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Abstract

The social geography of cities is argued to be changing globally; rising economic
inequality is associated with increasing segregation. Yet, income inequality has
been predominantly mobilised through national and regional imaginaries. In cit-
ies, a number of factors such as the normative policy motivation to intervene in
“disadvantaged” neighbourhoods, have led to (concentrations of) poverty becom-
ing prioritised in empirical studies of household income. This paper addresses a
gap in understanding the relationship between local income inequality and the
segregation of high-income households at the urban and neighbourhood scales
in England and Wales. The results highlight that wealthier cities and districts
(Cambridge, Winchester, and Rushcliffe in the Nottingham conurbation) have
higher income inequality (Gini), but are less segregated (Index of Dissimilarity).
Lower average income cities tend to be more segregated, due to self-segregation
of high-income households into “pockets of affluence.” These results confirm
that high-income households are the most segregated group in our sample, con-
sistent with trends in global urban segregation patterns. The research also high-
lights just how prevalent low income is in urban neighbourhoods, making the
case for high income as the designated minority population in segregation stud-
ies. In our detailed case study of Nottingham, income homogeneity is typical of
areas with high deprivation. Neighbourhoods with a high Gini coefficient could
be described as mixed income: the Gini is raised by the presence of high-income
households in urban neighbourhoods. We argue that the Gini therefore offers
potential as an indicator of social mix in urban studies. These results are based
on an experimental household income dataset released by the Office of National
Statistics, with analysis of all core cities in England and Wales, alongside Derby,
Leicester, Cambridge, Southampton, and Winchester, followed by a detailed case
study of Nottingham (UK) and its extended suburban boundary.
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1 | INTRODUCTION

Since at least the 1950s, researchers have been concerned about how income inequality and segregation intersect in
urban space, but the field is marked with disagreement on both scientific methods of study and conclusions drawn
(Massey, 2012; Sampson, 2008; Tammaru et al., 2020). This paper focuses on the unevenness of household income, what
could be described as the “differential social organisation of the city, especially its neighbourhoods” (Sampson, 2008, p.
190), with special interest in the impact of high-income households.

The study of income-based segregation is a dynamic sub-field of both geography and sociology. We contribute to the
sub-field by offering new evidence of household incomes at Lower Super Output Area (LSOA) level in UK cities. We aim
to demonstrate how small shifts in methodology can broaden the focus from “pockets of deprivation” towards uneven-
ness of household income. This approach has potential to reveal previously undetected associations between place, qual-
ity of life, social justice, and household income. For example, Darlington-Pollock et al. (2021) revealed that poverty and
deprivation did not explain excess deaths in the UK in the period marked by austerity before the COVID-19 pandemic;
instead, areas with higher losses of average household income were most affected. We should be curious about patterns of
income beyond existing knowledge about the disadvantages associated with deprivation; self-segregation of high-income
households may also exacerbate social inequalities (Atkinson, 2006; Reardon & Bischoff, 2011).

Evidence of income-based inequality and segregation in cities comes overwhelmingly from the USA (Reardon &
Bischoff, 2011). International comparison of household incomes in urban areas is challenging due to different cultural
norms and laws around privacy that lead to variable data availability (OECD, 2018). However, a recent survey of large cit-
ies found that there is a global convergence of trends of rising inequalities and socio-economic segregation. While lower
income countries experience higher levels of both inequality and segregation, high-income countries are experiencing
faster rates of change (van Ham et al., 2021). This points to a changing social geography linked to urbanisation. Within
the literature on income inequality and segregation in cities, there is more emphasis on large cities and capitals, whereas
our paper focuses on second- and third-tier cities in the UK, for the first time to our knowledge.

2 | BACKGROUND: INCOME INEQUALITY AS A STORY OF NATIONS

Income inequality has over a century-long tradition among economists. It is linked to fiscal redistribution policy, thus
traditionally considered central government business (Kakwani, 1980). Income inequality is affiliated with many social
ills. Epidemiologists have associated it with increased mortality and poor health in international comparisons (Kondo
et al., 2009), also within US metropolitan regions (Sanmartin et al., 2003). Since the global financial crisis of 2007/8,
economic inequality as a topic was propelled into the mainstream by the success of Thomas Piketty's (2014) Capital in
the 21st century. However, a recent systematic review of the geographies of income inequality research found that the
number of publications focusing on the urban (including neighbourhood) scale had not risen since 2007/8 (Cavanaugh
& Breau, 2018). By contrast, a substantial increase was found in regional and national accounts of income inequality.
Consequently, there is intuitive knowledge about national contexts; countries tend to have reputations as low or high
income inequality, and the latter comes with recognised social burdens (Wilkinson & Pickett, 2009).

