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Abstract

Auckland, the largest city of New Zealand, is one of the most diverse cities in the
world, with more than 40% of its population born abroad, more than 200 ethnicities
represented and 160 languages spoken. In this paper, we measure residential sort-
ing of individuals in Auckland by their cultural (ethnicity) and economic (income,
education and occupation) characteristics for the years 1991-2013. Using entropy-
based measures of residential sorting and of neighbourhood diversity, we find that
individuals exhibit greater residential sorting by ethnicity than by economic charac-
teristics. Geographically, the semi-rural fringes of the city exhibit less diversity than
the central urban area. Multi-group indexes of cultural and economic sorting showed
a small decline over the 1991-2013 period. We also observe that ethnic sorting
declined over that period for broad ethnic groups, but that sorting within the broad
ethnic groups increased since 2001. A similar pattern of decreasing sorting at the
aggregate level, with increasing sorting within groups in the more recent sub-period,
is observed for occupations.
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1 Introduction

A ubiquitous and persistent phenomenon around the world is that the spatial dis-
tribution of a city’s population is, in terms of its cultural and socio-economic
characteristics, not random but systematic and clustered. Such residential segre-
gation, also referred to more broadly as spatial sorting, can be thought of as the
degree to which groups live away from each other (Denton and Massey 1988;
Johnston et al. 2007). Spatial sorting has many geographical, historical, institu-
tional, economic and behavioural determinants (e.g. Musterd 2005). Residential
sorting can occur in terms of age, language, religion, ethnicity, race and income,
or other socio-economic characteristics like industry of work, or occupation.

Schelling (1971) argued that all of the characteristics that may exhibit residen-
tial segregation are interrelated. People locate according to their preferences and
constraints, and individuals like to stay in close contact with people with whom
they share similar characteristics. Networks are often driven by common ethnic-
ity or language use, as such networks facilitate communication and trust. This
leads people of the same cultural identity to cluster together. Moreover, house
prices and rents are spatially highly correlated, leading to clearly defined low-cost
and high-cost housing areas. Consequently, people may be found to live near oth-
ers with a similar income, as their capacities to afford housing are then similar.
Industry and occupation are, besides age and education, also important predic-
tors of income. People with similar jobs tend to have similar incomes, generat-
ing another source of similarity of residential preferences and choices (Schell-
ing 1971). Understanding and measuring existing residential sorting patterns is
crucial for forecasting future housing demands, local transport and infrastructural
and communal facilities, as well as services such as education and health.

Neighbourhood composition influences social and economic outcomes (Maré
et al. 2012). The repercussions of residential segregation for individual well-being
and opportunities (e.g. Bennett 2011) are a major concern in many countries. If
particular socio-economic groups are concentrated in particular neighbourhoods,
this may exacerbate existing inequalities in terms of earnings, wealth and pov-
erty (Grodsky and Pager 2001). Racially concentrated poor neighbourhoods may
be more susceptible to social problems like lower quality social institutions,
increased crime, low property values, lower education levels and lower employ-
ment opportunities (Halpern-Felsher et al. 1997; Massey and Denton 1993).

One important, and related, trend in recent decades is the strong growth in
international migration which has been making cities more culturally diverse
and is expected to continue to do so in the future (Poot and Pawar 2013). The
migrant flows’ mixture of temporary and permanent highly skilled ‘talent’ and
lower-skilled workers may increase socio-economic diversity of a city, in addi-
tion to cultural diversity. Immigration may increase diversity at local levels, but
counteracting this is the tendency of migrant groups to cluster as well (White and
Glick 1999).

A particularly interesting case is that of Auckland, the largest city of New Zea-
land, which has become one of the most diverse cities in the world, with more
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than 40% of its population born abroad, more than 200 ethnicities represented
and 160 languages spoken. Much of this diversity is due to immigration since
the 1990s, but this has been superimposed on historical diversity resulting from
a strong presence of the indigenous Maori population, many of whom were
attracted to the city from their iwi (tribal) areas for employment (e.g. Pool 1991).
Auckland is now highly diverse in terms of ethnicity, country of birth, socio-eco-
nomic status, gender and age (Auckland Council 2018).

Consequently, we focus in this paper on the cultural and economic diversity
of Auckland. We measure cultural diversity by ethnicity. Ethnicity is an integral
expression of an individual’s culture (Betancourt and Lépez 1993). In the New Zea-
land Census, the ethnicity of an individual is defined as including any ethnic group
that the individual identifies with (Statistics New Zealand 2013a). New Zealand
residents can affiliate themselves with multiple ethnicities in the Census and some
other collections of official data (Kukutai 2008). The extent to which individuals
have been identifying with multiple ethnic groups has been increasing. Moreover,
resulting from large increases in migration flows since the 1990s—with recruitment
based on job skills, financial assets and family ties—and the abolition of a govern-
mental preference for traditional source countries (the United Kingdom and some
other European countries), there has been a rise in the number of distinct ethnic
identities in New Zealand (New Zealand Ministry for Culture and Heritage 2015).
Hence, the ethnic composition of New Zealand is changing, with the Maori, Pacific
and Asian ethnic group proportions growing faster than the European proportion
(Statistics New Zealand 2004). The population of New Zealand has also a high rate
of residential mobility, as well as increasing inter-ethnic marriage and cohabitation
(Statistics New Zealand 2007). To maximise the benefits and adapt to changes asso-
ciated with such an increasingly diverse population, more research is needed to bet-
ter understand this growing diversity and its impacts (Spoonley 2014).

Table 1 shows the growth and changing ethnic mix of Auckland’s population
between 1991 and 2013.! Over this period, Auckland’s population grew from 0.9
million in 1991 to 1.4 million in 2013 and accounts for about one-third of New Zea-
land’s population. The ratio of the number of ethnicities declared (total responses)
to the population increased between 1991 and 2013 from 1.05 to 1.11, which is
indicative of growth in people identifying with more than one ethnicity over this
period. It should be noted, however, that the number of individuals without a stated
or imputed ethnicity increased from 1 to 6% of the population. European ethnicity
decreased from 72% of total responses in 1991 to 54% in 2013. If we define ‘super-
diversity’ as the case in which no single major ethnic group represents a majority in
the population, it is clear that Auckland is close to becoming superdiverse (see also
Cameron and Poot 2019).

Those who report that they identify with Maori ethnicity represent a fairly sta-
ble 10% of total responses. During the 19th century colonialization period, this
indigenous population lost much of their lands and resources. They also tended to

! Data from the 2018 Census of Population and Dwellings were not yet available at the time of writing
of this paper.
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live in poorer and more crowded houses than Pakeha.” As noted above, many Maori
migrated after the Second World War to the cities for work. Postwar industrialisation
and import substitution policies led to very low unemployment and a high demand
for labour. Since the 1950s, Pacific people were also encouraged to migrate to New
Zealand’s cities, particularly Auckland, to meet the growing demand for labour.
When economic conditions deteriorated in the 1970s, restrictions on Pacific migra-
tion were increased. A points system for immigration introduced in the 1990s also
favoured skills over family ties. Some Pacific migration nonetheless continued. Over
the 1991-2013 period, the proportion of responses identifying with a Pacific ethnic-
ity increased from 11 to 13%.

