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Abstract

Based on data from the 1980s, Sassen’s seminal book ‘The Global City’ asked how changes in the
occupational structure affect socio-economic residential segregation in global cities. This paper
reframes and answers this question for recent decades, using data for New York, London and
Tokyo. Our analysis shows an increase in the share of high-income occupations, accompanied by
a drop in low-income occupations in all three cities, providing strong evidence for a consistent
trend of professionalization of the workforce. Segregation was highest in New York, and lowest
in Tokyo. In New York and London, individuals in high-income occupations are concentrating in
the centre, while low-income occupations are pushed to urban peripheries. Professionalization of

the workforce is accompanied by reduced levels of segregation by income, and two ongoing
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megatrends in urban change: gentrification of inner-city neighbourhoods and suburbanization of

poverty, with bigger changes in the social geography than in levels of segregation.

Introduction

The Global City thesis (or social polarization thesis), developed by Sassen’?, linked globalization-
induced transformations of urban economic structures with increasing social polarization by
occupation and income. Taking London, New York and Tokyo as exemplars, Sassen argued that
global economic restructuring is leading to the decline of manufacturing and the growth of producer
services and finance. This results in increasing numbers of highly skilled workers earning the highest
incomes, such as professionals and managers, and a simultaneous expansion of the group of low-
skilled workers earning the lowest incomes. Since the publication of Sassen’s book ‘The Global City’?,
there has been a prolonged debate about the social polarization thesis. According to Hamnett3, the
concept and definition of social polarization is ambiguous, omitting other occupational trends. For
example, empirical work in London provides supporting evidence for processes of
professionalization® and socio-economic upgrading®, although more recent evidence indicates that
there are also other forms of occupational changes since 2000.5” Hill and Kim® further argued that
there are important differences between liberal capitalist states and developmental states. Tokyo
is characterized by late industrialization and this potentially leads to different trajectories of
occupational change compared to London and New York. The variety of national experiences and
outcomes for global cities questions the validity of the Global City thesis on occupational change

over space and time.

The polarization thesis'? pays particular attention to urban spaces where the changes in industrial,
occupational and earnings structures manifest themselves. In her book Sassen? uses the idea of
spatial polarization, and asks the question “how the greater income polarization in the leading
industries (...) is constructed socially; that is to say, is it merely a change in the income distribution,
or are there new social forms associated with an increase of high-income and of low-income
workers? What is the social geography emerging from this transformation?” Our study focusses on
the latter part of this question; on the changes in residential segregation between income-based
occupational groups in global cities. A recent study of socio-economic segregation in European
capital cities observed increasing levels of residential segregation between the top and bottom
occupational status groups since the 2000s°, with the rich and poor increasingly living separated
lives. The study suggested that increasing levels of socio-economic segregation are the result of
interactions between welfare provision and housing systems, the lasting imprint of historical

developments and other forms of segregation, as well as increasing inequality and changing
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occupational structures under the influence of globalization. Additionally, segregation patterns also
depend on national and local contexts'®*2, Thus, even if globalization does result in changes in the
occupational structure, the geographical manifestation of that change is unlikely to be uniform
across cities and nation states. Based on a literature review on the forces shaping socio-economic
segregation, as well as on the way in which they play out in different local contexts (see the
supplementary discussion), we expect that the growth in residential segregation between income-
based occupational groups since the 1980s will be the greatest in New York and the smallest in

Tokyo, leaving London in-between.

This paper studies changes in residential segregation between 1980 and 2010/11 in Sassen’s original
three global cities ?: New York, London and Tokyo. The following research questions are addressed:
1) To what extent has the occupational structure in the three cities changed since the 1980s?; 2) To
what extent have levels of residential segregation changed between high- and low-income
occupational groups?; 3) How has the geography of the residential distribution of high- and low-
income occupations changed over time? The answers to these questions help to better understand
the changes in the occupational structure (professionalization versus polarization) and how they link

to changes in residential segregation between income-based occupational groups in global cities.

This study uses national census data for the period between 1980-2010/11 reporting on
occupational status, aggregated into small areas, in all three cities. We classify occupations as high-
income, middle-income and low-income, and study the changes in segregation indices and the
associated geographies of segregation. Usually, occupation-based segregation studies® ignore the
income levels of different occupational groups. This is an important shortcoming since occupations
can experience significant changes in income over time. Moreover, it is income and not occupation
that buys choice in the housing market!3, and high-income groups tend to define the evolution of
patterns of residential segregation'*'®>. To overcome this problem, we used nationally
representative survey data for each census year and for each city, containing information on
occupations and income, to create income-based occupational groups that will be used also for

characterizing changes in occupational structure in the next section.

Results

Occupational structure change
Figure 1 shows the changing occupational structure between 1980 and 2010/11 for New York,

London and Tokyo using three income-based occupational categories (high, middle and low). A
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detailed direct comparison of the income-based occupational structures of the three cities is difficult
as there are small differences in the data, and changes over time in classifications. We therefore

focus on more general trends instead of detailed differences.

In New York, there is noticeable growth of the high-income occupational groups, and clear shrinkage
of the middle-income occupational group since 1980. The share of individuals belonging to the
bottom or low-income occupational group decreased slightly between 1980 and 2000. However, it
is notable that there is a small increase in the proportion of the low-income occupational group
between 2000 and 2010. So, while the high-income occupational group increased by almost 12
percentage points from 25.9 percent to 37.6 percent between 1980 and 2010, it was at the expense
of the middle group, which fell from 50.6 percent to 40.1 percent. The low-income occupational
group stayed stable at around 22-23 percent when comparing 1980 and 2010. The clear growth of
the high-income occupational group, accompanied by a thinning out of the middle group, and a
stable low-income group, provides support for occupational professionalization taking place in the

occupational structure of New York between 1980 and 2010.

*** Figure 1 about here ***

In London, there was a sharp increase in the share of individuals belonging to the high-income
occupational group accompanied by a significant decrease of the proportion of the population in
the low-income occupational group between 1981 and 2011. The sharp drop in the share of the low-
income group between 1991 and 2001 is partly an artefact of the broad categories of occupations
that were available to us, but the general trend is clear. Interestingly, as with New York, there is also
a small increase in the share of the low-income occupations between 2001 and 2011 in London.
Although there was quite some variation in the size of the middle group, the share varied between
41 and 43 percent when comparing the years 1981 and 2011. The data suggests that in London a
process of professionalization also took place during the 1980s and the 1990s3. In 1981, the size of
the low-income occupational group was twice that of the high-income occupational group, but
during the 1990s this pattern started to change, and by 2011 the high-income occupational group
was much larger than the low-income occupational group. Overall, the occupational structure of

London is also characterized by professionalization between 1980 and 2010.

When comparing London with New York in 1981, it is clear that in London the high-income
occupational group was much smaller, and the low-income occupational group much larger.
However, by 2010/11 the occupational distribution of the three groups has become similar in both
cities. A big difference between the two cities is that in New York the middle group became much

smaller, while in London this group remained stable. Although the changes between 2000/1 and
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2010/11 are small, in both cities the share of the low-income occupational group increased
somewhat. This might suggest marginal polarization between 2000 and 2010 at the expense of the
middle group (which remains the largest). However, there is also the important caveat that small
changes might be an artefact of the categories used and the changes in definitions over time rather

than real change.

The changes in the occupational structure of Tokyo show a clear trend of professionalization
between 1980 and 2010. The share of the high-income occupational group increased, and the share
of the low-income occupational group fell, with the consequence that the middle-income group
remained more or less stable over time. It is noticeable that the extent of change in the high-income
occupational group is much smaller in Tokyo compared to the other cities. A consequence of this
limited change is that the high-income occupational group in Tokyo in 2011 is much smaller
compared with the other two cities: 23.8 percent. This share is comparable with the situation in
New York and London in the 1980s. The low-income occupational group in Tokyo has decreased
constantly between 1980 and 2010, from 36.1 percent to 28.9 percent, but even then, this group in

Tokyo remains larger than in the other two cities.

Our first research question was to what extent has the occupational structure in the three cities
changed since the 1980s? The three global cities show distinct patterns of income-based
occupational structures and change over time, but they all share a strong and consistent growth of
the high-income occupational group, and a stabilizing (New York), or shrinking (London and Tokyo)
low-income occupational group. Our analyses show a consistent trend of professionalization of the
occupational structure in all three cities as suggested by Hamnett?, and we found no evidence for
the social polarization thesis by Sassen’. Only between 2000/1 and 2010/11 there is a small increase
in the share of low-income occupations in New York and London, which could hint towards
polarisation, but even so, in both cities the share of the low-income group was smaller in 2010/11

than in 1980/1. Crucially, in all three cities the middle-income group remained the largest.

Despite the commonalities, there are also differences between the cities. In New York, there is clear
shrinkage of the share of the middle-income group since 1980, while the share of the low-income
occupations has remained more or less stable. In London the middle-income group remained stable,
while the share of the low-income group has dropped, which is similar to what can be seen for
Tokyo. In New York and London the share of the high-income occupations has grown much faster
than in Tokyo. In conclusion, our results show a clear trend of professionalization of the workforce

in New York, London and Tokyo, in line with the professionalization thesis as proposed by Hamnett?3.
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Level of socio-economic residential segregation

To answer the second research question we investigate changes in levels of residential segregation
between occupational groups (using the same three income-based occupation categories as before)
in each of the three cities and explore if these changes are related to changes in their occupational
structures. Table 1 shows the Index of Dissimilarity (ID) and the Multi-group Dissimilarity Index (MDI)
for all three cities between 1980 and 2010 for high-income and low-income occupational groups.
For Tokyo there was no consistent small-scale geography available over the four censuses used, and
therefore data is presented for two temporally overlapping spatial units (Cho districts and 500m

square grid cells).

Table 1 highlights that New York consistently has the highest levels of socio-economic residential
segregation compared to the other two cities. For example, in 2010 New York had an ID value of
0.42, and an MDI value of 0.27. The ID for New York dropped somewhat between 1980 and 2000,
but then climbed again to the 1990 level. The MDI for New York first dropped, but then increased
between 1990 and 2010. These results suggest a stable level of segregation between high-income
and low-income occupational groups, but with increases in the last decades, especially when all

three groups are taken into account.