Within urban and regional research, recent publications on the relationship between income inequality and segrega-
tion consider the Gini as a national characteristic. It is used to frame particular urban or regional case selections within
their macro-economic context (Nieuwenhuis et al., 2020; Tammaru et al., 2020), sometimes due to unavailability of data
to calculate the Gini at the urban level (van Ham et al., 2021). The usefulness of the national Gini for policy and research
purposes is beyond dispute. Our proposition is simply that it could be under-represented in urban literature and therefore
its meaning remains vague at local and neighbourhood scales. We fill this gap by offering Gini estimates for local author-
ities and LSOAs, and offer an interpretation of the Gini as an indicator of social mix.

2.1 | Urban policy interventions

There is a long tradition in urban scholarship to study social mix and to plan interventions in communities, with histori-
cal links back to the late 19th century when concentrations of poverty were witnessed in the slums of industrialising
cities (Atkinson, 2005). In de-industrialising Britain, scholars such as the late Robson (1988) helped to foreground neigh-
bourhood disadvantage in British urban policy. The progressive case for policy intervention is based on the injustices
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associated with concentrated poverty (Thurber et al., 2018). There is a notable sub-literature dealing with “neighbour-
hood effects” arising from segregation of poverty, and how income segregation intersects with racial segregation, espe-
cially in the USA (Massey et al., 1991; Sampson, 2008). Against this backdrop, de-segregation of poverty became a policy
fix, and mixed-income neighbourhoods were accepted as a sustainable urban form. However, there is a lack of consensus
on what constitutes segregation and how it should be remedied (Bailey et al., 2006; Bolt et al., 2010). Brown-Saracino
(2017) argues that anxieties about (growing) income inequality can explain urban researchers’ disagreements about gen-
trification and, to an extent, the underlying sentiments are reflected in methodological choices too. Gentrification linked
to mixed-income policy interventions has been associated with displacement, further segregation, and social polarisation
(Lees, 2008). The efficacy of “social mix” policies (Livingston et al., 2013), their underlying values (Lupton & Tunstall,
2008), and their impact on social wellbeing (Thurber et al., 2018) have been found wanting. Despite these shortcomings,
researchers continue to be interested in patterns of poverty in cities in order to break cycles of disadvantage. We support
this endeavour, but recognise its limitations, particularly the co-optation of the deprived neighbourhoods agenda by
revanchist urban policies (Lawton, 2018).

2.2 | The relationship between income inequality and segregation

Existing literature shows that the presence of high earners is the most important driver of wage inequality in cities and
neighbourhoods in Canada, the USA, and the UK. Indeed, the polarisation of incomes associated with global economic
restructuring is linked to urban segregation patterns (Chen et al., 2011; Glaeser et al., 2009; Lee et al., 2016; van Ham
et al., 2021). Empirical evidence points to the rich being the most segregated group in cities worldwide, followed by the
very low-income groups. Therefore, income-based segregation follows a U-curve (Reardon & Bischoff, 2011; Musterd
et al., 2017; OECD, 2018). This matters because the self-segregation of the rich could threaten the socio-spatial contract
between different socio-economic groups in cities (Atkinson, 2006). High-income households may also secure unjust
advantages through self-segregation (Reardon & Bichoff, 2011). The main body of research points to income inequality
leading to income-based segregation, although there are often local complexities (Kawachi, 2002; OECD 2018; Reardon
& Bischoff, 2011). Musterd et al. (2017) draw attention to a number of context-specific factors such as the type of welfare
state, housing system, immigration, and local/institutional context, noting that segregation can also be linked to indi-
vidual or household preferences. Economic segregation can be a result of social groups choosing to live in close proximity
(Bailey & Minton, 2018; Chen et al., 2011).

