each party among an individual’s 1,000 nearest neighbours is 
weighted by the inverse of the distance in metres from each neighbour 
(Weightk ¼ 1

dþ1
I

, where d is the distance of neighbor k from voter i).  
Weighting by distance gives greater emphasis to an individual’s 
closest neighbours, so the partisanship of a next-door neighbour is 
more important when describing partisan exposure than that of a 
more distant neighbour (Fig. 1). These individual-level measures of 
spatial exposure also enable us to flexibly explore segregation at any 
level, from segregation from one’s most immediate neighbours up to 
any arbitrarily large level of geography (Fig. 2).

In measuring partisan segregation, we confront the challenge of 
how to account for voters who cannot or do not explicitly declare 
membership in a party. Partisanship is recorded at the time voters 
register in 30 states and in DC. If we were to measure segregation 
only in these states, we would miss large sections of the United 
States. Furthermore, in all states, some voters choose not to register 
with one of the two major political parties, even if they have the 
option of doing so. If we were to measure segregation only among 
voters officially registering as Democrats or Republicans, we would 
clearly misrepresent the levels of isolation or exposure to voters 
with similar or different political ideologies; extensive evidence 
shows that all but a small proportion of officially independent and 
minor-party voters have stable preferences for one of the major par-
ties and ideological orientations indistinguishable from those of 
major party members42–45.

Thus, before constructing measures of segregation, we impute 
partisanship for voters who are not registered as Democrats or 
Republicans. Such imputation techniques, relying on similar infor-
mation, are commonly used by political campaigns. We impute 
using a three-step process in which we first code a voter as a 
Democrat or Republican on the basis of the last partisan primary 
in which they cast a ballot; for example, if a voter votes in a primary 
election to select Democratic candidates for office, we impute that 
voter as a Democrat. Next, we classify voters registered to a third 
party with a clear left or right ideological leaning as Democrats (left) 
or Republicans (right). Using these updated counts, we then impute 
partisanship for the remaining independents through a Bayesian 
process using priors constructed from 2016 precinct-level presi-
dential vote share and individual-level demographic characteristics. 
This is a process similar to imputation methods for race that have 
been used successfully in academic research46,47 and by political 
campaigns36 (see Extended Data Fig. 4 for sensitivity of results to 
the imputation and Supplementary Information for details of the 
imputation process and summary statistics).
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Then, using contact information from the voter file, we validate 
these imputations in a survey of 12,221 voters, finding that we impute 
voters’ partisanship with an accuracy of 77%. This is near the maxi-
mum accuracy that may be possible given the instability observed 
in previous surveys of self-reported partisanship19, indicating a high 
degree of accuracy for our method of imputation (Extended Data  
Fig. 5). We also show that voters with imputed partisanship are nearly 
ideologically identical to non-imputed voters, both in states with par-
tisan registration and in those without, indicating that our imputation 
of those not registered as partisans accurately models the exposure to 
competing political ideas experienced when sharing residential envi-
ronments with registered partisans (Supplementary Information).

These imputations yield a probabilistic score of being a parti-
san. When calculating isolation for voter i, we weight the contribu-
tion of each neighbour k by these posterior partisan probabilities, 
which will, on average, recover the probability of encountering 
members of the other party in their local environment. When 
making aggregate summaries of Democrat and Republican expo-
sure (isolation), we also weight central tendencies and distribu-
tions by these probabilities.

With these imputations, we may be capturing the latent parti-
san tendencies of geographic areas, similar to the political science  
concept of the ‘normal vote’48. In the Supplementary Information, 
we show that our measure of partisanship is highly correlated 
(r = 0. 92) with standard measures of the normal vote49 at the  
county level.

Although our main analysis treats partisanship as a probability of 
being a Democrat or Republican, rather than a binary classification, 
the assignment of voters to discrete partisan categories may not 
capture an individual’s latent strength of identification with these 
categories. This limitation is shared by standard measures of other 
social identities and segregation, including those measuring race, 
where discrete categories may not capture the strength of psycho-
logical attachment to those categories. While this is partially driven 
by technology—for example, it is not possible to survey every per-
son in a large area to learn the strength of their partisan or racial 
identification—it is consistent with the psychology of group attach-
ment that views categories as discrete (for example, in ref. 50) and 
makes our measure consistent with other measures of segregation 
that rely on discrete categorizations.
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Fig. 1 | Spatial and aspatial measures of segregation. Using aspatial measures of segregation, the average exposure of red and blue individuals  
(n = 1, 000) in the top left and and top right maps are the same. Spatial weighting captures the apparent much higher segregation in the top right 
compared with the top left. Drawing on real data, a Republican in a suburb of Milwaukee, WI (red house, bottom left), has an unweighted exposure to 
Democrats (blue) of 0.36 among the k = 1,000 nearest neighbours, but because other Republicans (red) are also clustered along the lake shore, many 
of whom are less than 1 km away, the spatial exposure to Democrats is 0.15. A Democrat in rural southeastern KS (blue house, bottom right) has an 
unweighted exposure to Republicans of 0.64 among the k = 1, 000 nearest neighbours, but because other Democrats in the area are clustered in the 
centres of small towns more than 7 km away, the voter is isolated from other Democrats and their spatial exposure to Republicans is 0.98. Base maps 
(bottom row): ESRI.
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Spatially weighted measures of partisan isolation and exposure 
are defined as:

Spatial isolationi ¼
P

k ¼ 11;000 1
ðdkþcÞa Pðpk ¼ piÞ

P
k ¼ 11;000 1

ðdkþcÞa

Spatial exposurei ¼
P1;000

k¼1
1

ðdkþcÞa Pðpk ¼ qiÞP1;000
k¼1

1
ðdkþcÞa

where pi is the partisan identification of voter i, qi is the opposite 
partisan identification (if Democrat, Republican, and if Republican, 
Democrat) of voter i, pk is the partisan identification of neighbour 
k, Pðpk ¼ piÞ

I
 is the posterior probability that neighbour k has the 

same partisanship as neighbour i, dk is the distance in metres neigh-
bour k lives from voter i, c is a constant adjustment made so that 
when dk = 0 the expression is not undefined, and a is an exponent 
to which we raise the denominator of the distance weight to con-
trol how much weight is given to proximity in the measure. In the 

main analysis, we set c = 1 and a = 1. Setting c higher would decrease 
the weight given to the smallest distances, and setting a higher 
would give greater weight to distance in general, placing even more 
emphasis on the closest neighbours and increasing the intensity of 
segregation (we show results with other weighting schemes in the 
Supplementary Information).

Spatial exposure and isolation represent a person’s residential 
partisan experience. Of course, there can be partisan exposure 
outside of the residential context, for which we cannot account, 
and other variables within a voter’s residential context, such as the 
density of non-voters, can influence the likelihood of interaction 
with partisan neighbours. Spatial exposure and isolation represent 
the potential exposure that come from the spatial arrangement of 
partisans: the likelihood, all else being equal, of encountering a 
neighbour of a given party in one’s residential life. Exposure ranges 
from 0 to 1, with 0 being no exposure to the other party and 1 being 
only exposure to the other party. Isolation of 1 is perfect isolation, 
encountering only one’s own party, and 0 is encountering only the 
other party. Exposure of 0.01 would mean that we expect, all else 
being equal, only 1 out of 100 interactions in a voter’s residential 
context to be with a person from the other party. Exposure to the 

Party affiliation
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Fig. 2 | measuring spatial exposure across increasingly small geographies. The exact residential location of every Democrat and Republican in the United 
States (n = 180,660,202, top left) can be used to measure each Democrat’s spatial exposure to Republicans, and this can be averaged across arbitrarily 
small grid cells for display purposes (1,000 × 1,000 grid, bottom left). Exposure can be examined across any resolution: markedly different residential 
exposure to Republicans can be seen in Manhattan, NY (500 × 500 grid, top right), with Democrats on the northern and southern extremes of the island 
having almost no residential exposure to Republicans, whereas Democrats on the Upper East Side (the neighborhood immediately to the right of the lower 
section of Central Park, which is the long rectangle with no voters in it located in the center of the island) have exposure as high as 0.5 due to the clustering 
of Republicans in this area. A magnified view of the Upper East Side of Manhattan (75 x 75 grid, bottom right) shows the clustering of Republicans along 
Central Park and thus Democrats’ decreasing exposure to Republicans moving towards the northeast. Map data (righthand figures): Google, TerraMetrics.
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other party is not necessarily the inverse of isolation, because a small 
proportion of voters are true independents, neither registering with 
nor otherwise aligning with either party. Thus, voters not perfectly 
isolated from their own party might still not have any exposure to 
voters from the other party.

Average exposure. The average Democrat’s exposure to Republicans 
is 0.30 and the average Republican’s exposure to Democrats is 
0.36. Given that the nationwide proportions of Republicans and 
Democrats are 43% and 51%, respectively, this represents substan-
tially lower cross-party exposure than would be expected if partisans 
were not segregated into different residential environments. For 
both the median Democrat and the median Republican, only about 

3 in 10 of their interactions in their residential environment will, on 
average, be with a member of the other party, all else being equal. 
Moreover, the national distribution (Fig. 3) shows a large portion 
of voters living in extreme isolation; nationwide, 10% of Democrats 
live with virtually no exposure to out-partisan neighbours (expo-
sure < 0.05) and a majority of Democrats and Republicans live with 
isolation levels well above the threshold of 0.60 commonly used to 
describe high isolation in the context of race in municipal areas1.