*** Table 1 about here ***

By contrast, in 2010, Tokyo is the least segregated city of the three, with an ID value of 0.23, and an
MDI value of 0.12. Furthermore, both indices demonstrate a decrease in socio-economic residential
segregation between 1980 and 2010, regardless of the geographical units used. This decrease in
segregation is consistent and quite remarkable, especially given the suggestion from the literature
that levels of segregation are increasing in global cities. The pattern of change in segregation in
London is similar to that of New York, but more pronounced: In the 1980s the level of segregation
dropped (as measured by ID) and then it increased again in the next decades. It is important to note
that the ID value for London increased between 1990 and 2000, and this might have been caused
by reclassifying “Administrative and secretarial occupations” from the low-income occupational
group to the middle-income occupational group, and therefore the share of the low-income

occupational group declined in this period.

Overall, the drop in segregation in all three cities coincided with strong and consistent
professionalization of the labour force. This suggests a link between professionalization and
reducing levels of segregation by income. Interestingly, for both New York and London, the share of
low-income occupations increased slightly between 2000/1 and 2010/11 and this coincided with a

slight increase in the level of segregation by income. It may be the case that increasing levels of
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polarization in the workforce are linked with increasing levels of segregation, but to be certain we
need to see the 2020/1 round of Census data to confirm this hypothesis. Despite the potential links
between changes in the occupational structure and levels of residential segregation, we have to
point out that the levels of segregation in London (measured by MDI) have been much more stable
than the occupational structure. In other words, substantial changes in the occupational structure
do not necessarily translate into large changes in residential structures as measured by segregation

indices, or at least not immediately as there might be time lags.

Our second research question asked to what extent levels of socio-economic segregation have
changed between the top and bottom income-based occupational groups. We found considerable
differences between the three cities, with New York being the most segregated city and Tokyo being
the least segregated. In 2010, the value of the ID between high-income and low-income occupations
was 0.42 in New York, 0.31 in London and 0.23 in Tokyo. We observed relatively little change in the
levels of segregation in each city, despite profound changes that took place in the occupational
structures. The ID for New York fell between 1980 and 2000, but then increased again in 2010 but
the overall outcome for the study period was that residential segregation between occupational
groups was slightly lower in New York at the end. Changes in the level of socio-economic segregation
are similar in London to what we found for New York: in the 1980s the level of segregation dropped
and then increased again in the following decades. Unlike New York, London was somewhat more
segregated in 2010 compared to 1980. By contrast, the ID is not only lower in Tokyo compared to

London and New York, but we can also observe a steady decline during the 1980-2010 study period.

The social geography of changing occupational structures

The city-wide single-number indices of segregation only part-tell the story of the changing social
geographies in New York, London and Tokyo, and potentially mask important underlying changes.
In theory, without any change in segregation levels, the underlying social geography of where
different occupational groups live, can change completely. Figures 2 and 3 respectively show the
spatial distribution of the high-income and low-income occupational groups. The neighbourhoods
in the Q1 category represent the smallest number of neighbourhoods that together contain a
quarter of all high-income (Figure 2) or low-income (Figure 3) occupations in each city. These maps
identify how widely distributed a particular group is within the city, and the degree to which they

are concentrated in specific locations?®,

*** Figure 2 about here ***

*** Figure 3 about here ***
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In New York, people belonging to the high-income occupational group concentrate in the northwest
suburban area and increasingly in Manhattan. Meanwhile, the low-income occupational group
(Figure 3) is highly concentrated in the western part of the Bronx and central Queens. In London, in
the 1980s, the high-income group was strongly represented at the edges of the urban region. But
since then, this group is increasingly concentrating in the centre of London. While people with high-
income occupations were highly concentrated in areas such as Enfield and Bromley in the 1980s,
they now live in the central part of London along the River Thames. People with low-income
occupations are increasingly residing in neighbourhoods located in the peripheral parts of London,
in the west (Hillingdon and Ealing) and northeast (Barking and Dagenham, Newham, and Waltham
Forest). Compared with New York, the spatial concentration of the low-income occupational group
becomes more visible over time in London. So, despite the overall similar pattern of people with
high-income occupations concentrating in the central parts, and people with low-income
occupations concentrating in the peripheral parts of the city, the geography of high-income and low-
income occupational group appear to be more polarized in London compared to New York. This is

significant as levels of segregation are considerably higher in New York than in London.

Tokyo shows a very clear east-west pattern of segregation. The high-income occupational groups
are concentrated in the west of the city while the low-income group mainly resides in the east.
Interestingly, this pattern overlaps with the physical geography of Tokyo; people with low income
occupations mainly live in the lowland areas in the east, which are at high risk of flooding in case of
an earth quake, and people with high income occupations live in the higher areas in the west.
However, over time this pattern has become less clear as the Q1 neighbourhoods of the high-income
occupational group have become more dispersed, with some new clustering in the south-eastern
part of Tokyo. A new concentration emerged from 2000 onwards at the waterfront area around the
Chuo and Koto Wards. This area has been redeveloped as part of the urban renaissance policy of
the Government. The low-income occupational group continues to have a strong presence in the
eastern part of Tokyo, and in the southern Ohta Ward, and has also expanded to the northern parts
of the city (a part of the Shinjuku area). What is common for all three cities is that, whereas the
global segregation measures reported relatively little change, (Table 2) there are substantial changes

in the underlying social geography taking place in the three global cities.

Our third research question asked how the geography of the residential distribution of high-income
and low-income occupations changed over time. In general, people belonging to the high-income
occupational groups tend to concentrate in the most desirable locations within each of the three
cities. In New York and London it is clearly visible that since the 1980s, the high-income occupational
group has concentrated in the central parts of the city. In New York, the high-income group is

concentrating in Manhattan, with further expansions to nearby Brooklyn, and the northwest
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suburban area, a trend that has continued through the study period. In London, in the 1980s, the
high-income occupational group was strongly represented at the edges of the urban region, in areas
such as Enfield and Bromley. Since then, they have concentrated in the centre of London along the
River Thames. Areas of concentrated occupational upgrading include Tower Hamlets and South
Hackney in the 2000s, as well as other new developments along the Thames and redevelopments in
Camden and Islington”!’, where property prices have increased significantly. It is striking that the
concentration of the high-income group in the central areas of New York and London coincided with
a sharp increase in the share of the high-income occupational group, and an overall trend of
professionalization of the workforce. For London, Hamnett® explains this in part by a significant
upwards shift in the perceived desirability of East London as a place to buy by an increasingly
professional workforce, and a marked increase in demand in East London that has not been met by

increased housing supply.

In Tokyo, the high-income occupational group has consistently been concentrated in the western
part of the city, which includes inner city neighbourhoods. This residential pattern is strongly related
to the physical geography of Tokyo, with people belonging to the high-income group residing in
those areas that are elevated above the sea level, and less at risk of flooding. However, in recent
decades, people with high-income occupations have also moved to the harbour area in the eastern
part of the city, where expensive high-rise apartments are developed. The relatively stable
residential geography of occupations in Tokyo is also related to the phenomenon of vertical
segregation, which has also be observed in Southern Europe®?. As a result, neighbourhoods are
relatively mixed by income, but higher income groups live on higher floor levels than lower income

groups.

The residential pattern of the low-income occupational group is almost the inverse of where the
high-income groups live. In Tokyo, the low-income occupational group lives concentrated in the
eastern parts of the city (the low lands), and despite some spatial dispersal of the group to the north-
western parts of the city, the pattern is remarkably stable over time. In New York and London the
concentration of the low-income occupational group has decreased in the most central areas, and
increased in the more peripheral areas. In New York individuals belonging to the low-income
occupational group have concentrated in the western part of the Bronx and central Queens, and in
London in the west (Hillingdon and Ealing) and northeast (Barking and Dagenham, Newham, and
Waltham Forest). In both London and New York, some of the low-income concentrations overlap
with high concentrations of racial and ethnic minority groups, such as in the northern part of
Brooklyn and on both sides of the Harlem River, ranging from north Manhattan to south-eastern

Bronx.
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Discussion

Since Sassen’s’ work on occupational structure change, and the accompanying debates on
polarization and professionalization trends, relatively little attention has been paid to the spatial
footprint of occupational structure change in global cities. This study investigated long-term changes
in the occupational structures, levels of residential segregation, and the social geographies of
income-based occupational groups in New York, London and Tokyo, the three global cities originally
studied by Saskia Sassen2. We found four regularities that characterize socio-spatial change in our
three case study cities: (1) professionalization of the workforce is the main trend of occupational
structure change in all three cities; (2) occupational change is bigger than city-wide change in levels
of residential segregation between occupational groups; (3) professionalization in the occupational
structure tends to be associated with lower city-wide levels of segregation; (4) changes in the
geography of segregation of occupational groups are bigger than changes in the city-wide levels of

segregation between occupational groups.

Although the dominant trend is one of professionalization, and New York and London have
converged to a similar occupational structure since the 1980s, there is no convergence towards a
universal outcome of socio-spatial change in global cities. All three cities are shaped by globalisation,
but the regularities found are also shaped by city-specific contextual factors that lead to different
outcomes of occupational change, residential segregation between occupational groups and how
occupational change and residential segregation are linked; there are multiple contextual forces
that lead to distinct trajectories of occupational and residential changes in New York, London and

Tokyo.

The results of our analyses provide support to Hamnett’s claim®* that social polarization might not
be a universal feature of occupational structure change in global cities as initially predicted by
Sassen. Our findings demonstrate that the occupational structure of all three cities report a
consistent trend of professionalization of the workforce over the last three decades. Only between
2000/1 and 2010/11 there seems to be a small increase in the share of low-income occupations in
both New York and London, which in combination with a growth in the share of high-income
occupations, could signal marginal polarization. The increase in the share of low-income occupations
may be related to immigration. As the share of high-income occupations increases, demand for low-
income jobs is met by immigrants, and as a consequence, immigrants tend to be overrepresented
in those jobs?*%. As a consequence, a “polarized” or “dual” labour market may emerge with
migrants employed in jobs with lower pay and lower social security, and natives employed in jobs

with higher pay and higher social security?*?*?°, By contrast, Tokyo has experienced very little
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immigration for abroad, and Tokyo also shows relatively little growth in the share of high-income

occupations, and a consistent drop in the share of low-income occupations.