Tammaru et al.'s (2020) work argues that national-level income inequality is associated with rising levels of socio-
economic segregation in urban regions in Europe, but notably there was a time lag of approximately ten years between
the increase in national Gini and the associated impact on segregation. Perhaps counter-intuitively, given that the UK is
characterised as a high-inequality nation within Europe (Nieuwenhuis et al., 2020), Bailey and Minton (2018) found that
poverty became more suburbanised, or less concentrated in inner cities, between 2004 and 2016. Bailey and Minton's re-
search design followed the classic segregation framework “poor” vs. “non-poor,” using the Index of Multiple Deprivation
(IMD) as a proxy for income. In part, this paradox may be explained by Reardon and Bischoff's findings in the North
American context; in the largest 100 cities in the USA, “income inequality appears to be much more strongly linked to
the segregation of affluence than to the segregation of poverty” (2011, p. 1131). The evidence consistently points to more
significant segregation of high-income groups. The question then arises what happened to high-income households - if
poverty became less segregated in the UK, did high incomes segregate more? And what impact does local income in-
equality have on segregation in UK cities? We cannot address the temporal question in this paper due to unavailability of
historical data, but we purposefully put forward a design that explores links between high-income segregation and local
income inequality.

2.3 | Research strategy and questions

First we take a glance at basic descriptive statistics of high, medium, and low income in all LSOAs in England and Wales.
Next, analysis of a purposive selection of UK cities and districts (LA boundary) asks the question “what is the relationship
between local income inequality and segregation?” The sample includes all core cities in England and Wales, additionally
Derby and Leicester, and more affluent cities of Cambridge, Winchester, and Southampton. London, a known outlier
(Lee et al., 2016), is purposefully excluded. Second, a detailed case study of Nottingham (East Midlands) unpacks the
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dynamics at a more granular level and answers the questions: “which group (high or low income) is more segregated?”
and “what does Gini tell us about “sustainable neighbourhoods”?” The detailed case study of Nottingham focuses on
the Principal Urban Area (PUA) that captures parts of the more affluent suburbs surrounding the city, and the outlying
districts of Broxtowe, Erewash, Gedling, Rushcliffe, and Ashfield — each district has a presence in the PUA but extends
beyond it (Figure 1).

3 | DATA

We use an experimental dataset (ONS, 2017), offering the highest level of spatial disaggregation for household income
in the UK (excluding Scotland) currently. The outputs are modelled, based on PAYE tax records, pensions, and social
security payments. The data are provided at LSOA level, using annual income bands at £5-10k intervals, the highest
category being £60k+. We use gross household income adjusted for household size and composition using the modified
OECD equivalence scale (OECD, 2017). The data were aggregated into “low” (less than £15,000), “medium” (£15,000-
£40,000), and “high” (more than £40,000). To justify these thresholds, we consulted the Households Below Average
Income (HBAI) survey (DWP, 2017). It defines relative poverty as £15,400 pa, whereas £40,000 pa represents the top 20
per cent. The dataset we use is modelled differently to the HBAI, therefore our income thresholds are not an exact match
with the official UK definitions. The ONS cautions that these data should not be used to estimate poverty or living stand-
ards in the UK.

3.1 | Limitations

The opaqueness of high incomes, the uncertainties relating to the accuracy of the experimental, modelled ONS income
dataset, and the lack of historical data are our main constraints, alongside lack of data on household wealth. Other

FIGURE 1 Nottingham city, Nottingham PUA (dotted line) and suburban district boundaries. Contains National Statistics data ©
Crown copyright and database right 2012
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criticisms include the modifiable areal unit problem; also, geographic units can be arbitrary and incongruent with what
communities identify as neighbourhoods (Bailey et al., 2017). Urban administrative boundaries in the UK are known
to be inconsistent; “underbounding” affects many cities (Bailey & Minton, 2018). Despite these limitations, we hope to
stimulate discussion about the utility of the Gini for urban research.

4 | METHODS

Following Massey and Denton (1988), we use measures of (un)evenness, Gini coefficient and Dissimilarity Index (D).
Massey defines (un)evenness as “the degree to which the percentage of minority group members within specific neigh-
borhoods departs from the minority percentage in the entire urban area” (2012, p. 40). We conceptualise high incomes
as the “minority” population and use this term in the discussion to refer to the high-income group in our research design
that compares high and low income. This is in contrast to “classic” segregation studies of poor vs. non-poor households,
where poor households are the minority population.