Democrats and Republicans are segregated in most types of 
places. Partisan segregation is not distributed evenly across the 
United States and thus the level of residential interaction across 
party lines will vary depending on where a voter lives. The flexibility 
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Fig. 3 | Nationwide distribution of partisan spatial isolation and exposure. Democrats are shown in blue and Republicans are in red. Solid vertical lines 
represent mean values and dashed lines represent median values. Coloured cells present spatially weighted proportions of out-party (exposure) or 
in-party (isolation) neighbours across percentiles. The distributions are weighted by the posterior partisan probabilities (n = 180,660,202 voters).
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of individually measured segregation allows us to describe segrega-
tion across places defined in any way and thus we can observe how 
partisans are likely to interact across the suburbs and central cities 
of both large and small urban areas, as well as rural locations.

In major urban areas (core-based statistical areas (CBSAs) with 
more than 1 million residents, the largest of which is the New York–
Newark–Jersey City area and the smallest of which is the Tuscon, 
AZ area) Democrat exposure to Republicans is extremely low, espe-
cially in the dense urban cores (Fig. 4). Notably, a large plurality of 
Democrat voters live in these areas and the very low levels of expo-
sure extend even to the medium-density suburbs of these major 
areas and to minor urban areas (those with fewer than 1 million 
residents, the largest of which is Honolulu).

It is only when reaching areas where relatively few voters are 
located—the very-low-density areas on the fringe of or entirely 
outside urban areas—that Republican exposure to Democrats 
becomes lower than Democrat exposure to Republicans. In these 
areas, many Republicans live with extremely low levels of expo-
sure to Democrats and the typical Republican begins to experience 
the sharp partisan isolation characterizing the experience of the 
typical Democrat in more dense locations. However, isolation in 
rural areas is present not only for Republicans—modal Democrats 
in low-density places outside of urban areas, who are often rural 

Hispanics, African Americans and Native Americans, also have 
levels of exposure less than 0.10.

Even in the low-density outer suburbs of the major, and some 
minor, urban areas, a large proportion of Democrats have virtu-
ally no exposure to Republicans in their residential environment, 
and the modal Republican also has low levels of exposure (approxi-
mately 0.20) to Democrats. These low levels of exposure for both 
Republicans and Democrats in the low-density suburbs of major 
urban areas suggests that segregation is not solely a product of 
the sorting of Democrats into central cities and Republicans into 
suburbs—rather, even within the suburban fringes of urban areas, 
Democrats and Republicans are separated.

Partisans sort even within neighbourhoods. The severity of resi-
dential segregation demonstrates significant separation of partisans 
across the United States, but the extent of sorting can be better 
understood by comparing cross-party exposure of Republicans 
and Democrats living in the same places. For example, a propor-
tion of the high isolation experienced by Democrats in the dense 
areas of large cities is to be expected, because many more Democrats 
than Republicans live in these large cities. But to what extent  
do Democrats and Republicans living in the same areas still have 
different levels of partisan exposure?
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Fig. 4 | isolation by density and urban area. Histograms shows individual-level spatial partisan exposure subset by the population density (high, medium, 
low or very low) of the voter’s census tract and the type of urban area (major, minor or outside metropolitan area) in which they live, separately for 
Democrats (blue) and Republicans (red). Solid vertical lines represent mean values and dashed lines represent median values. Distributions are weighted 
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We compared the exposure of partisans to that of out-partisans 
living in the same geographic area, finding that even conditional on 
the choice to live in a larger geography, say within a particular city or 
even within the same neighbourhood, Democrats and Republicans 
still cluster with voters from their own party. We demonstrate this 
by constructing an index of relative exposure, defined as the dif-
ference between the average spatial exposure of partisans within 
a geographic unit to the average spatial isolation of out-partisans 
also living in that geographic unit. So, the relative exposure for 
Democrats in a geographic unit would be the difference between 
average Democrat exposure to Republicans and average Republican 
exposure to Republicans within that unit. This captures the extent 
to which members of one party experience different partisan 
environments than members of the other party living in the same 
geographic unit. If after moving into the geographic unit, no fur-
ther sorting was occurring, we would expect this difference to be 
0. For example, a city where Republicans have a relative exposure 
of −0.20 would be a city where out of a voter’s 100 nearest neigh-
bours, Republicans on average would have 20 more nearest neigh-
bours who are also Republicans than the average Democrat has 

Republican neighbours. Notably, such comparisons across groups 
in the same geographic area are not possible when using traditional 
aspatial measures of exposure.