When comparing changes in the occupational structures and segregation levels in the three cities,
an important regularity seems to emerge: professionalization of the workforce tends to come along
with lower levels of residential segregation between occupational groups. This finding is reinforced
by the fact that the small increase in the share of low-income occupations between 2000/1 and
2010/11 in New York and Tokyo coincides with an increase in the level of residential segregation.
This could suggest that polarization is related to higher levels of residential segregation, but based
on only one year of data with a small increase in the share of low-income workers it is not possible
to draw hard conclusions on this. Despite the common trend of professionalization, there are
marked differences in the level of segregation between the three cities. The level of segregation is
the highest in New York and the lowest in Tokyo. These differences are rooted in the history of these
cities, but are also likely to be related to their occupational structures. Already in the 1980s New
York had a relatively high share of high-income workers, while Tokyo always had the lowest share
of high-income workers. A close look at the social geography of the cities can give more insight in

the changing socio-spatial patterns.

Significantly, the observed changes in the social geography of where different income-based
occupational groups live, appear to be more substantial than the changes observed in the measures
of segregation. Although levels of segregation have changed only a little, the spatial organization of
households with different socio-economic status has changed a lot, showing two ongoing urban
megatrends: the gentrification of inner city neighbourhoods and the suburbanization of poverty?®.
Both of these megatrends — moves of high-income households to formerly low-income areas, and
the subsequent push of low-income households towards the urban peripheries — initially contribute
to the segregation paradox. The professionalization of the workforce leads to increasing shares of
high-income workers, and these high-income workers have developed a preference for living in
central areas of cities, and this leads to more social mixing in centrally located urban
neighbourhoods, and hence, as we see in our data, dropping levels of residential segregation.
However, this mixing is likely to be temporary, as with time, the extent of neighbourhood change in
some central city neighbourhoods becomes so dramatic that it has been labelled as super-

21,28 referring to the continued influx of wealthy people into inner city and waterfront

gentrification
areas'¥?%30; the initial social mixing gives way to over-representation of high-income occupational
groups in the neighbourhoods they settle. Such processes of super-gentrification have led to a
situation where neighbourhoods perceived as more attractive in the central parts of the city have

also become beyond the reach of middle-income households.
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There are several interrelated mechanisms that connect changes in the occupational structure with
changes in socio-economic segregation within a city3!. With a changing occupational structure in an
urban region, the (purchasing) power balance between income groups also will change. An increase
in the size of the high-income occupational group will (all other things being equal) lead to increasing
real estate prices in the most desirable locations, with spill-over effects to neighbouring areas. As
locational preferences change, higher income households have moved to central areas, pushing
lower income households to lower cost areas at some distance. The globalization-related increase
of tourists and new forms of housing commodification, such as short-term renting, further
contributes to the differential residential mobility of households with different incomes by boosting
the real estate prices in the central parts of the cities32. At the same time, demographic processes,
such as population shrinkage or growth, and in situ upward and downward social mobility are also
affecting the population composition in different types of neighbourhoods. Migration from outside
the region and abroad often reinforces existing patterns, with high-income immigrants moving to
expensive areas, and low-income immigrants entering areas offering lower cost housing. Generally,
high levels of international immigration are related to higher levels of social polarization and higher

levels of residential segregation.

Although there are similarities in mechanisms, processes and outcomes in global cities, there is no
such thing as a single global city model, as local variation produces strongly contextualized outcomes
of urban socio-spatial change®'®®3, In explaining occupational change, residential segregation
between occupational groups and how occupational change and residential segregation are linked,
government policy plays an important role, especially policies related to labour and housing markets
and immigration. Both national and city level policies can increase or decrease income inequality,
and the effects of income inequality between occupational groups on residential segregation
between occupational groups®*. High levels of income inequality will make it more difficult for low-
income households to move to better neighbourhoods, thus reinforcing patterns of residential
inequality®>. Where the US is a classic example of a liberal welfare regime, and the UK represents a
more mixed model®®, Japan has strong governmental influence which seeks to maintain low levels
of inequality. This is reflected in the Gini Index, which is the lowest in Tokyo (0.33%), followed by
London (0.44%®%), and New York (0.55%). In fact, Tokyo is the biggest outlier among global cities by

being among the wealthiest, but also one of the most equal, cities in terms of income distribution3,

Public policy does not just influence income inequality, but also the supply of different types of
housing and their spatial configuration. Tokyo is not only one of the most equal global cities in terms
of income, but it is also one of the least segregated global cities with mixed housing options in
different parts of the city. This is related to government policy to promote urban renewal in Tokyo

since the 1980s, aiming to facilitate economic growth by the central government®. Although actively
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deregulating city planning, stimulating redevelopment through private investments, and liberalizing
labour and housing markets are part of the state-led urban renewal policy in Tokyo, an implicit
control of the state has remained intact**2. For example, through strict labour market regulations

and restrictions on immigration to fill low-income jobs.

Earlier studies have suggested that immigration is an important factor for understanding both
occupational structure change and residential segregation*®. Under strong state control, Tokyo has
experienced the lowest level of immigration compared to the other two cities. In high-immigration
cities, such as New York and London, social and ethnic inequalities increasingly tend to overlap,
providing a basis for what Andersson and Kahrik* call ‘eth-class’ segregation. In London, this overlap
is related to the ethnic structure of housing tenures; Hamnett and Butler®® showed that ethnic
minorities in London are becoming increasingly concentrated in council and social housing, which
leads to their residential concentration in certain neighbourhoods. In many West European cities,
growing immigration is an important driving force of increasing residential segregation between
occupational and income groups®. In US cities, both immigration as well as historically formed and
slowly changing ethnic and racial structures shape occupational structures and segregation levels®.
While between 1981 and 2011 the share of foreign-born residents increased in New York and
London from 24 percent to 37 percent, and 18 percent to 37 percent respectively, the share of
residents with non-Japanese citizenship was only still 4 percent in Tokyo in 2010. Strict policies limit
the in-migration of low-skilled workers to Japan, while the in-flow of such workers are a major
cause of residential segregation in European capital cities®. In the US context, Maloutas and Fuijita'®
observe that the growth of social and spatial polarization is partly a result of a strong interplay

between social and racial inequalities.

Despite important new insights provided by our analysis of residential segregation between income-
based occupational groups, a note on limitations to our study should be made. Ideally, the study
would have been based on detailed income data for small neighbourhoods or census tracts, but
such data are not available for our three cities. We therefore had to use occupational data from the
census. Because the income of occupations can change over time, and because the incomes of
occupations can differ between cities, we combined occupational data from the census with income
data from surveys. We have provided a detailed and transparent account of how we linked
occupational data and income data, and how we classified occupations to the high-income, middle-
income and low-income occupational groups (see the methods section and the Supplementary
Methods section). Since money buys choice, focusing on income helps to better understand the
changes in residential segregation compared to occupation-only based studies of residential
segregation. But the linking of income and occupational data has two limitations. First, the census

and the income surveys use relatively broad occupational categories, which means that our strategy
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does not allow to take into account the variation of income within occupational categories. Second,
our strategy leads to changing of some occupations between middle-income and low-income groups
as the relative income hierarchy of occupational groups may change in time. By comparison it is rare
that occupations move into or out of the high-income group and consequently the results for high-
income occupations are more consistent. Although our approach is not without problems, we are
confident that the trends we see in the data are robust. To support this, we have provided analyses
using occupational groups based on occupational data only (see the Supplementary Figure 3 and the
Supplementary Methods). Comparing these with the analyses of income-based occupational groups

shows very similar patterns and trends over time, although quantitatively there are differences.

As a final remark, in her work on London, New York and Tokyo, Sassen®? hypothesized that the
polarization of occupational structures in global cities may lead to increasing levels of residential
segregation by income. First of all, in our study we found no evidence for the polarization thesis; in
fact, we found strong and consistent evidence for professionalization of the occupational structure
in all three cities. Between 1980 and 2010 in all three cities the share of high-income occupations
increased, and the share of low-income occupations decreased. Between 2000/1 and 2010/11 we
found that in New York and London the share of low-income occupations increased somewhat
again, which hints at polarization, but further releases of the decennial censuses are needed to
confirm this. Second, we found that, generally speaking, professionalization coincides with reducing
levels of residential segregation. We found that changes in levels of residential segregation were
more modest than changes in occupational structures. Occupational structure change is not the only
factor affecting levels of segregation. The regularities of how occupational change takes place and
shapes city-wide levels of residential segregation relate to contextual factors such as national and
urban policies towards immigration, labour market, housing, etc. Despite relatively minor changes
in levels of segregation, we found that the professionalization of the workforce coincides with large
changes in the social geography of the three cities. In New York and London, and to a much lesser
extend in Tokyo, two ongoing megatrends are characterizing urban change: gentrification of inner-
city neighbourhoods and suburbanization of poverty. An increasing share of high-income workers

has a profound and spatially polarizing effect on the social geography of cities.

Methods

Ideally, this study would use detailed income data for small neighbourhoods or census tracts, but
unfortunately census data for London, New York and Tokyo do not include income. However,
censuses do include occupational information, and this information has been extensively used in
comparative studies on socio-economic residential segregation®. Occupations in census data are

classified using the International Standard Classification of Occupations ISCO-88. In this classification
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occupational categories are broadly ordered based on occupational status and the complexity of
tasks involved in the jobs. Typically, managers and professionals are classified as the top
occupational group, administrative, skilled, sales, non-manual technician, and security occupations
are classified as the middle occupational group, and finally service, manual, and semi-skilled
occupations are classified as the bottom occupational group. Although there is a strong correlation
between occupation and income, this relationship is not consistent. Generally, the higher
occupational categories (managers and professionals) have high incomes, and the lower
occupational categories (low-skill service and manual jobs) have low incomes. But occupations in
the middle categories show more income variation. Moreover, the relationship between occupation
and income is likely to differ between countries, and over time occupations might go up (or down)
in income, relative to other occupations. Not taking into account such differences and changes over
time could be problematic as we are interested in the spatial patterning of occupational categories
in cities, and it is income which gives access to good neighbourhoods and good housing, not

occupation.