From the late 1980s and the removal of the ‘traditional source country’ criterion,
migrants from non-traditional source countries began migrating to New Zealand
in larger numbers, especially from Asia. In 1991, only 5% of Auckland’s ethnicity
responses identified with an Asian ethnicity, but the proportion increased sharply
to about 21% in 2013. Though the Asian population has increased in every region
in New Zealand, the largest increase has been observed in Auckland (Statistics New
Zealand 2019b). The largest two Asian population sub-groups in 2013 were Chinese
and Indian (Statistics New Zealand 2019b). Besides employment-related migration,
another cause of the growth in the Asian population is a large influx of interna-
tional students undertaking tertiary studies, some of whom are settling in Auckland
afterwards.

Responses of ethnicities from the Middle East, Latin America, and Africa
(MELAA) and ‘Other’ make up a very small but growing percentage of total
responses, up to 2.7% in 2013. The large percentage of ‘Other’ in 2006 is an anom-
aly due the introduction on the census form of a separate ethnicity of ‘New Zea-
lander’, which was highly publicised and politicised in the media at the time and
was mostly selected by New Zealand Europeans. The category was kept in the 2013
census, but the number selecting it at that time had dropped by 85% compared with
2006.

The growing ethnic diversity of Auckland’s population is clearly impacting on
the patterns of segregation and spatial sorting that we will analyse in this paper. In
the remainder of the paper, we prefer to use the terms ‘residential sorting’ or ‘spatial
sorting’ where possible, to encompass a range of spatial population distribution phe-
nomena that include segregation, isolation, and concentration. Our preferred terms
are not only broader than the conventional term of spatial segregation, but also carry
none of the negative connotations associated with the latter.

Spatial sorting can create a vicious cycle of disadvantages—a lack of secure and
well-paid employment in one’s neighbourhood, or at commuting distance, leads
to low income, which in turn leads to low-quality housing. Low-quality housing
makes it hard to maintain good health. Low income can create barriers to access to
good education, which leads to low future employment opportunities for children,
which reinforces income inequality across generations (Dalziel 2013). This makes

2 Pakeha are non-Maori, usually of European ethnic origin or background.
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Table 1 Ethnic composition (level 1, total responses) of the Auckland population, 1991-2013 Source:
Statistics New Zealand (2019a, b)

Ethnicity 1991 1996 2001 2006 2013
European 72.40 67.08 62.81 51.17 53.52
Maori 10.55 11.30 10.61 10.03 9.68
Pacific peoples 11.39 11.79 12.85 13.00 13.22
Asian 5.36 9.15 12.60 17.12 20.83
Middle Eastern, Latin American, African 0.28 0.66 1.11 1.36 1.69
(MELAA)
Other 0.01 0.02 0.02 7.32 1.06
Total 100.00  100.00 100.00 100.00 100.00
Total responses 981,786 1,118,595 1,203,612 1,368,354 1,474,848
Total people with stated ethnicity 933,729 1,012,212 1,101,594 1,239,054 1,331,427
Average stated number of ethnicities per 1.05 1.11% 1.09 1.10 1.11
person
Total people without stated ethnicity 10,047 56,436 57,297 65,907 84,123
Total people, Auckland 943,777 1,068,645 1,158,891 1,304,958 1,415,550

“Note that this average stated number of ethnicities per person in 1996 is not directly comparable to that
for 1991 and 2001, due to the increase in the number of multiple ethnicity responses in 2006 partially
resulting from a change in the information provided for the ethnicity question. Adjusting for that, the
average stated number of ethnicities per person in 1996 may be estimated to be about 1.07

it important to understand how sorting patterns by economic variables are related to
sorting patterns by cultural variables (such as ethnicity).

Income inequality in New Zealand rose rapidly during the 1980s and early
1990s, and this increase was more rapid than in other developed countries (Alimi
et al. 2018). Additionally, income inequality increased particularly fast in Auckland
(Alimi et al. 2016). While inequality has been fluctuating since the beginning of the
twenty-first century, the Global Financial Crisis triggered a further increase. Socio-
economic inequality intersects with ethnicity. In 2013, the average income of Maori
was 78.9% of that of non-Maori. One-third of Maori aged over 15 had no school
qualifications, and only 6% of Maori and 2% of Pacific people held a bachelor’s
degree. Though there have been improvements in socio-economic indicators (life
expectancy, education, employment and income) over time, there has been a relative
decline in the number of Maori employed in skilled occupations. Pacific people are
also a relatively large proportion of the unemployed, lower-skilled and low-income
workers in Auckland and have substantially lower incomes than other ethnic groups
(Auckland Council 2018). Maori and Pacific peoples live disproportionately in low-
income households due to a complex set of circumstances, economic transforma-
tions and a succession of past policies, since colonial times for the former, and since
the 1970s for the latter.

Given this background to the demographic and socio-economic changes in Auck-
land in recent decades, in this paper we focus on identifying the changes in residen-
tial sorting over time. Specifically, the purpose of our paper is to address the follow-
ing research questions:
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(1) Has residential sorting been declining over time in Auckland?
(i) Is residential sorting by cultural factors greater than residential sorting by
economic factors in Auckland?
(iii) Isresidential sorting mostly driven by sorting between broad groups, or within
broad groups (i.e. by sorting between sub-groups)?

While this is not the first paper to consider these, or related, research questions,
there are several novel aspects to our analysis. First, we use entropy as the math-
ematical principle for measuring both spatial sorting and diversity. While entropy
is not an uncommon approach to diversity and sorting in the literature, our paper is
to our knowledge the first contribution using entropy in the New Zealand context.
One of the main advantages of entropy measures is their property that an aggregate
index can be decomposed into the weighted sum of within-group and between-group
measures (Theil 1972). We use this property to see how sensitive the residential
sorting index values are to the level of aggregation in our data, and to answer our
third research question.

The second contribution of this paper is that we consider spatial sorting in Auck-
land over a fairly long period of nearly a quarter century (1991-2013), while earlier
work has tended to capture shorter periods. Third, while earlier work has addressed
the impact of varying granularity of the spatial data (i.e. the definition and size of
areas), we are able to quantify the effect of changing the granularity of the clas-
sification. We do this for a cultural variable (ethnicity) and an economic variable
(occupation).

Regarding the first research question, Manley et al. (2015) found that, at a micro-
scale, ethnic residential sorting in Auckland declined from 2001 to 2013. Related
to the third research question, Manley et al. (2019) found that the intensity of seg-
regation for larger ethnic groups in Auckland remained static over the 2001 to 2013
period, but reduced drastically for smaller ethnic groups. Here, we revisit these
trends over the longer period 1991-2013. A longer time frame is important given
the radical economic reforms that took place in New Zealand during the decade fol-
lowing 1984 (Evans et al. 1996).