We calculate relative exposure across a range of geographies. 
Because we measure the exposure of individuals, we can measure 
relative exposure in any arbitrarily defined unit and therefore avoid 
problems such as the modifiable-areal-unit problem. However, to 
facilitate comparison with previous research, we use commonly 
used geographies and compare Democrats and Republicans living 
in the same state, urban area (CBSA), county, city or town, ZIP code 
and census tract.

At every level of geography, both Republicans and Democrats 
have relative exposure far lower than 0, indicating that substantial 
sorting does occur (Fig. 5). Large-scale sorting can be seen at the 
state level—probably driven by the clustering of Democrats into 
urban areas—but even within cities, Democrats and Republicans 
sort into different places, again indicating that partisan segregation 
is not merely a result of large-scale geographic trends such as an 
urban–rural divide. Moreover, even within census tracts, a small 
level of geography often used in social science research to represent 
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a neighbourhood, both Democrats and Republicans cluster more 
with their co-partisans than with out-partisans. Even at these small 
geographic levels, the difference between Democrats’ exposure to 
Republicans and that of Republicans’ to other Republicans (and vice 
versa) is 11 percentage points greater than we would expect if there 
was no partisan sorting within the geographic unit. This disparity 
indicates that, even after the Democrats and Republicans make the 
choice to live in similar neighbourhoods, they still live with notice-
ably different levels of partisan exposure (in the Supplementary 
Information, we demonstrate the robustness of these results to 
dropping neighbours who live in the same household as the voter).

Partisan segregation is distinct from racial or ethnic segrega-
tion. In the United States, race and ethnicity are highly correlated 
with partisanship, such that Republicans are much more likely than 
Democrats to be in the non-Hispanic white group. Much partisan 
segregation may be a function of the significant racial and ethnic 
segregation in the United States. Because we can observe the race 
and ethnicity of individuals on the voter file, we can examine how 
much partisan sorting is merely a function of racial/ethnic sorting.

We compare partisan exposure measured among all neighbours 
to the same measures but with exposure measured only among 
neighbours of the same race or ethnicity. Among non-Hispanic 
white voters, the distribution of the difference between exposure cal-
culated among all voters and among only their non-Hispanic white 
neighbours is narrowly centred around 0, indicating that, on average, 
partisan exposure within race and ethnicity for non-Hispanic white 
voters mirrors general partisan segregation and, thus, partisan segre-
gation is not only a function of racial or ethnic segregation (Extended 
Data Fig. 6 and Supplementary Information show distributions of 
the same test for voters from other racial and ethnic groups).

For non-Hispanic white Democrats, racial or ethnic segregation 
may actually reduce the levels of partisan segregation that would 
be expected if more non-Hispanic white Democrats lived near vot-
ers from other racial and ethnic groups. Partisan exposure, subset 
to non-Hispanic whites and voters from all other racial and eth-
nic groups by party (Figure 6), reveals high partisan isolation of 
Democrats who are members of racial and ethnic groups other than 
non-Hispanic white and, among the relatively small numbers of 
Republicans from racial and ethnic groups other than non-Hispanic 
white, the highest exposure of any group. This is probably attribut-
able to the forces of racial and ethnic segregation clustering together 
voters who are not non-Hispanic whites, regardless of partisanship. 

Consequentially, the most isolated partisans are Democrats from 
racial and ethnic groups other than non-Hispanic white, indicating 
that the patterns of racial segregation may influence the creation 
of these clusters of extreme partisan isolation. By contrast, levels 
of exposure for non-Hispanic white Democrats and non-Hispanic 
white Republicans are largely similar to each other and higher than 
for Democrats from other racial or ethnic groups. This discrepancy 
between non-Hispanic white voters and voters from other racial or 
ethnic groups is suggestive evidence that non-Hispanic white voters 
sorting away from members of other racial or ethnic groups (for 
example, in ref. 51) increases their exposure to non-Hispanic white 
members of the out-party, thus increasing the levels of partisan 
exposure over what would be present if partisan segregation were 
merely a function of racial or ethnic segregation.

Discussion
The isolation of voters by political party is a widely discussed feature 
of contemporary American politics. Uneven distributions of voters 
threatens equitable representation14, and isolation from opposing 
political viewpoints may influence the development of partisan 
affect, policy preferences and patterns of political behaviour, and 
may also shape the strategies of campaigns and elected officials. 
Despite claims of a starkly segregated America, partisan segrega-
tion to date has been imprecisely measured, so the extent of partisan 
sorting was only understood across very large geographies.

By using geolocated records to develop a spatially weighted 
measure of exposure to neighbours of both parties for every voter 
in the United States, we move beyond conventional measures of 
segregation by measuring exposure at the individual level, circum-
venting common problems of aggregate measurement present in 
most measures of segregation, and by incorporating the distance 
between neighbours into our measurement. This yields an account-
ing of individual spatial segregation of partisans for the entire 
United States.

