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Summary
Skilled migration is key to understanding spatial 
productivity differences (static and dynamic). 

Important variable for policy design in city planning, 
industrial policy, higher education. 

Growing cultural polarisation, possible contribution to 
cultural grievances (Norris and Inglehart, 2019).



Mile End, Montreal. Source: MTL Blog (mtlblog.com).

http://mtlblog.com


Internal migration moves into and out of 
London, year ending June 2013 (males)

Source: Office of National Statistics, Internal Migration Release.



Why do graduates move?
Economic factors: 

Earnings, career progression, cost of living. 

Amenities:  
Cafes, theatres, shops, architecture, green spaces, weather. 

Culture:  
Social networks, diversity, values, political views.



Bath, Somerset. 



Variable All Top grades Onward 
migrants

Return 
migrants

Earnings       0.016***       0.026***       0.034***      -0.026***

House prices      -0.018***      -0.018***      -0.018***      -0.063***

Unemployment       0.010***     0.001     -0.007**       0.045***

Rainfall      -0.011***      -0.009***      -0.013***      -0.028***

Temperature      -0.010***      -0.008***    -0.000      -0.017***

Population density      -0.006***    -0.007*     0.006     -0.134**

Heritage index      0.005**      0.010***       0.012***       0.022***

Extraversion       0.012***       0.015***       0.022***       0.020***

Agreeableness       0.012***       0.010***       0.011***       0.016***

Conscientiousness      -0.042***      -0.042***      -0.067***    -0.003

Neuroticism      -0.008***      -0.008***      -0.006***      -0.014***

Openness     0.005*       0.010***       0.013***    -0.006

Obs 85,422 54,443 58,401 32,551

Probit regressions for migration from university location 



Additional findings
Graduates move for reasons other than jobs and cost 
of living - heritage and values matter. 

Inequalities in skills are not just due to migration: 
Learning enhanced by agglomeration - from pre-school level. 
Inequalities in lifelong learning and training opportunities. 
Differences in the demand for skills - rather than supply.
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The first law of geography states that “everything is related to 
everything else, but near things are more related than distant 
things”1. Humans living near each other tend to share more 

ancestry with each other than with humans who live further away, 
which is reflected in genome-wide patterns of genetic variation on a 
global scale2 and on finer scales3–5. Regional differences in allele fre-
quencies are driven by genetic drift (that is, the random fluctuations 
of allele frequencies in each generation), natural selection pressures, 
migrations or admixture (that is, two previously isolated populations 
interbreeding). Out of these four mechanisms, genetic drift is the only 
mechanism not expected to disproportionately affect genetic variants 
that are associated with heritable human traits. Natural selection tar-
gets heritable traits over extended periods of time, thereby affecting 
allele frequencies of the genetic variants that are associated with the 
traits under selection. Earlier studies have identified natural selection 
pressures on many trait-associated variants by looking for extreme 
allele frequency differences between different ancestries3,6,7. Migration 
is a behaviour, and since most behavioural traits have heritable com-
ponents8, migration is likely to be associated with genetic variants 
that influence behaviour. Long-distance migratory events may in turn 
result in admixture. Internal migrations (that is, migrations within 
countries) may lead to geographic clustering of trait-associated genetic 
variants beyond the clustering of ancestry, and may occur for a variety 
of reasons. They may be driven by the search for specific neighbour-
hood, housing and inhabitant characteristics, and/or socioeconomic 
factors9, such as the mass migrations from rural to industrial areas 
during industrialization10. These geographic movements may coin-
cide with the regional clustering of a range of heritable outcomes such 
as socioeconomic status (SES), health and cultural outcomes11–14.

Understanding what drives the geographic distribution of 
genome-wide complex trait variation is important for a variety of 
reasons. Studying regional differences of genetic variants associ-
ated with education, wealth, growth, health and disease may help 
explain why these traits are unevenly distributed across a country. 
Besides the known regional differences in income and SES, signifi-
cant regional differences have been reported for mental14 and physi-
cal13 health problems. Regional differences in wealth and health are 
probably linked to each other15–17 and have been shown to be partly 
driven by migration13,18. If genome-wide complex trait variation is 
geographically clustered, this should be taken into account in cer-
tain genetically informative study designs. Mendelian randomiza-
tion, for example, uses genetic variants as instrumental variables 
to identify causality, under the assumption that the genetic instru-
ment is not associated with confounders that influence the two 
traits under investigation19. Geographic clustering of genetic com-
plex trait variation could introduce gene–environment correlations 
that violate this assumption20. Such gene–environment correlations 
could also introduce bias in heritability estimates in twin and fam-
ily studies21, and could affect signals from genome-wide association 
studies (GWASs).