Regarding the second research question, Maré et al. (2012) found stronger resi-
dential sorting by ethnicity than by income or qualification in Auckland, but using
data for 2006 only. This New Zealand finding is consistent with US evidence of
greater segregation by ethnicity than by social class measured by education or occu-
pation or income (Farley 1977; Sims 1999). Here, we revisit whether residential
sorting in Auckland is greater by ethnicity than economic factors (income, qualifica-
tion and occupation) when we use our dataset for the 1991-2013 period.

Regarding the third question, past New Zealand studies (Johnston et al. 2008;
Maré et al. 2011) have already found that similar groups (i.e. sub-groups belonging
to a larger ethnic group) tend to co-locate. That suggests a high degree of sorting of
ethnic sub-groups within high-level ethnic groups. Decomposing multi-ethnic seg-
regation in Auckland at multiple spatial scales was recently undertaken by Manley
et al. (2019), following Lichter et al. (2015) who used the Theil index to decom-
pose metropolitan segregation in the USA into its within- and between-place com-
ponents from 1990 to 2010. Fowler et al. (2016) undertook a similar kind of study to
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evaluate the roles of area types in ethno-racial change. Our study complements these
earlier works, by considering within-and-between ethnic group and occupational
group components of sorting rather than spatial components.

The remainder of the paper proceeds as follows. In Sect. 2, we discuss relevant
studies on residential sorting, with a particular focus on North American, Austral-
ian and New Zealand research. Section 3 describes the data, and Sect. 4 details the
methods. Section 5 presents and discusses the results, and Sect. 6 concludes.

2 Background literature

Of all countries in which there has been research on residential sorting by ethnicity/
race, education, income and/or occupation, the largest number of studies has been
conducted for the US Recent reviews that refer to key contributions to this vast lit-
erature can be found in Lee et al. (2019) and Hall et al. (2019). In one of the earliest
such studies, Duncan and Duncan (1955) found that the most segregated occupa-
tional groups were the ones with the highest and the lowest rankings in terms of
socio-economic status. Farley (1977) measured the degree of socio-economic and
residential segregation in central cities and densely populated suburban areas and
found that minority individuals in the USA tended to cluster with other minority
group members. Simkus (1978) found that gross occupational residential segrega-
tion in urbanised areas increased slightly during the 1950s but, taking race into con-
sideration, levels of racial residential segregation between White residents and non-
White residents in the lowest occupation groups in 1960 were low. Massey (1979)
used 1970 Census data and found that segregation of the Spanish-American and
White populations declined with increases in socio-economic status. Denton and
Massey (1988) used data from the 1980 US Census to look into patterns of residen-
tial segregation by socio-economic status. They showed that the Black population
were strongly segregated from the ‘Anglo’ population irrespective of their occupa-
tion, educational qualification, or income. Ellis et al. (2004) found ethnic minority
groups to be more segregated in the labour market than in the housing markets, and
that more intergroup contact takes place during work hours than in the home envi-
ronment, which results in less workplace segregation. Johnston et al. (2004) demon-
strated that the interurban variations in segregation levels between US Metropolitan
Statistical Areas are strongly related to urban size, ethnic diversity and relative size
of the individual minority groups.

Overall, studies in the US (e.g. Domina 2006; Duncan and Duncan 1955; Farley
1977; Fischer 2003) demonstrate substantial residential segregation based on ethnic-
ity and socio-economic variables. Education, occupation and income make up an
individual’s social status together with ethnicity (Weeden and Grunsky 2005), and
these dimensions are related and jointly reinforcing. Florida and Mellander (2018)
therefore compared cultural with occupational, income and educational segregation
as well as a combined measure of overall economic segregation. They emphasise
that income is a consequence of education and occupation and, thus, to understand
economic sorting, the latter factors should be considered as well. They applied
measures of sorting to the different economic variables and formed an Overall
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Economic Sorting Index by averaging the sorting index values for the individual
economic variables. They found that economic segregation is associated with more
highly educated, larger and denser metro regions. They also found that economic
segregation is related to ethnicity, mode of transport and income inequality.

There is also a substantial literature on residential sorting outside of the USA for
New Zealand research, Canadian studies are also particularly relevant. Balakrishnan
et al. (2005) conducted a comparative study on residential segregation across major
CMAs (Census Metropolitan Areas) in Canada using 2001 census data. They found
considerable variation in segregation levels across these CMAs. They did not find
any systematic relationship between residential segregation and socio-economic
achievements (education, occupation and income). Walks and Bourne (2006) used
1991 and 2001 Canadian census data and found that Toronto, Vancouver, Montréal
and Winnipeg were the most residentially segregated CMAs in Canada. They also
found that the Black population and the Latin American population show patterns of
high residential segregation, as they are less economically successful than the other
ethnic groups. Fong and Hou (2009) looked into residential patterns of three minor-
ity groups (South Asian, Chinese and Black populations) in the four largest met-
ropolitan areas of Canada (Calgary, Montreal, Toronto and Vancouver) using 2001
census data. They found that these minority groups show patterns of residential inte-
gration over generations.

In Australia, studies of residential sorting are based on ancestry data, as the Aus-
tralian census does not ask any direct question related to an individual’s ethnic iden-
tification. Instead, respondents can state up to two ancestries and, for the foreign
born, country of birth is also known. Forrest et al. (2006) found spatial desegrega-
tion of non-host ancestral groups and Aboriginal people in metropolitan regions of
Australia, using data from the 2001 Census. Their results suggest that the presence
of ethnic clusters is a temporary phenomenon in Australia. Johnston et al. (2007)
used 2001 Australian census data to describe levels of segregation in Australia and
to analyse the factors affecting the levels of segregation. They found that residen-
tial segregation was most prominent in larger cities and where the minority ethnic
groups formed a large proportion of the total population. Johnston et al. (2016) used
2011 Australian census data and analysed residential segregation of 42 ancestral
groups in Sydney. They found that segregation is more prominent among smaller
ancestral groups, the most recently arrived, and individuals who are culturally dif-
ferent from the host society. For all ancestral groups, segregation was greater at the
macro- (regional) and micro (neighbourhood)-level than at the intermediate meso
(suburban district)-levels.

For New Zealand, most studies have focused on ethnic residential sorting using
data from the population census. In contrast with our paper, which covers the
1991-2013 period, there have been few previous studies concerned with longer-term
trends in residential sorting. Moreover, previous studies of residential segregation in
New Zealand have mainly looked at a limited number of ethnic groups, or groups by
country of origin or birth (e.g. Maré et al. 2016). Johnston et al. (2002) showed the
presence of prominent residential concentration patterns among Polynesians (that is,
Pacific Peoples plus Maori). Johnston et al. (2005) analysed variations in the degree
of residential segregation of the Maori population across the urban areas of New
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Zealand from 1991 to 2001. They found that the degree of segregation for this ethnic
group varies according to the relative group size within each urban area. Johnston
et al. (2008) showed that, in 2006, the Pacific Islander group was the most residen-
tially segregated in Auckland. Johnston et al. (2011) used New Zealand Census data
from 1991 to 2006 and found that, in comparison with Maori, Pacific Peoples were
more likely to cluster in areas where their co-ethnics dominated.