As we note throughout this article, our method involves mea-
surement choices that may affect the conclusions drawn from our 
study. These include choices about the size of the set of neighbours 
used to construct indices of segregation; choices of weights on dis-
tance; and the imputation of partisanship. For each of these choices, 
we have shown the sensitivity of our results in the Supplementary 
Information. It is also important to note that we can only measure 
exposure to registered voters, so our measures cannot directly 
account for exposure to people who are not registered to vote. 
Further, although voter files are regularly cleaned to remove voters  
who have died, moved or otherwise left their location, some of 
these may remain in our analysis. We also measure distance using 
the most direct geodesic route between voters and do not account 
for features of the built environment, such as buildings and road 
networks, that may also affect exposure. Although we have no 
reason to suspect that these choices create systematic error, future 
researchers may want to account for these complexities. Finally, 
because partisan exposure may, in itself, cause changes in individual  
partisanship (J. R. Brown, unpublished manuscript), researchers  
should account for the dynamic features of partisan geography  
(J. R. Brown et al., unpublished manuscript) that our cross-sectional 
analysis does not capture.

Our results show high partisan segregation across the country, 
with most voters of both political parties living in partisan bubbles 
with little exposure to the other party. These high levels of isola-
tion exist in different types of regions and at different population 
densities. Democrat exposure to Republicans is on average lower 
than Republican exposure to Democrats, markedly lower in high 
and medium population densities, and higher than Republican 
exposure to Democrats in low-density areas. Republican exposure 
is lowest in very-low-density areas. We also demonstrate that par-
tisan segregation is distinct from racial and ethnic segregation, and 
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that for non-Hispanic white voters, racial and ethnic sorting may 
reduce partisan isolation. Comparing Democrats and Republicans 
who live in the same city or neighbourhood, we find substantial dif-
ferences in partisan environments, evidence that partisan sorting is 
driven by forces beyond the decision to live in specific, states, cities 
or neighbourhoods.

The high levels of partisan segregation can probably be explained 
by two broad and different, but not mutually exclusive, mechanisms 
that may provide fruitful areas for future research. First, previous 
research has shown that the correlation between residential den-
sity and partisanship has long historical roots related to Democrats 
and Republicans sorting into different types of housing, often as a 
function of occupation and income, producing stable geographic 
patterns of partisanship even across generations41. This points to 
partisan segregation arising largely from the immobility of voters. 
A second mechanism, consistent with the sorting that is found even 
within neighbourhoods and with the partisan sorting that is in 
addition to racial sorting, is the influence of micro-level behaviours 
on these large-scale patterns. While the best available evidence 
shows that most voters consider the partisan composition of an 
area to be low on their list of priorities when choosing neighbour-
hoods52, it is still possible that partisan differences in income and 
lifestyle preferences, such as transportation and type of housing, 
may drive some voters to select different cities, neighbourhoods 
and, in some cases, streets or houses within neighbourhoods, even 
if partisanship is not an explicit criterion for selection. As partisan-
ship becomes more correlated with lifestyle differences53, such sort-
ing may be further exacerbated.

Furthermore, there is evidence for party-based affective attitudes 
among Americans that are, by some measures, stronger than effects 
based on race23. Given that individual attitudes were responsible 
for some—although certainly not all—of the large-scale racial and 
ethnic sorting that occurred across neighbourhoods in the United 
States1,34, it is possible that some voters, especially if they have 
already selected a city or neighbourhood in which to live, make 
decisions on the basis of the partisanship of their neighbours, driv-
ing some of the clustering that we observe. Moreover, if voters make 
decisions about where to live on the basis of the characteristics of 
their potential neighbours that are correlated with partisanship, 
such as their race or ethnicity and income, this can also drive the 
sorting we observe, both at large levels such as the city and small 
levels such as the neighbourhood.

methods
This research was approved by the Harvard University Committee on the Use of 
Human Subjects. Informed consent was obtained from all survey participants. 
These participants did not receive monetary compensation for their participation.

Voter file. Our voter file was obtained from L2, a commercial data vendor 
working with both major political parties in the United States. The file contains 
180,735,645 entries, reflecting the count of registered voters in the United States 
as of June 2018. We removed 75,443 entries could not be successfully geocoded, 
leaving 180,660,202. L2 and other commercial vendors obtain these data from 
state governments, who collect it for the purposes of administering elections and 
helping incumbent politicians in their campaigns36. The vendors then sell these 
data to political campaigns for voter targeting. Voter data provided by the states 
usually includes a large number of records that are invalid because the registrant 
has died or moved and re-registered. L2 and other vendors attempt to remove  
these records before selling the data. The commercial vendors also attempt to  
link people across time, preserving parts of their records as they change addresses 
and/or states delete older data.