In order to overcome these problems and to get a better comparative insight in residential
segregation in the three global cities studied by Sassen, we do not simply use occupational
categories, but we have developed an income-based ranking of occupations. This approach, which
adds incomes to occupations, reflects that some occupations have higher or lower incomes than
their ranking by occupational status would suggest. And the approach takes into account that, over
time, the income of occupations can change because an occupational category might move up or

down in income relative to other occupational categories.

Occupational data

Fine-grained occupational data for each city were obtained from national population censuses (the
US Census Bureau for New York; the Office for National Statistics for London; and the Statistics
Bureau, Ministry of Internal Affairs and Communications for Tokyo). We collected data from publicly
available sources for each decennial census period from 1980 to 2010 for the US, with comparable
information for the UK for the 1981 to 2011 period. From 2010, data on occupation were not
collected by the decennial long form of the US census and therefore occupational data from the
American Community Survey 5-year estimates (2006—2010) were used. For Tokyo, the population
census is conducted every five years, and for reasons of comparability data was used from the 1980,
1990, 2000, and 2010 censuses as these matched most closely with what was available for the US
and the UK. Although the census year differed slightly between countries, we refer to our study
period as 1980-2011 in this paper. From the census data we have used spatially aggregated
occupations following the International Standard Classification of Occupations ISCO-88. For each

census year, the occupational categories were classified into high-income, middle-income and low-
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income occupational groups based on their income levels (see next section for more details). In
doing so, we have excluded a small number of agricultural, forestry and fishery workers, as well as

unclassified workers, from the analysis.

There are several limitations to the census data used. Occupational classifications differ somewhat
between the three cities and there are also some changes over time in the classifications. There was
a major change in the occupational categories in the US and Japan between 1990 and 2000, and
between 2005 and 2010. In the UK the categories changed every census year, and for the 1981 UK
census occupational status was not available, so the variable “socio-economic group” was used. A
detailed overview of occupational categories for each city and year is available for reference in

Supplementary Figure 1.

Income data

To combine occupational data with income data, we rely on survey data which links occupations to
incomes, for each city, and each year of analysis. We have sourced the best possible data for this
task, but nevertheless the income data was not completely comparable between cities and over
time. The definition of income differs somewhat in different data sources (hourly, daily, weekly or
annual income and reported as occupational mean or median income), and the income data were
not always available for the same metropolitan boundaries as the census data. See Supplementary
Table 1 for more detail on the income data used. For New York City, we used the median weekly
earnings at the national level from the Current Population Survey 1983 and 1989, which are derived
from Mellor* and Ilg and Haugen® (2000), respectively. Additionally, we used the Occupational
Employment Statistics to obtain the mean hourly wage by occupation for New York State for the
2000-2010 periods. For London, our income data are based on the New Earnings Survey (NES) and
the Annual Survey of Hours and Earnings (ASHE). The nationwide NES occupational tables cited by
Routh®! provide average annual pay as of 1979 by occupation. The NES 1990 and the ASHE 2000-
2010 provide median gross weekly pay for full-time employees. The NES 1979 and 1990 data are
nationwide, and the later data is for the London region. Finally, for Tokyo we obtained income data
from the Employment Status Survey (1982, 1992, 2002, and 2012) for Tokyo Prefecture, via tailor-
made aggregations from the Japanese Statistic Bureau. Using these datasets, we calculated the
mean daily male wage for occupational categories, by dividing the total amount of annual income

of employees by the total number of annual days worked.

Defining neighbourhoods
Obtaining comparable geographies (i.e., the spatial units of aggregation) for the three cities for four
time periods was also a challenging task. The aim was to obtain geographies which were both as

consistent as possible over time within a city and also comparable between cities. Census Tracts
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were used in New York, Lower Layer Super Output Areas (LSOAs) in London, and both Cho districts
and 500m by 500m grid cells in Tokyo. While the US census data provides almost consistent-
through-time census tracts since 1980, the data for London and Tokyo were more challenging. For
London, LSOAs are only available for the 2001 and 2011 censuses. For earlier censuses smaller
enumeration districts (EDs) were available so, to solve this issue, we created consistent LSOAs for
the whole period with EDs for 1981 and 1991 mapped on these consistent LSOAs according to the
overlapping areas. Whilst this approach does not provide perfect correspondence between the ED
and LSOA boundaries (some interpolation is required) it allows a consistent set of areas to be
produced. It should also be noted that the 1981 and 1991 data are based on a 10 percent sample of
the population. In Tokyo, there are two types of small area data available, although the occupational
data was not released at Cho district level for 1990. For the 500m grid square units, direct
comparison over time is difficult because the geographic coordinate system changed in 2001. We
therefore use Cho district data for 2000 and 2010, and grid data for 1980 and 1990. As with the UK
data, this requires a compromise, but the trade-off is that we have a longer time series to get insight
into changing levels of socio-economic segregation. Throughout the paper we use the term

‘neighbourhood’ to characterize the smallest spatial units used.

For the analyses we have defined a city region for each of the three cities. We defined New York City
as including five boroughs, Manhattan, Brooklyn, Queens, the Bronx and Staten Island. London was
defined to include the Greater London County consisting of 32 boroughs. And Tokyo is defined based
on the so-called special wards area, which is composed of 23 wards. Maps of each of the areas, and

including authority names, are available in Supplementary Figure 2.

Creating income-based occupational groups

We have assigned occupational categories from the census data to high-income, middle-income and
low-income groups based on income and occupational data from surveys carried out at roughly the
same time as the census for each country. This approach results in occupational groups which are
more coherent in terms of income compared to an approach which only takes occupational status
into account. Previous studies®, have assigned occupations to different occupational groups based
on only occupational status from the ISCO classifications. The cut-off points between the different
occupational status groups were based on the status and complexity of the jobs. That this approach
is problematic, can be illustrated with the example of ‘Clerical and Secretarial Occupations’ in
London in 1991. According to the occupational status ranking, these occupations are the fourth in
the ranking, and based on an occupations only classification these would be classified as middle
status or income occupations (see also®). However, when taking income into account one can see in
Supplementary Figure 1 that ‘Clerical and Secretarial Occupations’ are actually the lowest paid of all

occupational categories. Using our approach, we therefore classify these occupations as low-income
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occupations. To assess to what extent the occupations-only approach (see Supplementary Figure 3)
and our approach of combining income and occupational data (see Figure 1 in this paper) lead to
different outcomes, we compared the two approaches in the Supplementary Methods section.
Based on this assessment we conclude that although there are important differences between the
two approaches, qualitatively the patterns found are very similar, both in terms of the sizes of the

occupational status groups, and in terms of the measured levels of segregation.

To assign occupational status groups to the high-income, middle-income and low-income groups we
initially ranked occupations by income, as in our approach it is income that determines the order of
occupations, not occupational status (see Supplementary Figure 1). The cut-off point between high-
income, middle-income and low-income occupations is determined by a combination of income and
occupational status. This is easiest explained for the high-income occupations. In all three cities and
in all years the managers and professionals have the highest incomes. As these are also the highest
status occupations, we have assigned them consistently to the high-income occupations, which is in
line with the approach which only uses occupational status (see the Supplementary Methods
section). If over time the number of jobs in the high-income occupations increases, this means that
according to the ISCO classification there are more jobs in this category, reflecting a growth in the

number of top jobs.

Assigning occupations to either the middle-income and the low-income groups was less
straightforward because the income range at the lower end of the distribution is more
compressed®?, and because the occupational categories used in the income data are sometimes less
detailed than what was available in the census (due to smaller sample sizes). A good example is New
York in 1990 where the income data is clearly less detailed than the occupational data (see
Supplementary Figure 1). In these cases, we have assigned occupations to either the middle-income
or the low-income groups based on more detailed occupational categories from the previous or the
next census. In deciding the cut-off between low- and middle-income jobs we tried to achieve a
minimum possible switching of the occupations between income-groups on the one hand, and to
we took into account occupational status on the other hand. For example, in Tokyo in 1980, the
production process and related workers, and the service workers clearly earn the least, and these
are also the least skilled manual jobs. Hence we assigned them to the low-income group, which also
reflects the occupational status of the jobs. It is clear from Supplementary Figure 1 that in
distinguishing between low- and middle-income jobs a strictly quantitative approach is not suitable.
Therefore, for each city and each year we have made careful considerations when assigning
occupations to the middle-income or low-income categories, based on income levels, occupational
status, and consistency over time within cities. Below we explain how we categorized occupations

in middle-income and low-income groups for each city.
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From 1991 the UK census data adopted occupational classifications comparable to the US and Japan,
but the 1981 classifications are substantively different. For the 1981 data we adopted a cutting point
for mid- and low-income earners between “Semi-skilled manual workers” and “Personal service
workers”. Although the income data did not allow us to derive separate income measures for these
two groups, we elected to categorize the “Personal service workers” as low-income based on
income data for other census years. Also, when using only occupational status information, personal
service workers are often categorized as low status, and semi-skilled workers as middle status jobs
(see also®). For 1991, the cutting point runs between “Plant and machine operatives” and “Sales
occupations” to avoid switching. Although the income differences between those two groups are
not very large at the beginning of the study period, the differences become more marked during the
later censuses. In later census years the sales occupations are among the lowest paid in the UK, and
hence we classified them as low-income also in 1991. For 2001 and 2011 the cutting point is
between “Administrative and secretarial occupations” and “Personal service occupations”. This
decision was based on the fact that administrative and secretarial occupations are ranked fourth in
terms of occupational status according to the ISCO, and they clearly earn much more than the
personal service occupations. The “Administrative and secretarial occupations” are an interesting
group as in the earlier years they were among the lowest paid, while in more recent years they had

more middle-income levels.