Few studies in New Zealand have looked at residential sorting by characteristics
other than ethnicity. Like Johnston et al. (2008), Maré et al. (2011) found that the
greatest residential sorting in Auckland is by Pacific Peoples, but also by people
with university degrees. In another paper, Maré and Coleman (2011) found that
‘own-group’ attraction was a much stronger determinant of residential sorting than
urban amenities. Maré et al. (2012) found that the Pacific Islanders, people with
higher university degrees and with higher levels of education, higher income and
the elderly, exhibited the greatest levels of residential sorting. Finally, Maré et al.
(2016) studied the residential assimilation of immigrants after their arrival in Auck-
land, using census data from 1996 to 2006. The groups included in the study were
limited to immigrants from the United Kingdom, China, India, South Africa and
the Republic of Korea. They found distinct patterns of residential assimilation for
most of the immigrant groups. They also found that the longer that immigrants from
each group had spent in the host country, the more their residential concentration
declined. Manley et al. (2015) looked at changing ethnic residential sorting among
the main four broad ethnic groups (European, Maori, Asian and Pacific Peoples) in
Auckland for the period from 2001 to 2013. They found that at each of three geo-
graphical scales [macro (localities); meso (area unit); micro (meshblock)], Pacific
Peoples were the most and Europeans were the least residentially segregated. They
also found that a decline in residential sorting at the micro (meshblock)-level could
be observed for Maori, Asian and Pacific Peoples.

As noted in the introduction, our paper contributes to the growing literature on
residential sorting in New Zealand. We use a finer-grained categorisation of ethnic
groups than used in previous research in New Zealand to better capture the hetero-
geneity within the broad ethnic groups. Unlike previous research in New Zealand,
we also look into long-term trends (close to a quarter century) of residential sorting
and we use entropy as a mathematical principle for measuring sorting and diversity.
Additionally, we measure overall economic sorting in Auckland by means of a com-
bination of income, occupation and qualification (following Florida and Mellander
2018). Finally, we also consider how much between-group and within-group sorting
contributes to the overall level of sorting, which has not been previously done in
New Zealand (or elsewhere, to our knowledge).

3 Data

We obtained population data from the 1991, 1996, 2001, 2006 and 2013 New Zea-
land Census of Population and Dwellings for the Auckland metropolitan region of
New Zealand. The New Zealand Census of Population and Dwellings is usually
conducted every 5 years (the 2011 census was delayed until 2013 due to a large
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earthquake in Christchurch) and collects a range of socio-demographic information
on each member of the New Zealand population present and normally resident in
New Zealand on census night. The census data on each individual include character-
istics such as location of usual residence, age, sex, ethnicity, income level, occupa-
tion, education and marital status. These microdata can be aggregated to population
statistics at various spatial levels. For the purpose of the present paper, each measure
of residential sorting (described below) was calculated based on data aggregated to
the area unit level for individuals aged 22 years and above.’ The Auckland region is
made up of 413 area units. Their median area is 169 hectares (1.3 km by 1.3 km).
Four area units had no usually resident population in any of the censuses and were
therefore dropped, leaving 409 for the analysis.

In accordance with the strict confidentiality rules laid down by Statistic New Zea-
land, the summary statistics, counts and calculations are based on data that have
been suppressed for raw counts less than six and otherwise randomly rounded to
base three.*

An ethnic group consists of people who generally have any of the following:
common proper name of the group, common elements of culture, similar interests,
feelings and actions, or share a common ancestral as well as geographic origin (Sta-
tistics New Zealand 2013a). A person’s ethnicity is the ethnic group or groups that
that person identifies with or feels a sense of belonging to. It is a measure of cultural
affiliation (in contrast to race, ancestry, country of birth, or citizenship). Ethnicity is
self-perceived, and a person can belong to more than one ethnic group. New Zea-
land residents can change their ethnic affiliation for statistical purposes at any time.

According to the New Zealand Standard Classification of Ethnicity, ethnicity is
classified in a hierarchy of four levels. An individual reporting more than one eth-
nicity is included in each ethnic group that they report (this is referred to as ‘total
count’ ethnicity) (Statistics New Zealand 2015). The main (Level 1) ethnic groups
defined in the Census are: European, Maori, Pacific Peoples, Asian, Middle Eastern,
Latin American & African (MELAA) and Others. Given the considerable heteroge-
neity expected within each of these broad ethnic groups, we also use data on Level 2
ethnic groups.® In our analysis, we proportionally distributed the population counts
of the ‘not further defined’ category for three Level 2 ethnic groups into the corre-
sponding Level 2 groups within the same Level 1 ethnic group.’®

Two issues affect the comparability of ethnicity data in New Zealand over time.
First, the format and wording of the Census ethnicity question changed twice
between 1991 and 2001. In 1991 and 2001, the question was almost the same, but

3 Area units are non-administrative areas that are aggregations of meshblocks. In urban areas, an area
unit is similar in size to a suburb or neighbourhood (Statistics New Zealand 2013a). We use 2013 area
unit boundaries.

4 Counts that are already a multiple of three are left unchanged, and all other counts are rounded ran-
domly either up or down to be a multiple of three.

> Refer to Appendix Table 6 for the Level 1 and Level 2 classification of ethnicities in New Zealand.

® We ran the analysis also with ‘not further defined’ dropped, and again with ‘not further defined’ as a
separate category. The differences in results with those reported in this paper are minimal, but available
upon request to interested readers.
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both differed substantively from the question in 1996.” Thus, comparability across
Censuses is likely to be affected. Substantial changes include increased multiple
responses in 1996 and a consequent reduction in single responses, and a tendency for
respondents to answer the 1996 question on the basis of ancestry (or descent) rather
than ethnicity (or cultural affiliation). These inconsistencies apply particularly to
the ‘European’ ethnic groups (including ‘New Zealand European’) and the ‘Maori’
ethnic group. In the 1996 data, the count for ‘Other Europeans’ was much higher
than in the 1991 or 2001 data. The count for the ‘New Zealand European’ category
decreased in 1996, which can be attributed to the fact that in 1996, people saw the
additional ‘other European’ category as being more suitable to describe their ethnic-
ity than the ‘New Zealand European’ category (Statistics New Zealand 2017a, b,
¢). For example, van der Pas and Poot (2011) noted that in the 1996 Census, almost
48,000 people identified themselves as Dutch, compared with just 27,866 in 2001
and 29,000 in 2006.

Second, the treatment of responses of ‘New Zealander’ to the Census ethnicity
question has changed over time. In 2001, those who considered themselves simply
to be a ‘New Zealander’ were likely to have been counted in the New Zealand Euro-
pean category. However, in 2006 New Zealander was explicitly included as a new
category and this change received much publicity in the media. This was no longer a
prominent issue by 2013, and the increase in counts for the New Zealand European
category from 2006 to 2013 is therefore partly attributable to fewer people identify-
ing themselves as ‘New Zealander’ by 2013.