Here, we investigate whether genome-wide complex trait varia-
tion in Great Britain is geographically clustered after accounting for 
ancestry differences; if so, this may reflect the genetic consequences 
of more recent (internal) migration events. We then investigate the 
role of migration in the geographic clustering of genome-wide com-
plex trait variation. Finally, we examine whether genome-wide com-
plex trait variation and its geographic clustering are associated with 
regional SES, health and cultural outcomes.

Genetic correlates of social stratification  
in Great Britain
Abdel Abdellaoui! !1*, David Hugh-Jones2, Loic Yengo! !3, Kathryn E. Kemper! !3, Michel G. Nivard! !4, 
Laura Veul1, Yan Holtz3, Brendan P. Zietsch! !5, Timothy M. Frayling6, Naomi R. Wray! !3,7, 
Jian Yang! !3,7, Karin J. H. Verweij1 and Peter M. Visscher! !3,7*

Human DNA polymorphisms vary across geographic regions, with the most commonly observed variation reflecting dis-
tant ancestry differences. Here we investigate the geographic clustering of common genetic variants that influence complex 
traits in a sample of ~450,000 individuals from Great Britain. Of 33 traits analysed, 21 showed significant geographic clus-
tering at the genetic level after controlling for ancestry, probably reflecting migration driven by socioeconomic status (SES). 
Alleles associated with educational attainment (EA) showed the most clustering, with EA-decreasing alleles clustering in 
lower SES areas such as coal mining areas. Individuals who leave coal mining areas carry more EA-increasing alleles on aver-
age than those in the rest of Great Britain. The level of geographic clustering is correlated with genetic associations between 
complex traits and regional measures of SES, health and cultural outcomes. Our results are consistent with the hypothesis 
that social stratification leaves visible marks in geographic arrangements of common allele frequencies and gene–environ-
ment correlations.

NATURE HUMAN BEHAVIOUR | www.nature.com/nathumbehav
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After correcting for ancestry differences, the Townsend index 
was significantly associated with all five phenotypes and all 21 
geographically clustered polygenic scores, with the strongest asso-
ciations for EA (Supplementary Figs. 7 and 8). All phenotypes and 
21 geographically clustered polygenic scores showed significant  

differences between coal mining areas and the rest of Great Britain, 
based on both birthplace and current address (Supplementary 
Fig. 9), with EA showing the strongest differences (FDR-corrected 
P value < 10−200). We further compared phenotypes and ances-
try-corrected polygenic scores among four groups of unrelated  
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Fig. 1 | Geographic distributions (birthplace) of the first five PCs, Moran’s I and empirical P!values for Moran’s I. P!values denoted in green are significant 
after Bonferroni correction (n!=!320,940 unrelated individuals). Maps were adapted from 2011 Census aggregate data (UK Data Service (February 2017 
edition). Office for National Statistics; National Records of Scotland; Northern Ireland Statistics and Research Agency (2017); https://doi.org/10.5257/
census/aggregate-2011-2).
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Fig. 2 | Moran’s I of five phenotypes and 33 SBLUP polygenic scores computed using the average polygenic score per region in 378 local authority 
regions (n!=!320,940 unrelated individuals). Moran’s I values of the polygenic scores unadjusted for PCs (red) and adjusted for 100 PCs (green), where 
orange data points represent a significant FDR-corrected P!value!<!0.05 (corrected for 38 tests). Orange lines between data points represent Moran’s I 
values significantly larger than 0, both before and after correcting for 100 PCs. See Supplementary Fig. 4 for the distributions of significant Moran’s I values 
from 10,000 permutations that were conducted to obtain the empirical P!values for the phenotypes and polygenic scores, respectively. ADHD, attention 
deficit hyperactivity disorder; MDD, major depressive disorder; no GB, excluding British cohorts.

NATURE HUMAN BEHAVIOUR | www.nature.com/nathumbehav



Policy implications?
More radical policies on graduate migration: 

Preferential fees and writing-off of loans to stay in local area. 
Regional migration policies - with regional quotas. 

Policies that cross thematic boundaries: 
Mental health and lifelong learning. 
Skills and infrastructure development (e.g. broadband). 

More focus on the demand for skills: 
Skill ecosystems - regional policies, greater role for industrial 
associations, workplace innovation, schools.



ILO (2017) “Better use of skills in the workplace”: includes Innovation Workplaces case 
study from the East Midlands.