For Tokyo, the cutting point between middle and low-income occupations runs between “Clerical
worker” and “Production process and related workers” in 1980, based on both income and skill
levels required. In 1990 and 2000, the cutting point runs between “Transport and communication
workers” and “Production process and related workers” for similar reasons. Although “Transport
and machine operation workers” earn slightly less than “Construction and mining workers” in 2020,
they are labelled as middle-income as we follow the definition used in the previous period in order

to be as consistent as possible.

Categorizing occupations by income was most challenging New York. This was partly due to the
reordering of occupations between years based on their income levels, and partly because in 1991
incomes were only available for rather broad occupational categories. In 1980, “Machine operators,
assemblers, and inspectors” are categorized as low-income occupations, and “Administrative

I/I

support occupations, including clerical” as middle-income occupations, even though their income
levels are very similar. We decided to do so to avoid switching and keeping the consistency of
classification with 1990, when administrative and clerical occupations had relatively high incomes.
The cut-off between middle-income and low-income and status occupations was made based on

the skill level and status of the occupational categories. Since the New York income data for 1990
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has very broad occupational categories, we decided to take into account information from the
previous and the next census years to decide how to categorize more detailed occupational
categories. “Machine operators, assemblers, and inspectors” and “Handlers, equipment cleaners,
helpers and laborers” were categorized as low-income occupations. This was done despite the fact
that the broad occupational group they fall into had a relatively high-income. Likewise, “Protective
service occupations” were categorized as middle-income occupations, despite the fact that their
broad occupational category has relatively low-incomes. But in the previous and next census year,
these occupations fall clearly into the middle-income group, hence our choice. The classification is
more straightforward for 2000 and 2010, and the cut-off point between middle-income and low-
income occupations runs between “Transportation and material moving occupations” and

“Production occupations”.

From this detailed account it is clear that, although our approach better reflects the incomes of
different occupational categories, it also has its limitations. These are discussed in more detail in the

conclusions of this paper.

Analytical Approach

The empirical analysis of this paper is divided in three parts. First, we investigate changes in the
occupational structure based on the three broad high-income, middle-income and low-income
occupational groups. Second, to examine residential segregation between income-based
occupational groups, two classic segregation measures are calculated: the Index of Dissimilarity
(ID)%3, and the Multi-group Dissimilarity Index (MDI)>*. The ID value ranges from 0 to 1, and indicate
either the share of the high- or low-income occupational group members who need to change their
neighbourhood of residence in order to the achieve a similar distribution of both groups across
neighbourhoods within a city. The MDI value characterizes the spatial distribution of more than two
groups, in our case high-income, middle-income and low-income occupational groups. Its value also

ranges from 0 to 1, with a higher value representing greater levels of residential segregation.

The third part of our analysis focusses on better understanding the changing social geography of the
three cities. We map the residential concentration of the high-income and low-income occupational
groups. All neighbourhoods in a city are classified into four different categories (Q1-Q4), which
comprises the quartiles of the distribution for the absolute number of the group’s members, which
are then mapped®®. For example, to examine the residential concentration of the high-income
occupations, all neighbourhoods are ordered based on the absolute number of people in this group
living in each neighbourhood. All neighbourhoods which add up to a quarter of the top category
living there are labelled Q1. In a similar manner, the neighbourhoods where the second, third and

fourth quarter of the high-income occupations reside are labelled Q2, Q3, and Q4 respectively. The
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fewer neighbourhoods there are in the Q1 category, the more concentrated this group is in that
particular city. The same method is used to investigate the residential concentration of the low-

income occupational group.

Data availability

The main data used in our study is national census data for the US, Japan and the UK. The data for
each country is publicly available and owned by each respective government (the US Census Bureau
for New York; the Office for National Statistics for London; and the Statistics Bureau, Ministry of
Internal Affairs and Communications for Tokyo). All data can be obtained at the original source,

below find detailed information for each city.

Tokyo: We used national census data for Tokyo for the years 1980, 1990, 2000 and 2010. The 1980
and 1990 data is available from Sinfonica (Statistical Information Institute for Consulting and
Analysis for which you need to pay a fee): http://www.sinfonica.or.jp/datalist/index.html. The 2000
and 2010 data is available through the e-Stat website by Statistics Bureau of Japan: https://www.e-
stat.go.jp/gis/statmap-search?page=1&type=1&toukeiCode=00200521.

London: We used national census data for London for the years 1981, 1991, 2001, and 2011. The
data for the 3 first years is available from the Casweb website (UK Data Service) by Economic and

Social Research Council: http://casweb.ukdataservice.ac.uk/. Data for 2011 is available through the

Nomis website by the Office of National Statistics https://www.nomisweb.co.uk/ or from

http://infuse.ukdataservice.ac.uk/.

New York: We used national census data for New York for the years 1980, 1990, 2000 and 2010. The
1980 and 1990 data is available through the Social Explorer website by Social Explorer Inc:

https://www.socialexplorer.com/. The 2000 and 2010 data is available on the American FactFinder

website by the US Census Bureau: https://www.census.gov/data/data-tools/american-

factfinder.html.
In addition to the census data, we have used nationally representative survey data which includes
information on income levels for occupations for each of the three countries and for multiple

periods. This data is publicly available.

For New York City, we used data at the national level from the Current Population Survey 1983 and

1989, which are derived from Mellor (1985) and llg & Haugen (2000), respectively. Additionally, we
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used the Occupational Employment Statistics to obtain mean hourly wage by occupation for New
York State for the 2000-2010 the periods.

1983: Mellor, E.F. (1985) Weekly earnings in 1983: a look at more than 200 occupations. Monthly
Labor Review, January 1985, 54-59. https://www.bls.gov/opub/mlr/1985/01/rptifull.pdf

1989: llg, R.E. and S.E. Haugen (2000) Earnings and Employment Trends in the 1990s. Monthly Labor
Review, March 2000, 21-33. https://www.bls.gov/opub/mlr/2000/03/art2full.pdf

2000: https://www.bls.gov/oes/tables.htm

2010: https://www.bls.gov/oes/tables.htm

For London we used data from the New Earnings Survey (NES) and the Annual Survey of Hours and
Earnings (ASHE). The nationwide NES occupational tables cited from Routh (1980) provides average
annual pay as of 1979 by occupation. The NES 1990 and the ASHE 2000-2010 provide median gross
weekly pay for full-time employees.

1979: 1Routh, G. (1980) Occupation and Pay in Great Britain 1906-79 (second edition). London:
Macmillan.

1990: https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datalist

2000: https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datalist

2010: https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datalist

Finally, for Tokyo, we used the Employment Status Survey (1982, 1992, 2002, 2012) which was

obtained by requesting tailor-made aggregations from the Statistic Bureau.
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Figures

Figure 1. Changes of occupational structure
Three socio-economic groups are classified according to the income level by occupational

classification

New York
0% 20% 40% 60% 80% 100%
1980 25.9 50.6 235
1990 30.6 48.1 21.2
2000 36.8 42.2 21.0
2010 37.6 40.1 22.3
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London
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1981 [EEER 42.6 38.9
1991 30.5 31.5 38.0
2001 32.5 46.0 21.5
2011 34.1 41.0 24.9
EHigh Middle ®Low
Tokyo
Fe 20% 40% 60% 80% 100%
1980 [EREW 45.7 36.1
SCEI  20.0 47.3 32.7
2000 |PI 48.2 31.1
2010 23.8 47.3 28.9
EHigh = Middle ®Low
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Figure 2. The distribution of the high-income occupational group

The four group (Q1-Q4) comprise the quartiles of the distribution for the absolute number of the high-income occupations.
The colours indicate the neighbourhoods in each quartile. New York: census tracts. London: consistent LSOAs (10% sample)
(1981 / 1991) and LSOAs (2001 / 2011). Tokyo: grid cells (1980 / 1990) and cho districts (2000 / 2010). Maps were created
using ArcGIS software by Esri. The 1980 US Census shapefile originates from reference 55. The UK Census shapefiles
originate from reference 56. The London map contains National Statistics data © Crown copyright and database right 2012

and contains Ordnance Survey data © Crown copyright and database right 2012.
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Figure 3. The distribution of the low-income occupational group

The four group (Q1-Q4) comprise the quartiles of the distribution for the absolute number of the low-income group
members. The colours indicate the neighbourhoods in each quartile. New York: census tracts. London: consistent LSOAs
(10% sample) (1981 / 1991) and LSOAs (2001 / 2011). Tokyo: grid cells (1980 / 1990) and cho districts (2000 / 2010). Maps
were created using ArcGIS software by Esri. The 1980 US Census shapefile originates from reference 55. The UK Census
shapefiles originate from reference 56. The London map contains National Statistics data © Crown copyright and database

right 2012 and contains Ordnance Survey data © Crown copyright and database right 2012.
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Tables

Table 1. Index of Dissimilarity (ID) and Multi-group Dissimilarity Index (MDI)

ID? MDI?

New York London Tokyo New York London Tokyo

(CT) (LSOA)  Grid Cho (CT) (LSOA)  Grid Cho
1980 0.4471 0.2645° 0.2720 - 0.2605 0.1663° 0.1390 -
1990 0.4199 0.2375° 0.2613 - 0.2466 0.1742° 0.1309 -
2000 0.4020 0.2952 0.2337 0.2403 0.2545 0.1611 0.1164 0.1220
2010 0.4239 0.3062 - 0.2347 0.2726 0.1671 - 0.1214

2 |D: High and Low, MDI: 3 group (High, Middle and Low).