We use three different variables in our analysis of economic residential sorting
(viz. educational attainment, occupation and income). For educational attainment,
we use the variable ‘Highest Qualification’ for all years from 1996 onwards.® The
classifications under this category for 1996 and 2001 are different from those for
2006 and 2013.° Due to unavailability of data on the same variable for 1991, we
used ‘Highest Secondary School Qualification’ for 1991.'° This issue affects our
results over time somewhat, but is not expected to have impacted on our conclusions.

7 Specifically, the ethnicity question in the 1996 Census had a different format from that used in 1991
and 2001. In 1996, there was an answer box for *Other European’ with additional drop down answer
boxes for "English’, "Dutch’, ’Australian’, ’Scottish’, "Irish’, and ’other’. These were not used in 1991 or
2001. Furthermore, the first two answer boxes for the question were in a different order in 1996 from
1991 and 2001. "NZ Maori’ was listed first, and 'NZ European or Pakeha’ was listed second in 1996.
The 1991 and 2001 questions also only used the words 'New Zealand European’ rather than "NZ Euro-
pean or Pakeha’ (Pakeha is the Maori word referring to a person of European descent). Also, the 2001
question used the word *Maori’ rather than *NZ Maori’ (Statistics New Zealand 2017a, b, c).

8 Highest qualification is derived for people aged 15 years and over and combines highest secondary
school qualification and post-school qualification to obtain a single highest qualification by category of
attainment (Statistics New Zealand 2015).

° For highest qualification, 2013 and 2006 Census data have limited comparability with 2001 Census
data due to the progressive introduction of the National Certificate of Educational Achievement (NCEA)
from 2002. NCEA is now the main qualification for secondary school students (Statistics New Zealand
2013a).

10 This is the highest secondary school qualification gained by category of attainment and was collected
for people aged 15 years and over (Statistics New Zealand 2015).

@ Springer



302 M. Mondal et al.

In the Census, an ‘occupation’ is defined as a set of jobs that require an individ-
ual (including the self-employed) to perform identical sets of tasks (Statistics New
Zealand 2013a). We use the New Zealand Standard Classification of Occupations
(NZSCO99),11 which is a five-level hierarchical classification with nine broad major
groups (Statistics New Zealand 2015). As in the case of ethnicity, we use both Level
1 and Level 2 occupation levels. From 1991 to 2013, reporting and classification of
occupations in the New Zealand Census of Population and Dwellings has changed
(Hancock 2015). Since 1996, the group ‘Armed forces’ has been included under
‘Personal and Protective Service Workers’. Therefore, we combined these groups for
the calculations in 1991 as well.

Finally, we also use data on total personal income.'? The number of income inter-
vals and the bounds have changed over the years due to inflation and real income
growth.'® For simplicity, we have not attempted to adjust the data to a common
set of intervals. This might affect the year-wise comparability of the sorting val-
ues; however, it is unlikely to substantially impact the conclusions drawn from the
analysis.

For all variables, we aimed to keep the number of groups similar, for better com-
parability in sorting, as residential sorting measures are sensitive to the number of
groups (Mondal et al. forthcoming). For example, 18 groups were used in the analy-
sis of ethnic sorting in 2018 and 16 income groups. In any case, where we measure
diversity in an area unit we use the Evenness Index, which corrects for the number
of categories in the classification. This is elaborated in the next section.

4 Methodology

There are many different measures that can be used as indicators of residential sort-
ing (see, e.g. Massey and Denton 1988; Nijkamp and Poot 2015; Reardon and Fire-
baugh 2002). We choose entropy-based measures of residential sorting and diversity,
following the seminal contribution by Theil and Finezza (1971). Entropy measures
are conceptually and mathematically attractive and provide the only multi-group
index than can be decomposed into a sum of between- and within-group components
(Reardon and Firebaugh 2002). Additionally, we provide the first application of this
approach with New Zealand data.

From information theory, we define the (Shannon) entropy of a system X,(H (X)),
with possible outcomes x|, x,, ... x5 and p(x;) the probability of state x; occurring,
as:

! The Australian and New Zealand Standard Classification of Occupations (ANZSCO) was only intro-
duced in 2006.

12 In the Census, total personal income is collected for people aged 15 years and over, who usually live
in New Zealand and are present on census night (including those who state not receiving any income).
Total personal income is the before-tax income for the respondent and is collected as an income range
rather than an actual dollar income (Statistics New Zealand 2015).

13 The detailed year-wise income bands are shown in Appendix Table 9.
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H(X) = Zp ) Inp(x;) ¢))

Interpreting the fraction of a population that belongs to a certain group as the
probability of a randomly selected person belonging to that group, we can define the
diversity (entropy) index (E,) of the population in area a in terms of a given clas-
sification as:

G
Pe  Pea

g p g 6)

in which P, is the number of people from group g (=1, 2, ..., G) located in area

unit a (=1, 2, ..., A), and P, is the total number of people in area unit a. We will

additionally denote P, as the number of members of group g in Auckland and P to
be the total number of people in Auckland. The minimum of the diversity index is
reached when only one of the groups is present, in which case E, = 0.'* Maximum
diversity occurs when all groups are equally represented in area unit a, in which case

= In(G). Because we are considering classifications that have different numbers
of categories, it is convenient to normalise the entropy diversity index to an even-
ness index I, that varies between zero and one in all cases (e.g. Nijkamp and Poot
2015):

P
ZG _sa ln gu
] = — g=1 p, P, 3)
“ In (G)

To investigate the geographical differences in diversity across Auckland area
units, we calculated the evenness index of each area unit in Auckland for each of the
four classifications and use choropleth maps to show the spatial distribution of this
diversity measure across Auckland. Following Florida and Mellander (2018), we
also averaged the area unit diversities (with equal weights) for the three economic
(income, qualification and occupation) variables in each census to create an over-
all economic diversity measure which can be compared with the cultural diversity
measure based on ethnicity.

Spatial sorting can be defined as the average extent to which diversity of an area
unit differs from that of the city as a whole. Hence, if we compare group g with all
other groups combined, the entropy of area a (E,,) becomes:

Pa Pa P(l Pa
Ega:_g1n<g>_< g>1n< g) (4)
Pa P(J Pd P(l

while for the city as a whole (E,) it is:

4 We define O*ln(O):lin{l)[q(ln(q)] = 0 to allow calculation of D, even in the case of there being groups
pran

who have zero members in any area at some point in time.
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P, (P, P, P,
Eg——Fln<?>—(l—?>ln<l—F> (5)

A natural measure of spatial sorting/segregation of group g(EIS,) is then (see,
e.g. Iceland et al. 2002):

A
P E
EIS, =Y 4 1-=X
) Zp< Eg) )

a=1

which is simply the area—population weighted average of one minus the relative

entropy of the areas with respect to group g. This index varies between zero

(when the group is dlstrlbuted proportionally to the total population in all area units)
to one (when all areas in which group g is represented contain no other group).
When the composition of a city’s population in terms of groups according to a
classification (ethnicity, occupation, etc.) changes, it is useful to have an overall
measure of residential sorting for the city that accounts for whether segregated
groups are becoming more or less important. This overall measure is Theil’s Multi-
group Segregation Index H (Theil 1972; Theil and Finezza 1971; White 1986). To
calculate this index, we first measure the city-wide entropy (diversity) (E) of the