Voters’ race or ethnicity is available on voter files, either because it is recorded 
at the time of registration in some states or from imputation methods46 similar to 
those we implemented for party in this study.

Data processing. The analysis in this manuscript relies on the spatial processing 
technique of geohashing. Geohash is a public domain encoding system that stores  
spatial location data in strings of letters and numbers. This technique is an 
application of z-order curves, transforming multi-dimensional data to a single 
dimension to allow for more efficient processing of such data37. These techniques 

were applied to the latitude and longitude coordinates of the residence of each 
registered voter in the United States, so that k-means analysis can identify 
the nearest neighbours and measure distances between neighbours for each 
voter in the nationwide voter file. This data-processing plan was developed in 
collaboration with Harvard University’s Center for Geographic Analysis (CGA), 
which implemented the nearest-neighbours analysis and distance calculations. 
The processing was implemented on Amazon Web Services across ten Postgres 
instances with PostGIS add-ons. Processing of the entire file in this setup took 
approximately four weeks of continuous computation time. The output was a 
dataset of 1,000 × 180,660,202 rows listing the 1,000 nearest neighbours of each 
voter, with columns for the neighbour’s partisanship and the distance they live 
from the voter.

With these data in hand, we calculated weighted averages of spatial partisan 
exposure and isolation and other partisan segregation, racial segregation and 
general summary statistics for each voter in the file. This stage of the analysis 
was also conducted on Amazon Web Services, using an instance calibrated for 
parallel processing in R. Total computation time for this stage was more than 200 h, 
completed in multiple instalments.

Partisanship imputation accuracy. We calculated the accuracy of our imputation 
of partisanship using a Brier score method to measure deviations of the imputed 
posterior partisan probabilities from the self-reported ideology of the survey 
respondents. This yields an accuracy of 77%. The error rate in this context does 
not mean that we incorrectly predict 23% of voters’ partisan exposure. Since our 
measures of spatial partisan exposure and isolation are weighted averages of the 
probability of republican and democratic affiliation across all neighbours, when 
our probabilistic forecast underestimates the extent to which a voter prefers the 
Republican to the Democratic party, or vice versa, we are directly accounting for 
this uncertainty (Supplementary Information).

Examining other data from our survey and previous panel surveys gives a sense 
of the expected upper bound of accuracy in surveying partisan identity, which our 
77% accuracy approaches. Our survey included registered voters and the match 
between registered party and self-reported partisan identity from the survey is 84% 
(84.31% for Republicans and 83.37% for Democrats) (Extended Data Fig. 5).  
This is similar to what we might expect on the basis of temporal instability of 
partisan identification in panel surveys19, which report stability of self-reported 
partisanship in panel surveys of 0.80 to 0.85 over 2 years, 0.82 to 0.84 over 1 year, 
and 0.83 to 0.90 over less than 1 year. In most cases with our data, the registration 
happened many years before the survey, so temporal stability of 84% slightly 
exceeds what might be expected from the two-year findings of ref. 19. Furthermore, 
assuming that partisanship as a social identity is unlikely to change over a short 
time period, the instability of 0.10 to 0.17 in a period of less than a year may be 
largely attributable to survey error and, therefore, gives an estimate of survey 
instability that comes from stochastic fluctuations or survey error. This implies an 
expected upper bound of a match between a survey response and another measure 
of partisanship of 0.83 to 0.90.

We can also use our imputed scores to assign each voter a discrete party 
affiliation based on the party with the highest probability from the imputation. 
Through this process, we classify 89% of voters not registered to a major party 
as leaning toward either Democrats or Republicans, which is very close to the 
proportion of non-partisan voters who consistently vote either Democrat or 
Republican according to previous studies43. With party assigned in a discrete 
manner, our measures are not weighted by party. In the Supplementary 
Information, we present results with party classified in this way.

Nationwide proportion of Democrats and Republicans. The nationwide 
proportion of Democrats and Republicans of 51% and 43%, respectively, is calculated 
by taking the average of posterior partisan probabilities across all US voters.

Density classifications. We classify high, medium, low and very low density by 
the population per square mile of the Census Tract in which a voter lives, using the 
classifications developed by D. H. Montgomery of CityLab (Table 1).

Table 1 | Density classifications by households per square mile

Classification Households per square 
mile

Percent of voters

Very low density <102 22.92%
Low density [102, 800) 28.90%
Medium density [800, 2,213) 29.15%

High density ≥2,213 18.97%

We classify high, medium, low and very low density by the population per square mile of the census 
tract in which a voter lives, using the classifications developed by D. H. Montgomery of CityLab.
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Geographic definitions and sources. We use geographic units of state, urban 
area, county, city or town, ZIP code, census tract and precincts. Precincts are used 
to create the imputations of partisanship. All geographic units except precincts 
are from the United States Census definitions from 2010 or later. Urban areas are 
defined by CBSAs and city and town are defined by census places, which includes 
incorporated places and census-designated places that are not incorporated.