® 10 percent sample data.
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SUPPLEMENTARY INFORMATION

Supplementary Methods

Occupational status groups based on occupations only

To supplement the classification based on occupations in combination with income (as used in the
main paper), we also explored the use of a standard classification method based on occupational
status alone. We have classified occupations as top, middle and bottom occupational status
occupations. This classification is based on the ordering of occupations by status as in the
International Standard Classification of Occupations ISCO-88. The classification can be found in
Supplementary Figure 3. In our classification of top, middle, and bottom occupational status groups
we used the ordering of occupations as provided by ISCO, and we made the division between the
three groups based on the perceived complexity of the jobs. In our occupation-based classification
the top group consists of ‘managers’ and ‘professionals’ in all years and in all three cities. The middle
group consists of a mix of administrative, skilled, sales, non-manual technician, and security
occupations. And the bottom group consists of a mix of service, manual, and semi-skilled
occupations. Because of changes in the classification of occupations over time in the census, and
because of differences between the three cities we detail the definition of the middle and bottom

occupational status groups by city below.

For New York in 1980 and 1990 the middle group consists of ‘technicians and related’, ‘sales’,
‘administrative support and clerical’, and ‘protective service’. In 2000 and 2010 the category
technicians was not included in the middle group as this category was not available in the
classification used. The bottom group includes all the other occupations, including ‘personal care
and service’, and other manual and support occupations. For London in 1980 the middle group
consists of ‘ancillary workers and artists’, ‘foremen and supervisors-non manual’, ‘junior non-
manual workers’, and ‘own account workers (other than professionals)’. In 1991 the middle group
consists of ‘associate professional and technical occupations’, ‘clerical and secretarial occupations’,
and ‘sales occupations’. And in 2001 and 2011 the category ‘skilled trades occupations’ was added
to the middle status group. The bottom group includes all other occupations, including ‘personal
service’, ‘plant and machine operatives’ and ‘manual’ and ‘unskilled workers’. For Tokyo the middle
group consists of ‘clerical workers’, ‘sales workers’, and ‘security workers’ in all years. And the

bottom group consists of ‘service workers’, and a combination of other manual occupations.

In the main paper we have used a classification of occupations based on a combination of

occupational status and income (see detailed information on the classification in Supplementary
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Figure 1). We argued that it is important to take income into account, as some occupational
categories saw increases or decreases in their income over time, and this likely influences their
spatial patterning in cities. The pure occupation based classification in top, middle and bottom
status occupations (Supplementary Figure 3), and the income based classification in high, middle
and low income occupations (Figure 1 in the main paper) lead to very similar results, but there are
also some important differences. The relative size of the top and high group is the same for all time
periods and cities as the same categories are used. The differences are in the sizes of the middle
groups, and the low income and bottom status groups. For New York the middle group becomes
smaller over time in both occupation and income based classifications. But when using the income
based classification the middle group is consistently larger in all years. For London the middle group
is very similar using both types of classifications, but the group is slightly smaller when using income
based classifications in all years. And in Tokyo the middle group is slightly larger when using the
income based occupational classification. As a consequence of these differences in the middle
group, there are also differences between the occupation based classification and the income based
classification regarding the bottom status group and the low income group. In New York the low
income group is consistently smaller than the bottom occupational status group. In London the low
income group is slightly larger than the bottom occupational group. And in Tokyo the low income

group is slightly smaller than the bottom occupational status group.

Despite these differences between the occupation only classification and the income based
classification, the patterns observed are very similar. In all three cities the highest income and status
group increases in size, but increases most in New York and London. In New York the middle group
deceases in size in both classifications, and the bottom group stays relatively stable, following the
same pattern. In London the middle group remains similar in size between 1981 and 2011, following
the same patternin the years in between. And in London the bottom group decreases in size in both
classifications, following the same pattern in the years in between. Finally, in Tokyo the patterns are
very similar for both types of classifications. So where there are some differences in the sizes of the

groups, qualitatively the patterns are very similar.

Measuring segregation using occupational status groups based on occupations only, not taking
income into account

Supplementary Table 2 presents measures of segregation using the alternative classification of
occupations in top, middle and bottom occupational status occupations, based on only occupations,
not taking into account income data as used in the main analyses of this paper. The two
classifications, based on only occupations, and based on income and occupations, lead to similar

patterns of segregation over time, but there are some differences.
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For New York, the income based classification of occupations leads to slightly higher levels of
segregation as indicated by both the ID and the MDI. But the pattern over time is very similar for
both classifications. This could indicate that in New York there is more segregation based on income
than by occupations. For London the income based classification yields much lower levels of
segregation than the pure occupations based classification. But again, the pattern over time is very
similar for both classifications. This implied that in London there is more segregation based on
occupations, so class-based, than on income. This is the opposite of what we found in New York.
Finally, in Tokyo the income based classification yields marginally smaller levels of segregation than
the pure occupations based classification, but the results are very similar. All in all, the patterns over
time are very similar for all cities for both classifications. But for London the level of segregation is

much lower when based on income compared to the occupational status classification.

Supplementary Discussion

Discussion of background literature on occupational structure change in global cities

Studies on socio-spatial change in global cities in the last 25 years have been strongly influenced by
the research of Saskia Sassen’?. The core of Sassen’s argument was that the global dispersion of
economic activities and the reorganization of financial services are the key processes that contribute
to the concentration of central control and management functions of global companies and higher-
order specialized firms. Typically, these firms congregate into global cities such as London, New York
and Tokyo. According to Sassen!, “To understand the structure of a global city, we have to
understand it as a place where certain kinds of work can get done (...). The ‘things’ a global city
makes are highly specialized service and financial goods”. Agglomeration economies emerge in
global cities as a result of interactions between the higher order control and management functions
of global companies on the one hand, and related higher-order services they need on the other
hand. As these global companies grow, they tend to start outsourcing the more specialized higher-
order services, thus creating new demand for a variety of such activities. This leads to a rapid
increase in the number of companies providing high-skilled specialist services such as accountancy,

advertisement, legal services and so on, and a high demand of people hired by these companies.

The consumption patterns of high-income earners further shape the occupational structure of the
global city. These people create demand for low-skilled and low-wage labor, such as security guards
and cleaning staff. According to Sassen!, “The expansion of the high-income workforce, in
conjunction with the emergence of new cultural forms of everyday living, has led to a process of
high-income gentrification, which rests (...) on the availability of a vast supply of low-wage workers”.
The people taking up the low-skilled and low-wage jobs are often immigrants, particularly those

from low-wage countries'. As a consequence, Sassen® argued that “... the specific consequences of
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globalization have the effect not of contributing to the expansion of the middle class, as we saw in
Fordism, but that the pressure is towards increasingly valuing top-level professional workers”. The
occupational structure may also get more polarized and dualized as the middle group thins out as a
result of growing numbers of high-income earners who contribute to the growth of low-income
earners through their consumption patterns. Strong evidence for such occupational polarization has

been found in Toronto”.

Globalization not only affects occupational structures, but it also brings along increased income
inequality between socio-economic groups »°. In the globalized economy, the top socio-economic
groups are able to benefit from a rising demand for their skills, which drives up their incomes, while
the incomes of the bottom socio-economic groups are under pressure due to competition from low-
income countries®. As a consequence of this competition, some jobs have left high-income
countries, while other jobs which remained have attracted immigrant labor”8. But these processes
are not uniform or global. For example, the level of international immigration into Tokyo is much
lower than compared to London or New York!. The population growth of Tokyo since WWII was
initially driven by internal migration from the rest of Japan, and latterly by natural growth, although
growth has recently slowed down®. Likewise, the reduction in employment in manufacturing has
been smaller in Tokyo compared to London and New York. Timberlake et al.!® have investigated the
relationship between the global position of US cities and polarization in income and occupation.
They show that inequalities in income mainly grow when there are high levels of international

immigration, emphasizing the role of immigrants in occupational and income polarization.

The polarization thesis by Sassen’? has been extensively criticized. Hamnett’ found that while there
was an increase in income inequalities in London during the 1980s, there was no evidence of
polarization in the occupational structure, rather a trend towards professionalization. Furthermore,
Hamnett has argued that occupational polarization in the US can also result from the weakness of
the welfare state. Hill and Kim?!!' similarly argued that the role of the state is important by
emphasizing the differences between Anglo-American liberalism and East Asian developmentalism,
when comparing New York with Tokyo and Seoul. They argued that in contrast to market-centered
and highly unequal countries such as US, the occupational structure in state-centered political-
bureaucratic countries tends to be more compressed around the middle, and the distribution to the
two extremes is small. Tai'>'® also found significant differences in occupational change in
developmental states in Asia. In the cities of Singapore, Hong Kong, Taipei and Seoul there was a
trend towards professionalization, but without a growth in managers and self-employment. Tai?
found different patterns of social polarization in the ‘city states’ of Singapore and Hong Kong, and
the ‘capital cities’ of Taipei and Seoul. Singapore and Hong Kong are examples of a centralized

development model which uses immigrant labor. While Taipei and Seoul display anti-centralizing
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tendencies, combining measures to prevent brain-drain with immigration control for low-skilled

foreign workers.

In short, there is evidence of different trajectories of occupational change in different cities, in
different parts of the world. With regard to the three cities studied in this paper, deindustrialization
has been less intense in Tokyo compared to London and New York, with little evidence of
occupational and income polarization in Tokyo'#'°, Rather, the main trend in Tokyo seems to have
been professionalization. In London, similar to Tokyo, the main trend since the 1960s has been
professionalization of the workforce, characterized by the expansion of managerial and professional
jobs and the middle classes, at the expense of lower occupational groups’*®'’. However, Davidson
and Wyly®® and Johnston and Manley*® found that the trend towards professionalization in London
has ceased between 2001 and 2011. Johnston and Manley’® found no evidence that the top
occupational groups (professionals and managers) and service class (a wide range of occupations
involved in the service industry, including intermediates and lower supervisors) are crowding out
the working class. In London, the working class has remained stable after the 2000s, however their
share in absolute terms has contracted in the light of the overall population growth of London?%%!

and there seems to be a growing diversity within the low-skilled occupational groups taking place
22

Discussion of the changing social geography of global cities

Fundamentally, the most critical cause of residential segregation between occupational groups is
income inequality?®?’. There is relatively little comparative research on the spatial footprint of
occupational structure change in global cities?®?°, but single-country studies on occupational and
income segregation do exist?®3%31, The segregation profile by occupation and income is usually U-
shaped, with higher and lower occupational and income groups being more segregated than middle
groups3*34, Higher status occupational groups generally have higher incomes, and therefore have
greater purchasing power in the urban housing market, where they can buy homes in the most

desirable neighborhoods**.