P, . P, P, .
classification, i.e. E = — Z - In - We also calculate the ratio r,, = Pa -/ which

8=
measures the extent to Wthh a group is overrepresented (r,, > 1) or underrepre-

sented (r,, < 1) in area a. Theil’s multi-group spatial sorting index (H) is now calcu-
lated as follows (e.g. Reardon and Firebaugh 2002, Table 1):

A

P
:%2 ;Z;rgalnr 6)

g=1 =1

Essentially, H measures the group-population weighted average of the extent to
which the spatial distribution of a group differs from the spatial distribution of the
entire population. H varies between zero and one. The index is zero when all areas
have the same population composition. The index is one if there is, for each group
in the classification, no area in which more than that one group is represented. An
alternative way of calculating an overall city index of residential sorting (H*) is to
simply take the group-population weighted average of EIS,, i.e. to calculate:

G

P
* 8
H' =3, 5 EIS, ™

g=1

This calculation gives approximately the same value as H, but is easier to inter-
pret. We calculate this measure to investigate whether residential sorting has been
changing over time in Auckland. We also use the H* values calculated for each
classification to compare residential sorting by cultural and economic factors in
Auckland. Yet another way of calculating H is to exploit the property that it meas-
ures the relative extent to which the diversity of city as a whole differs from the
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population-weighted average of the area units’ diversity (Theil and Finezza 1971;
White 1986). The diversity of the city is given by E as defined previously. We can
then calculate H also as follows:

E-Y* L
o P 2wt ®)
E

Finally, following Reardon et al. (2000), we consider the impact of multi-level
classification on Theil’s Multi-group Segregation Index H. Considering different lev-
els of aggregation, we decompose the index values into between-group and within-
group components and show how sensitive the sorting index is to the level of aggre-
gation in the classifications. In our case, we consider a classification with two levels
(coarse—single digit—and more refined—double digit) for both ethnicity and occu-
pation, as only these two measures have multiple levels of classification that allow
for this decomposition.

Specifically, consider that g=1, 2, ... G indexes the most detailed classification
and that n=1, 2, ... N is an aggregation of these groups into a smaller number of
broader groups (i.e. N<G). Theil’s Multi-group Sorting Index values (H) can be
decomposed into between-group and within-group components for ethnicity and
occupation using the following formula:

N

Ey PE
H=—H,+ Z —H
N & PE n (9)

(see Reardon et al. 2000; Reardon and Firebaugh 2002). Here, H is the Theil index
calculated over all groups in the city (Level 2), Hy is the Theil index calculated
among the Level 1 groups, and H, is the Theil index calculated within each of the
Level 1 groups (i.e. between the Level 2 groups). E is entropy among the super-
groups (Level 1), E,, is the entropy within Level 1 group n, and E is the entropy of
the population as a whole (i.e. Level 2). P and P, are, respectively, the size of popu-
lation as a whole and the population size of Level 1 group n.

5 Results

Figure 1 shows choropleth maps of the evenness scores of area units in Auckland for
each of the variables in 2013. Lower values represent lower levels of diversity and
are signalled by lighter colours on the map. For reference, Panel (a) in Fig. 1 shows a
map of the 13 wards (which elect the Auckland Council mayor and 20 Councillors)
as well as the 21 local boards (that are concerned with local issues) that make up
the Auckland area (Fathimath 2017). The Central Business District is in the Waita-
mata and Gulf ward. Panel (b) shows that ethnic diversity varies widely across the
city. Generally, the central urban area exhibits much greater diversity than the rural
fringes. Ethnic diversity is also much greater south of the city centre than north of
the city centre and harbour bridge. Central Auckland has two large tertiary institu-
tions along with many language schools and other training institutions, which attract
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students from overseas and contribute to high ethnic diversity in central Auckland.
Moreover, the two largest contributors to the Skilled Migrant visa category are India
and China (Ministry of Business, Innovation and Employment 2016), and their resi-
dential location is also relatively clustered (Maré et al. 2016).

The evenness scores for the economic variables are displayed in Panels (c)-(e) in
Fig. 1. These use the same legend as Panel (b). In terms of diversity across quali-
fication groups, there is less diversity in south Auckland and in those parts of the
city centre where students dominate. Qualifications and ethnicity evenness values
are actually negatively correlated (r=—0.35). In contrast, evenness scores of ethnic-
ity are positively correlated (»=0.37) with those of occupation shown in Fig. 1d. On
the whole, the map for occupations shows less spatial contrast than for education
and a lower average evenness score across area units. The lower occupational even-
ness score in the CBD reflects the dominance of the services sector there. The map
for income (Fig. 1e) shows a spatially dominant high level of evenness. This simply
reflects a fairly even distribution everywhere of the population across the income
categories,'® but it is not necessarily indicative of low income inequality. We do
observe lower evenness where students live and in the south of Auckland. Income
and ethnicity evenness values are negatively correlated (r=—0.20). In general, it is
clear that there are more spatial differences in Auckland in terms of cultural diver-
sity than in terms of any of the economic variables.

Figure 2 shows the relationship between 1991 and 2013 values of the evenness
measure of diversity in each area unit of Auckland for each of the variables, where
each dot represents one area unit. In the figures, almost all observations for all the
variables, except for occupation, lie above the 45-degree line. This means that for
most area units in Auckland, diversity has increased between 1991 and 2013, except
for occupation (Panel (c)). For occupation, area units appear roughly equally split
between those that had increasing diversity and those that had decreasing diversity.

Table 2 reports the Auckland-wide evenness indexes over the period 1991 to
2013. This shows that Auckland has generally become more economically and cul-
turally diverse. For all of the variables except occupation, diversity has increased
over this period.'® In the case of occupation, the downward trend in evenness can
be attributed to the growing dominance of services and related occupations in New
Zealand (Statistics New Zealand 2017a, b, ¢).