4.1 | Dissimilarity Index (D)
Due to the “U-curve” in income-based segregation, the interaction between low- and high-income households is our

main focus. D values were calculated using the Multi-Level Index of Dissimilarity (MLID) package in R (Harris & Owen,
2018), comparing high- and low-income populations as follows:

D=k Z
i

The MLID package's impacts function calculates the impact of each sub-division on the overall D value. This is used
to identify locations that have a significant effect on the overall D; we report the results at LSOA level.

i
nx

n,
ny

4.2 | Gini coefficient

If the income of household i is x;, then the equation of the Gini is given by:

G= Zin=1 Z}Ll |xi _le
- 2n 3L, X

To estimate the Gini coefficient from the LSOA income dataset that uses income bands, it is assumed that within each
income band the data are uniformly distributed. This requires an upper bound on incomes above £60,000 pa, which was
set as £120,000 pa (see addendum for justification). Using the Uniform assumption, the Gini coefficient was estimated
for each LSOA.

Aggregating data to the city level reveals how the Gini coefficient changes as the spatial unit increases. Aggregated
results are presented for Nottingham and all the comparator cities.

5 | RESULTS
5.1 | Income distribution in LSOAs

In all the 42,250 LSOAs in England and Wales, nine per cent of all households have an income of £40,000 or above; 49.8
per cent are medium income, and just under 40 per cent have less than £15,000 per annum. The majority of LSOAs (83
per cent) have medium income as the dominant category, whereas only 1 per cent (c. 400 LSOAs) have high-income
households as the dominant category. In the majority of LSOAs (78 per cent), the number of low-income households is
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more than 20 per cent higher than the number of high-income households. The skew towards low incomes is a known
characteristic of the UK income distribution (DWP, 2017), but the insight from the LSOA perspective is new.

5.2 | City comparison: affluent cities are different

Figure 2 shows the values for Gini and D in our sample cities. The notable trend in Figure 2 is the relationship between
income, D scores, and Gini. A cluster of higher income cities show lower segregation and higher Gini. Scatterplots
(Figure 3) for D and Gini against mean household income in our sample cities suggest that both measures create a
distinct response in wealthier cities. The results speak against the grain of inequality-segregation research, where
high inequality is typically associated with more segregation. The reversal of this inequality-segregation relationship
could mean that previously published research has focussed predominantly on the segregation of poor vs. non-poor
households, as opposed to comparing high-income with low-income households. The “pockets of affluence” meta-
phor may help to interpret the result; in richer cities, high-income households are more evenly spread. In lower
income cities, high-income households will segregate more, and there will be fewer of these affluent pockets, giving
a higher D score.

5.3 | Who is more segregated?

We calculated the scaled mean impact on the D by LSOA in our case study area of Nottingham, and for an in-
strumental selection of two similar urban cases (Manchester and Sheffield) and one extreme case (Cambridge).!
In Figure 4, the negative values depicting wealthy areas (highest score —4.74) have a greater magnitude than the

positive values depicting low-income areas (highest score 1.89) in Nottingham PUA. Manchester and Sheffield are
very similar; the highest negative scores are —4.34 (Manchester) and —4.030 (Sheffield) and the highest positive

M Index of Dissimilarity ~ ™ Gini coefficent

0.6

0.5

[

Geographic boundary

Index value

FIGURE 2 Gini coefficients and dissimilarity indices for case study areas of Nottingham and comparator UK cities (in descending order
of D)
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FIGURE 3 Scatterplots of D and Gini against mean household income in urban areas
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FIGURE 4 LSOA level impacts on the Dissimilarity index for Nottingham PUA. Contains National Statistics data © Crown copyright
and database right 2012. Backdrop mapping © OpenStreetMap contributors

values are 1.22 and 1.64 respectively. The highest impact score in wealthier Cambridge is —2.19. In Cambridge,
high-income groups have a slightly higher impact on the overall D score; the most segregated low-income neigh-
bourhood in Cambridge scored 1.78.

5.4 | The Gini and social mix

Our analysis shows that there are no uniformly rich LSOAs in Nottingham PUA that would show a low Gini (see
Figure 5). The homogenous LSOAs concentrate in North Nottingham, considered “deprived” by IMD. This homo-
geneity implies an absence of high incomes in poorer areas. The highest Gini values were initially found in student
areas, explained by a concentration of £0-5,000 income households. Given that UK student housing is highly seg-
regated (Smith & Hubbard, 2014), it is noteworthy that student areas were not highlighted in our segregation map
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(Figure 4); the Gini is therefore more sensitive than D. However, we wanted to understand social mix in the non-
student population and therefore ran the analysis excluding the £0-5,000 group. Now, the highest Gini values depict
mixed-income LSOAs that are in desirable residential locations where the Gini is driven by the presence of high
incomes.