Voters’ state, county, ZIP code and census tract were taken directly from the 
voter file. Urban area is defined by county location extracted from the voter file 
and city or town is defined by a spatial merge of voters individual locations’ with 
shapefiles provided by the Census Bureau. Precincts were collected from the MIT 
Election Lab (https://electionlab.mit.edu/) and the authors’ own searches of state 
election administrations.

The distribution of registered voters in each geographic unit is listed in Table 2 
and the percentage of voters with non-missing cases for each of these variables is 
listed in the Supplementary Information.

Relative exposure. Relative exposure is the difference between the average spatial 
exposure of partisans within a geographic unit to the average spatial isolation of 
out-partisans also living in that geographic unit:

Relative exposureg;p ¼
P

i2fgg P ðpÞiExposurei;pP
i2fgg P ðpÞi

�
P

i2fgg P ðqÞiIsolationi;qP
i2fgg P ðqÞi

where relative exposure for party p within geographic unit g is the weighted average 
(weighted by, P(p)i, the posterior probability of voter i being in-party p), of party p’s 
exposure to out-party q, across all voters i in geographic unit g, minus the weighted 
average (weighted by P(q)i) of party q’s isolation, or exposure to itself.

We compare Democrats and Republicans living in the same state, urban area, 
county, city or town, ZIP code and census tract. At each level of geography, for 
both Democrats and Republicans, a population-weighted t-test for a mean different 
than zero yields P < 0.001 (two-tailed test). Further details are provided in the 
Supplementary Information.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Anonymized replication data are available in the Harvard University Dataverse at 
https://doi.org/10.7910/DVN/A40X5L.

Code availability
All replication code are available in the Harvard University Dataverse at https://doi.
org/10.7910/DVN/A40X5L.
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Extended Data Fig. 1 | Spatial versus aspatial Exposure/isolation. Nationwide distribution (n = 180,660,202) of individual spatial (left) and aspatial 
(right) partisan isolation and exposure separately for Democrats (blue) and Republicans (red). Solid vertical lines represent mean values and dashed  
lines represent median values. The distributions are weighted by the posterior partisan probabilities.
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Extended Data Fig. 2 | individual Differences in Spatial versus aspatial Exposure/isolation. Nationwide distribution (n = 180,660,202) of individual-level 
changes in partisan Exposure and Isolation separately for Democrats (blue) and Republicans (red). The histograms on the left show the percentage point 
difference in spatial and aspatial exposure, while the histograms on the right show the percent change. Solid vertical lines represent mean values and 
dashed lines represent median values. The distributions are weighted by the posterior partisan probabilities.
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Extended Data Fig. 3 | individual absolute Differences in Spatial versus aspatial Exposure/isolation. Nationwide distribution (n = 180,660,202) of 
individual-level absolute changes in partisan Exposure and Isolation separately for Democrats (blue) and Republicans (red). The histograms on the left 
show the percentage point absolute difference in spatial and aspatial exposure, while the histograms on the right show the absolute percent change. Solid 
vertical lines represent mean values and dashed lines represent median values. The distributions are weighted by the posterior partisan probabilities.
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Extended Data Fig. 4 | Exposure and isolation with imputation versus Without imputation. Nationwide distribution (n = 180,660,202) of individual 
spatial partisan isolation and exposure with imputation of partisanship (left) and without (right) separately for Democrats (blue) and Republicans (red). 
Solid vertical lines represent mean values and dashed lines represent median values. The distribution on the left is weighted by the posterior partisan 
probabilities.