5.1 Sorting by ethnicity

Table 3 shows the Entropy Index of Sorting values for ethnicity in Auckland in
1991, 1996, 2001, 2006 and 2013. We observe that for all Level 2 ethnic groups
within the Pacific Island broad ethnic group, along with the Chinese and Indian
ethnic groups, there has been an increase in spatial sorting. These groups appear

15 The income categories are listed in Appendix Table 9.

16 This number has declined from 2006 to 2013 because the number of people calling themselves New
Zealander declined for New Zealand as a whole from 430,000 in 2006 to just under 66,000 in 2013 (Sta-
tistics New Zealand 2013a).
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(a) Auckland Wards and Local Boards

MAP: Local Boards
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Fig. 1 Diversity in Auckland by Cultural and Economic Variables, 2013 a Auckland Wards and Local

Boards Source: Fathimath (2017). b Evenness index—Ethnicity. ¢ Evenness index—Qualification. d
Evenness index—Occupation. e Evenness index—Income
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(b) Evenness Index - Ethnicity
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Fig. 1 (continued)

to show Schelling-type behaviour in that they appear to be increasingly seeking
to live with their co-ethnics (Schelling 1971). In Auckland, groups of Chinese are
clustered in the wealthier suburbs, but most are concentrated in middle-priced
suburbs. The Indian population is also observed to have major concentrations in
these areas. A large number of Asian students are concentrated in central Auck-
land, which is near the largest tertiary institutions (Ho 2015). Friesen (2008) also
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(¢) Evenness Index — Qualification

Diversity
by qualifications
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Fig. 1 (continued)

found a significant level of clustering among the Asian population in Auckland.
A ‘zone of familiarity’, including provision of ethnic goods and services and
employment in ethnic businesses run by co-ethnics may contribute to this out-
come. Poulsen et al. (2004) found that despite policies promoting multicultural-
ism in New Zealand, many among the Chinese or Indian ethnic groups choose to
maximise their economic success by being involved in small businesses serving
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(d) Evenness Index - Occupation

Diversity
by occupation
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Fig. 1 (continued)

their own community and thus reside in neighbourhoods with a larger proportion
of their ethnicity. In contrast to the Chinese, Indian and Pacific groups, Table 3
shows that for the New Zealand European, South-East Asian, and all of the Level
2 ethnic groups within the MELAA broad ethnic group, residential sorting has
declined over time.
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(€) Evenness Index - Income

Diversity
by income
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Fig. 1 (continued)
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Notes: (a) Ethnicity; (b) Qualification (c); Occupation; (d) Income. Diversity is measured by means of the

Evenness Index.

Fig.2 Cultural and economic diversity of Auckland area units: a Comparison between 1991 and 2013

Table 2 Auckland-wide levels

. Year
of the evenness index of group

Ethnicity Qualification Occupation Income Economic

counts within the classifications, 1991
1991-2013
1996

2001
2006
2013

0.402
0.465
0.505
0.647
0.584

0.878
0.848
0.884
0.894
0.922

0.896
0.893
0.900
0.892
0.871

0.949
0.922
0.949
0.969
0.970

0.908
0.888
0.911
0918
0.921

We calculate Auckland-wide Evenness Indexes (/) for each classifi-
cation in each census years, I=E/In(G), where G is the number of

groups in a classification. See also Sect. 3
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5.2 Sorting by other variables

In line with the geographically based results reported in Fig. 1, residential sorting by
qualification, occupation and income is much less apparent than for ethnicity.!” We
find that the greatest residential sorting is exhibited by people with high education
and high income.'® These results are consistent with previous research (Maré et al.
2011, 2012). Maré et al. (2011) found prominent patterns of concentration of resi-
dents with high income in specific regions of Auckland, but less distinct patterns for
the low and middle income groups.

It can be easily shown by regression that there is a small negative effect of group
size on the level of sorting. With respect to occupation, this can be easily illustrated
by the ‘Legislators and Administrators’ group, which had the highest level of sorting
in 1991 (EIS=0.361), but only accounted for 0.013% of the Auckland labour force.
The next three groups with the highest levels of residential sorting in 1991 (with
their 1991 labour force share in parentheses) are: ‘Salespersons, Demonstrators &
Models’ (5.65%), ‘Drivers and Mobile Machinery Operators’ (2.9%) and ‘Other
Craft & Related Trades Workers’ (1.62%). All of these experienced a notable decline
in residential sorting between 1991 and 2013. At the other end of the scale, the four
occupational groups with the lowest residential sorting in 1991 were: ‘Office Clerks’
(12.7%), ‘Other Professionals’ (3.54%), ‘Personal & Protective Services Workers’
(7.1%) and ‘Other Associate Professionals’ (7.86%). The groups with the next low-
est EIS, ‘Market Orientated Agricultural & Fishery Workers’ (three per cent) experi-
enced a huge 1991-2013 increase in sorting (from 0.016 to 0.171), indicative of the
expansion of residential land at the cost of land used for market gardening.

In terms of overall residential sorting, Theil’s Multi-group Segregation Index (H)
(see Table 4) shows a decline in ethnic residential sorting between 1991 and 2013 (the
low values in 1996 and 2006 are partially due to the census question issues discussed
earlier). Table 4 also shows that the residential sorting by income has remained con-
stant over time at this very broad level. However, this does not imply that there are
no change in the distribution of ‘poor’ and ‘rich’ areas. The index does not inform on
levels of income, but simply on the spread across the census questionnaire income
intervals. We observe'® a notable increase in residential sorting of those in the ‘open-
ended’ highest income category, with EIS increasing from 0.119 in 1991 to 0.135 in
2013, suggesting that the rich are less evenly spread spatially than they used to be.

Residential sorting by occupation shows a downward trend from 1991 to 2006,
with a slight increase subsequently.?’ This might be due to a number of factors. The
female labour force participation rate has increased in New Zealand (from 54.3% in
1991 to 64.5% in 2006) (Statistics New Zealand 2017a, b, c). While there is gender
segregation in employment by occupation, occupational segregation has declined
and there has been a structural transformation in employment towards employment

17 See Appendix Tables 7, 8 and 9, respectively.
18 See Appendix Tables 7 and 9.

19 See Appendix Table 9.

20 See Appendix Table 8.
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in services. Consequently, whereas there were historically ‘blue collar’ (male
employment dominated) and ‘white collar’ area units, that distinction has become
less over time (e.g. van Mourik et al. 1989)—leading to lower spatial sorting by
occupation. For qualification, the residential sorting trend is also downward (the
1991 value is not directly comparable due to a changing classification).?!

Comparing the Theil Multi-Group Index across the four chosen characteristics—
ethnicity, qualification, occupation and income—we see that the greatest degree of
residential sorting occurs by ethnicity. Among the economic variables, residential
sorting is greatest by occupation. Again, the lack of residential sorting by income
might seem surprising. However, previous research for New Zealand (Maré et al.
2011, 2012) has also found low residential sorting by income. New Zealand has cer-
tainly had historically low levels of spatial income inequality. Moreover, the use of
personal income instead of household income could also have contributed to low
measured sorting by income. Maré et al. (2012) calculated income sorting by per-
sonal income as well as household income and found that the sorting values were
slightly higher for household income.

Taking the average of the Theil Multi-Group Indexes for the economic variables,
following Florida and Mellander (2018), we see from the final column of Table 4
that, firstly, spatial sorting in Auckland is less in economic terms than in cultural
terms and, secondly, that ethnic and economic spatial sorting levels are less in 2013
than in 1991.