However, the existence of income differences between groups is not sufficient to explain
segregation, there should also be: (a) variation in the spatial opportunity structures in cities; an
uneven geography of housing and other urban amenities; and (b) preferences towards living near
people with a similar income, and preferences for certain neighborhoods, housing characteristics
and urban amenities?®*?’3®, The uneven spatial distribution of housing types (by tenure, price,
etcetera) directs people in different income groups into different neighborhoods. Generally, higher
income households drive socio-economic segregation through their ability to move to the most
attractive neighborhoods?®. They tend to reveal their social class and status through the

neighborhood in which they live¥. In a strongly market-based housing system — in most countries
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the housing system becomes increasingly market based*3° — income largely defines socio-spatial
residential sorting mechanisms. With increasing income inequalities and commodification of
housing, income-based sorting intensifies. As a result the residential choice set for lower income
households reduces, and they become entrapped in a limited number of the least desirable

neighborhoods***?

. As a result, both social and spatial mobility stagnates, as evidenced by
persistently high levels of residential segregation and intergenerational reproduction of

neighborhood choice®#4,

In cities in the US and Europe, but also elsewhere in the world, higher income groups tend to be
more segregated than lower-income groups?®?°. Growing incomes at the top, and/or a growth in
the share of higher income earners in a city, drives property prices upwards in the most desirable
neighborhoods, and fuels processes of gentrification in attractive central neighborhoods**, The
distribution of income is more spread out across the top 20 percent of earners and more
compressed for the equivalent bottom 20 percent at the low end of the distribution?. At the
extreme of the top there is also the super-rich, and their residential choices and investments can
lead to what Atkinson*” calls necrotecture or dead urban spaces. In global cities like London, New
York and Tokyo, the most luxurious residential developments in central and waterfront areas,
attract the wealthiest households, often with a foreign background, but many of these properties

are not lived in, and are only bought as an investment, or for temporary stays*”%,

There has been a substantial increase in socio-economic segregation in the US since the Global Cities
thesis was put forward by Sassen in 1991249, Likewise, socio-economic segregation has also
grown in European capital cities, although levels are still lower than in the US%. In European cities it
is not always the highest income households who are the most segregated. For example, in London
lower occupational and income groups are more segregated than the higher occupational and
income groups®!. Possible explanations are related to two global spatial trends in terms of the
residential choice of households: affluent households moving to gentrifying central neighborhoods,
and the suburbanization of poverty2 In the initial stage of gentrification, high-income households
move to previously low-income areas, which causes temporary mixing of income groups, also
referred to as the “segregation paradox”?>%3. As the process of gentrification proceeds, high-income
earners push low-income households to the urban periphery. In many European cities, modernist
low-cost and high rise housing estates at the edge of cities contributes to the spatial clustering of
the poor, often people with an immigration background®. Like-wise, high-income earners may spill
over from the most attractive central neighborhoods, to neighborhoods adjacent to them, causing
temporary social mixing in these places. As a result, different types of change can be observed in
residential segregation. The most desirable residential areas become unaffordable for lower income
groups, spillover effects operate in adjacent areas, while lower-income groups are pushed towards

the urban periphery.
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Less evidence has been found showing growing levels of segregation in Japan®>°¢. However, this
might, at least in part, be due to the different nature of the segregation processes in densely built
cities that are more common in Asia compared to Europe and the US. In high-density cities, vertical
segregation is often more prominent than segregation between neighborhoods, with home values
increasing from the bottom to the top of buildings®’. At higher levels, there is less noise, a better
view, and more daylight than at lower levels. In Europe a similar pattern of vertical segregation can
be found in Athens®®>°, To our knowledge, there has been no systematic research on vertical

segregation by social class, income or occupation in US cities.

To conclude, processes of globalization and occupational restructuring (either polarization or
professionalization) have different social and spatial implications for different global cities. The way
in which changes in social structures affect the residential distribution of different occupational and
income groups, is shaped by different mechanisms operating differently in different cities. Levels of
segregation hinge on urban densities, morphologies and historical profiles of neighborhoods, and
on political and institutional environments that shape, among others, the level on income inequality,
level of immigration in a city, and the residential preferences of higher-income groups?®:27,60-62,
Moreover, externalities such as the economic cycle impact socio-spatial residential patterns. Tokyo
is different from New York and London, because while Japan has experienced a very long economic
slump after an asset-inflated bubble economy in the 1980s which burst in 1991, the US and
European economies experienced a steady growth period, except for the recession period in the
early 1990s, until the financial crisis hit in the late 2000s. We therefore expect that the growth in
socio-economic segregation since the 1980s is the greatest in New York and the smallest in Tokyo,

leaving London in-between.

16



Supplementary Figures

Supplementary Figure 1. Occupational classification based on occupations and incomes as used in Figure 1 in the main paper

New York London Tokyo
1980 1981 1980

Occupational classificatoin (1980 Census) | % |Income¥ Group Socio-economic group (1981 Census) % |Income9 Group | Occupational classificatoin (1980 Census] % |Income'| Group
Executive, administrative, and managerial occupationsl 115 456 High Employers and managers 136 6.796 | High Administrative and managerial workers 73 257 High
Professional specialty occupations 145 422 High Professional workers 48 6.658 | High Professional and technical workers 109 141 High
Precision production, craft, and repair occupations 85 379 Middle Ancillary workers and artists 10,9 5.637 | Middle Security workers 11 121 Middle
Technicians and related support occupations 25 357 | Middle Foremen and supervisors (non-manual) 13 5.526 | Middle Sales workers 18,1 11,6 | Middle
Protective service occupations 23 350 | Middle Foremen and supervisors (manual) 20 5197 | Middle Transport and communication workers 38 11,7 | Middle
Transportation and material moving occupations 35 328 | Middle Skilled manual workers 134 | (Skilled | Middle Clerical workers 22,7 10,7 | Middle
Sales occupations 90 305 | Middle Own account workers (other than professiol 4,6 | Manual) | Middle Production process and related workers 258 95 Low
Machine operators, assemblers, and inspectors 7.7 261 Low Semi-skilled manual workers 104 (“é:;‘i’_ Middle | [Service workers 10,3 75 Low
Administrative support occupations, including clerical | 25,0 258 | Middle Personal service workers 59 skilled Low " Income: Mean daily wage (thousand Yen) (Tokyo Prefecture 1982)
Handlers, equipment cleaners, helpers, and laborers 34 244 Low Junior non-manual workers 275 4229 | Low Source: Employment Status Survey
Service occupations, except protective and household| 11,5 194 Low Unskilled manual workers 55 4,035 Low
Private household occupations 09 111 Low ¢ Income: Male average annual pay (£) (Great Britain 1979)
# Median weekly earnings ($) (United States 1983) Source: New Earnings Survey (In Routh 1980)
Source: Current Population Survey (In Mellor 1985)
1990 1991 1990

Occupational classificatoin (1990 Census) | % [Income®| Group | Occupational classificatoin (1991 Census| % [Incomef| Group | Occupational classificatoin (1990 Census] % [Income!| Group
Executive, administrative, and managerial occupationsl 135 728 High Managers and administrators 19,2 385 High Administrative and managerial workers 6,1 434 High
Professional specialty occupations 171 688 High Professional occupations 11,2 355 High Professional and technical workers 139 220 High
Technicians and related support occupations 31 574 | Middle Associate professional and technical occupg 12,8 304 | Middle Sales workers 18,0 195 | Middle
Precision production, craft, and repair occupations 75 574 | Middle Craft and related occupations 11,8 242 | Middle Security workers 11 195 | Middle
Transportation and material moving occupations 37 392 | Middle Plant and machine operatives 6,9 220 | Middle Clerical workers 247 182 | Middle
Machine operators, assemblers, and inspectors 49 |(Operat| Low Sales occupations 6,5 213 Low Transport and communication workers 34 17,7 | Middle
Handlers, equipment cleaners, helpers, and laborers 31 oretc) | Low Personal and protective services occupation] 9,5 210 Low Production process and related workers 23,0 15,2 Low
Administrative support occupations, including clerical | 20,7 390 | Middle Clerical and secretarial occupations 22,0 191 Low Service workers 97 120 Low
Sales occupations 103 352 | Middle |  fincome: Median weekly earnings (£) (Great Britain 1990) T Income: Mean daily wage (thousand Yen) (Tokyo Prefecture 1992)
Private household occupations 0,7 Low Source: New Earnings Survey Source: Employment Status Survey
Protective service occupations 28 (Sezri?ce) Middle
Service occupations, except protective and household| 12,5 Low

® Median weekly earnings ($) (United States 1989)

Source: Current Population Survey (In 1lg and Haugen 2000)
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(Continued)

2000 2001 2000

Occupational classificatoin (2000 Census) % |Income® Group | Occupational classificatoin (2001 Census| % |Income9 Group | Occupational classificatoin (2000 Census] % |incomeq Group
Management, business, and financial operations occuf 13,5 353 High Managers and senior officials 17,6 601 High Administrative and managerial workers 44 387 High
Professional and related occupations 233 250 High Professional occupations 149 560 High Professional and technical workers 16,3 225 High
Construction, extraction, and maintenance occupation| 6,4 195 Middle Associate professional and technical occupg 17,9 489 Middle Security workers 13 20,6 | Middle
Protective service occupations 29 174 Middle Skilled trades occupations 17 416 Middle Clerical workers 249 19,1 Middle
Sales and related occupations 104 16,7 Middle Process, plant and machine operatives 49 350 Middle Sales workers 18,6 18,7 Middle
Office and administrative support occupations 17,0 14,2 Middle Administrative and secretarial occupations | 155 303 | Middle Transport and communication workers 34 16,7 | Middle
Transportation and material moving occupations 55 131 Middle Personal service occupations 59 259 Low Production process and related workers 201 144 Low
Production occupations 54 129 Low Elementary occupations 89 186 Low Service workers 110 10,1 Low
Building and grounds cleaning and maintenance occuy 3,8 118 Low Sales and customer service occupations 6,7 146 Low ¥ Income: Mean daily wage (thousand Yen) (Tokyo Prefecture 2002)
Healthcare support occupations 40 10,9 Low 9 Income: Median weekly pay (£) (London 2000) Source: Employment Status Survey
Personal care and service occupations 34 10,2 Low Source: Annual Survey of Hours and Earnings
Food preparation and serving related occupations 45 84 Low
¢ Mean hourly wage ($) (New York State 2000)
Source: Occupational Employment Statistics
2010 2011 2010