NaTuRE HumaN BEHaviouR | www.nature.com/nathumbehav

http://www.nature.com/nathumbehav


Articles NATURE HUMAN BEHAvIoURArticles NATURE HUMAN BEHAvIoUR

Extended Data Fig. 5 | See next page for caption.
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Extended Data Fig. 5 | Percent self-report Partisan Category by Posterior Partisan Probability. LOESS lines plotting the relationship between posterior 
partisan probability (Republicans on top, Democrats on bottom) and the rates of survey respondents reporting as the corresponding partisanship. The 
correlation is limited to the subset of survey respondents (n = 7, 087) who are not registered with a major political party. Black lines plot the LOESS 
curve with survey weights incorporated, red/blue lines without survey weights. The 45-degree grey line plots a perfect 1-to-1 relationship between 
posterior partisan probability and self-reported partisanship. The horizontal dotted lines show the rates at which survey respondents who are registered 
Democrats/Republicans self-report partisanship in agreement (or disagreement for the lower lines) with their actual partisan registration. That is, 
the upper blue (red) dotted line represents the proportion of survey respondents we know are registered Democrats (Republicans) who self-report as 
Democrats (Republicans), and the lower dotted line represents the proportion who do not self-report as Democrats (Republicans). These lines represent 
lower and upper bounds on how accurate we can expect our forecast to appear when measured against survey data. The histogram on the bottom plots 
the frequency distribution of posterior partisan probabilities across the unaffiliated subset.
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Extended Data Fig. 6 | Partisan Segregation vs. non-Hispanic White-only Partisan Segregation. Distribution for non-Hispanic white voters (n = 115,736,045) 
of differences between partisan segregation calculated from all 1,000 nearest neighbors and partisan segregation calculated only from non-Hispanic white 
neighbors. Positive Isolation values means that a voter appears less isolated by partisanship when we look only at their non-Hispanic white neighbors. 
Positive Exposure values means that a voter appears to have less cross-party exposure when we only look at their white neighbors. Distributions are 
plotted separately for Democrats (blue) and Republicans (red). Solid lines represent mean values and dashed lines represent median values. Distributions 
are weighted by posterior partisan probabilities.
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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection No software was used to collect data for this project.

Data analysis Identification of closest neighbors and distance calculation was conducted in PostGIS. Analysis of these data and production of all figures in 
the paper were conducted in R. Maps were produced using R, except for nearest neighbor maps, which were produced in ArcGIS.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

All replication materials are available in the Harvard University Dataverse:  https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/A40X5L
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Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Quantitative observational data

Research sample The sample of study is the population of U.S. registered voters in 2018. Data are collected from nationwide voterfiles listing every 
registered voter in the country as of the date of the voterfiles. We choose this sample because we this project analyzes partisan 
sorting for every voter using individual data, and thus the entirety of the voting population is necessary for this fine-grained analysis.  
 
Supplementary analyses use an original survey of 12,221 registered voters. This supplementary analysis is used to validate 
imputations of partisanship, and we survey a sample of voters in our larger study to directly validate imputations, connecting self-
reported partisanship and ideology to our individual imputations.

Sampling strategy The sample is defined as all U.S. registered voters listed in nationwide voterfiles as of 2018. Inclusion in the study hinges on a voter 
being recorded in these voterfiles. 
 
Potential survey respondents were randomly sampled after stratification by state and whether partisanship was visible on the 
voterfile, with an over-sample of non-partisans. Respondents were contacted by email from email addresses linked to the voterfile by 
the vendor L2. We sent emails to 1,753,493 unique voters. Of these e-mails, 47.2% bounced, indicating that the e-mail was invalid or 
that our e-mail was rejected by the server, perhaps for spam protection. Thus, 925,339 unique voters received an invitation to 
participate in our survey, and we received 12,221 responses, as response rate of 1.3%, which is similar to the single-digit response 
rates expected for modern phone or e-mail surveys.

Data collection Voterfile data was acquired from the vendor L2, a non-partisan firm that provides voterfile data to campaigns and researchers. 
Survey data were collected by email from email addresses linked to the voterfile by the vendor L2. Surveys were administered by 
Qualtrics and were accessed by consenting respondents through an e-mail link.

Timing All voterfiles for our study are current as of June 2018. Survey data for supplementary analyses were collected between June 10, 
2019 and October 30, 2019.

Data exclusions Of the 180,735,645 registered US voters in our study, 75,443 were removed from the final analyses because they could not be 
successfully geocoded.

Non-participation Four our survey, we sent emails to 1,753,493 unique voters. Of these e-mails, 47.2% bounced, indicating that the e-mail was invalid 
or that our email was rejected by server, perhaps for spam protection.  Thus 925,339  unique voters received an invitation to 
participate in our survey and we received 12,221 responses for a response rate of 1.3%

Randomization Participants were not allocated into randomized groups.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging
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Human research participants
Policy information about studies involving human research participants

Population characteristics Supplementary analyses use an original survey of 12,221 registered voters. Potential survey respondents were randomly 
sampled after stratification by state and whether partisanship was visible on the voterfile, with an over-sample of non-
partisans. Population characteristics reflect characteristics of the U.S. registered voters, and thus cannot be below the age of 
18, and must be registered to vote.

Recruitment Potential survey respondents were randomly sampled after stratification by state and whether partisanship was visible on the 
voterfile, with an over-sample of non-partisans. Respondents were contacted by email from email addresses linked to the 
voterfile by the vendor L2. We sent emails to 1,753,493 unique voters. Of these e-mails, 47.2% bounced, indicating that the 
e-mail was invalid or that our email was rejected by server, perhaps for spam protection.  Thus 925,339  unique voters 
received an invitation to participate in our survey and we received 12,221 responses for a response rate of 1.3%, which is 
similar to the single digit response rate for modern phone or email surveys. 

Ethics oversight Harvard IRB

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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