6 | DISCUSSION

Income datasets rely on income bands where the highest incomes are incorporated in an open-ended category, such as
£60,000/pa or above in our dataset. The opaqueness at the top end of income statistics is a shared problem internationally
(OECD, 2018). Any measure of inequality based on household income data is likely to underestimate it, including our
own research. Because of this, the Gini at the local level may be better suited to describe the extent of income heterogene-
ity or “social mix”, rather than income inequality in a traditional sense. Our study also confirms that Gini results have a
broader range at the LSOA level than when aggregated to city level. The same logic works when scaled further up; report-
edly, national Gini figures are lower than those of major cities (Tammaru et al., 2020).

High/increasing Gini is often perceived as “bad news” in national studies. In urban research, a high Gini is tentatively
“good news.” In cities and neighbourhoods, it denotes income heterogeneity, or mixed incomes, often seen as a building
block of sustainable neighbourhoods. Glaeser et al. (2009) suggested that a degree of inequality could signal an inclusive
urban economy - it is worth asking “inclusive of whom?” We found that a higher Gini implied the inclusion of high in-
comes in the social mix, both at metropolitan and neighbourhood level.

In our segregation research design, high incomes represent the “minority population”, informed by our findings that
low incomes outnumber high incomes in four out of five LSOAs in England and Wales. Within Nottingham, conven-
tional research design using “low income vs. the rest” resulted in D = 0.185, whereas “high vs. low incomes” resulted in
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D = 0.463. This suggests that high incomes are more segregated than low incomes - a finding supported by our D impact
score maps. There are difficulties with using D to compare cities, particularly due to the variegated proportions of the
minority population in each city (Cortese et al., 1978). We explored this by providing a scatterplot that considers the mean
income in each city against their evenness scores. We consistently found that more affluent cities (with greater share of
high-income households) stood out from the rest. It may be that these distributional dynamics at the urban level have
been overlooked in previous research.

The concentration of poverty in inner cities is slowly diluting in England (Bailey & Minton, 2018), but our research
confirms that there is still a notable division between the typically poorer urban core and suburban wealth belts. We also
found that high-income groups are the most segregated, also within wealthier locations that were less segregated overall.
Considering the “time lag” between a rising national Gini and rising levels of urban segregation in Europe (Tammaru
et al., 2020), an important question arises about the long-term trend of self-segregation by the wealthy in UK cities. We
would need further data releases to investigate this, and urge the ONS to continue with small-scale income data model-
ling. Further data releases would also allow gentrification to be explored.

7 | CONCLUSIONS

The central motivation of this paper was to provide a framework for understanding the unevenness of household income
in ordinary cities and towns in England and Wales, and to explore the role of high incomes in inequality and segregation
patterns. Our urban comparison showed a recurring pattern. The cities and districts with a greater share of high-income
population (Cambridge, Winchester, and Rushcliffe in the Nottingham conurbation) have lower segregation, but higher
income inequality. This evidence runs counter to the perception that higher inequality means more segregation, which is
globally the dominant trend; the opposite appears to be the case in the named wealthy areas. This highlights the need for
understanding local deviations from expected patterns, an issue also raised by van Ham et al. (2021). Unlike in conventional
segregation studies, where the focus is often on poor vs. non-poor households, we focused on high vs. low incomes. We
found that high-income households were the most segregated group in our sample, a finding that supports international
studies on urban segregation patterns. Regarding the role of Gini in urban studies, a higher value is a harbinger of “social
mix” in cities and neighbourhoods, whereas a low Gini implied uniformly low income. For the lower average income cities
the pattern is less consistent — more research would be needed to confirm these trends and to expand the sample.

How the presence or absence of “social mix,” linked to self-segregation by the wealthy, affects quality of life and spa-
tial justice remains a question for future research. Our research also raises a question about trends over time that cannot
be explored with the current data. We would welcome a plurality of methods and intellectual traditions to make use of
income inequality and income-based segregation in urban studies and we hope our paper stimulates this effort, comple-
menting the long-standing interest in concentrations of poverty in urban studies.
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