Occupational classificatoin (2010 Census) % |Income9 Group 1 % |incomef| Group | Occupational classificatoin (2010 Census] % |Income'| Group
Management, business, and financial operations occuf 14,2 50,6 High Managers and senior officials 116 950 High Administrative and managerial workers 39 38,0 High
Professional and related occupations 234 338 High Professional occupations 224 809 High Professional and engineering workers 198 223 High
Construction, extraction, and maintenance occupation| 6,6 245 Middle Associate professional and technical occupg 16,3 662 Middle Clerical workers 26,2 20,0 | Middle
Protective service occupations 3,0 23,0 Middle Process, plant and machine operatives 47 525 Middle Security workers 15 18,9 Middle
Sales and related occupations 10,6 22,0 Middle Skilled trades occupations 83 522 Middle Sales workers 16,6 18,1 Middle
Office and administrative support occupations 14,0 17,7 Middle Administrative and secretarial occupations | 11,7 487 | Middle Construction and mining workers 31 16,0 Low
Transportation and material moving occupations 59 179 Middle Personal service occupations 78 402 Low Transport and machine operation workers 30 15,0 | Middle
Production occupations 33 16,6 Low Elementary occupations 9,6 364 Low Manufacturing process workers 78 135 Low
Building and grounds cleaning and maintenance occug 4,6 144 Low Sales and customer service occupations 75 342 Low Service workers 124 92 Low
Healthcare support occupations 44 13,8 Low 9 Income: Median weekly pay (£) (London 2010) Carrying, cleaning, packaging, and related wq 5,7 92 Low
Personal care and service occupations 4,6 12,9 Low Source: Annual Survey of Hours and Earnings "'Income: Mean daily wage (thousand Yen) (Tokyo Prefecture 2012)
Food preparation and serving related occupations 54 115 Low Source: Employment Status Survey

¢ Mean hourly wage (3) (New York State 2010)
Source: Occupational Employment Statistics
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Supplementary Figure 2. Maps with the authority names of three global cities

New York
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10.Morris Heights, 11.Country Club, 12.Kings Bridge, 13.University Heights, 14.City Island, 15.Bedford Park, 16.Wakefield-Williamsbridge, 512 20
17Hunts Point, 18 High Bridge, 19.Riverdale, 20 Eastchester, 21 Woodlawn-Nordwood, 22 Tremont, 23 Parkchestar, 24. South Bronx 1993, 731
Manhattan 23“;0 2 %z Bitnx 1
1.West Village. 2.East Village. 3.Battery Park. 4.Camegie Hill. 5.Gramercy. 8.5oho. 7_.Murray Hill. 8 Little Italy. 8.Central Park. 10.Greenwich 14 24 g B 1
Village. 11.Midtown, 12.Momingside Heights, 13.Harlem, 14.Hamilton eights. 15.Tribeca, 18.North Sutton Area, 17.Upper East Side, 1213 g 17
18.Financial District. 19.Inwood, 20.Chelsea. 21 Lower East Side, 22.Chinatown. 23.Washington Heights, 24.Upper West Side, 25.Clinton. Manhattan 28 2 9 29
26 Yorkville, 27.Garment District, 28.East Harlem 249426 18 2
Brooklyn 2511 116? 21 13 = 12
1.Bensanhurst, 2 Mapleton-Flatlands, 3 Bay Ridge, 4.Boerum Hill, 5.Cobble Hill, 8.Downtown, 7.Coney Island, 8.5unset Park, 0.Borough Park, 20 22 L ! &
10.East Brooklyn. 11.Bedford-Stuyvesant. 12.Flatbush, 13.Park Slope, 14.Wiliamsburg. 15.Canarsie. 16.Greenwood. 16105 14 8 28
17.Gravesand Sheepshead Bay, 12.Red Hook, 10.Carroll Gardens, 20.Dyker Heights, 21. Brownsville, 22.Bushwick, 23.Fort Green 31155 521 " o 5 2 a
Queens / ?‘ s 15 w M 18
1. Aubumdale, 2 College Point. 3. Douglastown-Little Neck, 4.Queans Village, 5.Middle Village. B.Woodside, 19 u 20 12
7 Rosedale, 8 Nkew Gardens, 8. 10.Woodh: d Hill, 11.Jamaica, 12 Laurelton, 13.Jackson 15151312 a 10
Heights. 14.Maspeth, 15.Glendale, 16 Steinway, 17 Flushing, 18 Saintalbans, 10.0x boro Hill, 20 Spring 2T Queens
Gardens, 21 Astoria-Long Island Gity, 22.Sunny Side. 23 Ridgewood, 24 Forest Hills, 25.The Rockaways, 18 7 5 9 &
26 Clearview, 27 Howard Beach, 28_Utopia, 20.Bayside, 30.Corona 2 4 22 & 20 2
1 Brooklyn
Staten Island "o, 2 16 17 25
1.Rosebank, 2.Mariners Harbor, 3.Rossville, 4.Great Kills, 5.New Brighton, 8.Ettingville, Staten Island 14
7.Port Richmand, 8.Woodrow, 8.Charlestown-Richmond Valley, 10.Huguenot, 21 15 7
11.Bloomfield-Chelsea Travis, 12.Richmondtown, 13 Annandale. 14.Midland Beach, 3 64
15.0akwood. 16.50uth Beach. 17 Tottensville. 18.Howland Hook. 18.Ardon Heights. 88 1013 025 5 10 15 20 km
20 Prince’s Bay, 21.Fresh Kills, 22.Clifion, 23 Todt Hill, 24 Westerleigh-Castieton 20 I
17
London Tokyo
P N
e
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Maps were created using ArcGIS software by Esri. The New York shapefile originates from reference
63. The London map contains National Statistics data © Crown copyright and database right [2015]

and contains Ordnance Survey data © Crown copyright and database right [2015].
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Supplementary Figure 3. Occupational status groups based on occupations only, not including
income; this figure was used as a robustness check for Figure 1 in the main paper

New York
0% 20% 40% 60% 80% 100%
1980 25.9 38.7 35.4
1990 30.6 36.9 32,5
2000 36.8 30.3 32.9
2010 37.6 27.6 34.7
mHigh = Middle = Low
London
0% 20% 40% 60% 80% 100%
1981 EEN 443 37.3

1991 28.2 38.3 33.5

2001 325 47.8 19.7

2011 34.1 43.7 22.2

mHigh = Middle = Low

Tokyo
0% 20%  40%  60%  80%  100%
1980 [JETR 41.9 39.9
1990 m 439 36.1
2000 [RLKS 44.8 34,5
2010 [PER 44.3 31.9

B High ' Middle ®lLow
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Supplementary Tables

Supplementary Table 1. Details of survey data used Occupational classification

Year Year Survey Earnings Sample Full / part time Tax Unit (Area) Detail of occupational
classification
New York 1983 Current Population Survey (Bureau of | Median / Weekly 60,000 households Full time Before tax United States Less detail than Census
Labor Statistics)
1989 Current Population Survey (Bureau of | Median / Weekly 60,000 households Full time Before tax United States Less detail than Census
Labor Statistics)
2000 Occupational Employment Statistics | Mean / Hourly 200,000 establishments Full time Before tax New York State Same as Census
(Bureau of Labor Statistics)
2010 Occupational Employment Statistics | Mean / Hourly 200,000 establishments Full time Before tax New York State Same as Census
(Bureau of Labor Statistics)
London 1979 New Earnings Survey (Office for National | Average / Annual 1% sample Full time Before tax Great Britain Less detail than Census
Statistics)
1990 New Earnings Survey (Office for National | Median / Weekly 1% sample Full time Before tax Great Britain More detail than Census
Statistics)
2000 Annual Survey of Hours and Earnings | Median / Weekly 180,000 employees (1%) Full time Before tax London Region Same as Census
(Office for National Statistics)
2010 Annual Survey of Hours and Earnings | Median / Weekly 180,000 employees (1%) Full time Before tax London Region Same as Census
(Office for National Statistics)
Tokyo 1982 Employment Status Survey (Statistics | Mean / Daily 410,000 households Full time and | Before tax Tokyo Prefecture | Same as Census
Bureau) part time
1992 Employment Status Survey (Statistics | Mean / Daily 430,000 households Full time and | Before tax Tokyo Prefecture | Same as Census
Bureau) part time
2002 Employment Status Survey (Statistics | Mean / Daily 440,000 households Full time and | Before tax Tokyo Prefecture | Same as Census
Bureau) part time
2012 Employment Status Survey (Statistics | Mean / Daily 470,000 households Full time and | Before tax Tokyo Prefecture | Same as Census
Bureau) part time
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Supplementary Table 2. Index of dissimilarity (ID) and Multi-group dissimilarity index (MDI) based
on occupational status groups based on occupations only, not taking income into account.

ID? MDI?

New York London Tokyo New York London Tokyo

(CT) (LSOA)  Grid Cho (cTm) (LSOA)  Grid Cho
1980 0.4177 0.3832° 0.2750 - 0.2440 0.2188* 0.1525 -
1990 0.3935 0.3270° 0.2670 - 0.2353 0.1925° 0.1436 -
2000 0.3887 0.3174 0.2420 0.2480 0.2492 0.1638 0.1293 0.1340
2010 0.4127 0.3221 - 0.2450 0.2753 0.1658 - 0.1290

2 |D: Top and Bottom, MDI: 3 group (Top, Middle and Bottom).
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