Finally, we show how sensitive the Theil’s multi-group measure of sorting is
to the level of aggregation, by decomposing the H values into between-group and
within-group components.?? We do this for our cultural variable (ethnicity) and one
economic variable (occupation). The results for ethnicity are reported in Table 5Sa,
and the corresponding analysis for occupation is reported in Table 5b. The ‘Theil at
level 2’ column of Table 5a repeats the index values already reported in the ‘Ethnic-
ity’ column of Table 4. The second and third columns decompose the first column
into a share of sorting that occurs between Level 1 ethnic groups, and a share that
occurs within Level 1 groups (i.e. between Level 2 groups within the same Level 1
group), as shown in Eq. (9). The fourth and fifth columns show the percentage shares
of between- and within-group sorting. In terms of shares, the results imply that the
co-location of Level 1 ethnic groups (e.g. Pacific Islanders) has been decreasing
over time, but that sorting between Level 2 ethnic sub-groups (e.g. Samoan, Cook
Island Maori, Tongan, etc.) within their Level 1 groups has increased in importance.
In other words, Level 2 ethnic groups are increasingly sorting away from other Level
2 groups within the same Level 1 broad ethnic group. For instance, there are fewer
suburbs that are generic Pacific Island communities, with Samoan, Tongan and other
Pacific groups increasingly located separately from each other.

Table 5b repeats the analysis for occupation. In this case, the sorting is higher
within Level 1 groups (i.e. between Level 2 groups within each Level 2 group) in

21 See Appendix Table 7.
22 The data used for the Level 1 calculation have been constructed from the Level 2 data sheets (using a
bottom-up approach), so that the total population count at both levels are the same.
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Table 4 Theil’s Multi-Group

. X . Year Ethnicit ualification Occupation Income Economic
Index of residential sorting by vy Q P

ethnicity and socio-economic 1991 0.135  0.028 0.035 0015  0.026
variables: Auckland, 1991-2013
1996 0039  0.036 0.031 0015  0.028
2001 0.122  0.029 0.027 0015  0.023
2006 0.096  0.028 0.024 0015  0.023
2013 0122  0.025 0.025 0015  0.022

The Economic Index of residential sorting is the simple average
of the Theil Multi-group Index for qualification, occupation, and
income

all years, and segregation has generally been declining between Level 1 groups
and between Level 2 groups within a Level 1 group. The notable exception is the
increase in the ‘within Level 1’ component between 2006 and 2013, leading also to
an increase in the Level 2 share over that period. This suggests that while there was
a trend of enclaves of people of similar occupations within a higher level occupa-
tional grouping co-locating less, this trend reversed after 2006. Analysis with 2018
data may reveal whether this reversal is one-off or indicative of longer-term underly-
ing phenomena that lead again to co-location.

6 Conclusion

We applied entropy-based measures of residential sorting and diversity to census
data for Auckland over the period from 1991 to 2013. We find that, broadly speak-
ing, residential sorting by ethnicity, qualification and occupation declined over this
period, whereas sorting by income remained fairly constant. Calculations with the
Theil Multi-group Index reinforced that both cultural and economic residential sort-
ing in Auckland declined over this period.

One of the research questions in this paper was to identify whether individuals
exhibit the greatest level of residential sorting by their cultural or by economic char-
acteristics. We considered ethnicity as our cultural variable. We formed our eco-
nomic index of residential sorting as a combination of income, qualification and
occupation, which—as stated by Florida and Mellander (2018)—captures the mutu-
ally reinforcing aspects of income, qualification and occupational sorting in a better
way than they do individually. We find that residential sorting is greater by cultural
factors (ethnicity) than by economic factors (income, qualification and occupation),
separately as well as combined.

This result might seem surprising, given that we can imagine enclaves of privi-
lege or relative deprivation. Why then, do the data not support this? Part of the
reason is likely to be our chosen level of geographical aggregation. In urban areas,
an area unit is approximately the size of a suburb, with an average population of
about 2000. If we were to complete our analysis at a lower level of geographi-
cal aggregation (e.g. meshblocks, which are roughly neighbourhoods or city
blocks), we might observe more residential sorting by these other characteristics.

@ Springer



Cultural and economic residential sorting of Auckland’s... 317

Table 5 Decomposition of Theil’s Multi-Group Index of residential sorting by ethnicity and occupation:
Auckland, 1991-2013 Source: Statistics New Zealand (2013a, b)

Theil at level 2 Between level Within level Between level 1 Within level 1
1 groups 1 groups groups proportion (%) groups proportion
(%)

(a) Decomposition of Theil’s Multi-Group Index of residential sorting—Ethnicity

1991 0.135 0.054 0.080 40.3 59.7

1996 0.039 0.031 0.008 78.9 21.1

2001 0.122 0.066 0.056 53.8 46.2

2006 0.096 0.038 0.057 40.1 59.9

2013 0.122 0.044 0.078 36.0 64.0

(b) Decomposition of Theil’s Multi-Group Index of residential sorting—Occupation

1991 0.035 0.012 0.023 332 66.8

1996 0.031 0.011 0.020 35.8 64.2

2001 0.027 0.011 0.016 40.7 59.3

2006 0.024 0.010 0.015 40.6 59.4

2013 0.025 0.007 0.017 29.0 71.0

The standard classification of ethnicity in New Zealand Census has a hierarchic classification of four lev-
els. Level 1 of the classification has six categories. Level 2 has 21 categories. Level 1 includes broad eth-
nic groups (e.g. Asian people). Level 2 includes finer disaggregated ethnic groups (e.g. Chinese, Indian,
and Southeast Asian people). Also see Table 1 and Appendix Table 6

However, small cell sizes would become problematic when conducting this analy-
sis across many groups and many small geographical areas, leading to a greater
degree of necessary suppression of data counts (Statistics New Zealand requires
this due to concerns about confidentiality of data). This explains why previous
analyses that have used meshblock-level data (e.g. Maré et al. 2011) have used
more aggregated ethnic or other groups. Our analyses should be seen as comple-
mentary to that earlier work. Moreover, the lack of prominent pattern of income
sorting might also be due to the use of total personal income and not household
income, which might play a role in household location decisions (Maré et al.
2011).

From the decomposition results, we find that individuals are increasingly tend-
ing to co-locate more according to their finer ethnic groups than their broad eth-
nic groups. The finer ethnic groups are not co-locating together with other groups
within the same broad ethnic group, i.e. there is spatial heterogeneity of the finer
ethnic groups. For example, the Tokelauans and the Niueans co-locate more with
their own-group members now, but they do not tend to co-locate with other groups
under the broad Pacific group. This can create both problems as well as opportu-
nities for public services (Caldwell et al. 2017). Thus, it is becoming increasingly
important to look at residential sorting at a much finer scale.

Our findings contribute to the extant literature on residential sorting in a
number of ways. First, our interpretation is based on the results from entropy-
based measures, which is new in New Zealand. We strongly recommend the
use of entropy-based measures in future research, as along with many desirable

@ Springer



318 M. Mondal et al.

properties, they are least sensitive to group size (Mondal et al. forthcoming).
Second, this is among the first studies to consider residential sorting within and
between broad ethnic groups. This is important because the broad (Level 1) eth-
nic groups are very heterogeneous and may not represent the characteristics and
choices of their component (Level 2) groups. For instance, the ‘Asian’ broad eth-
nic group includes diverse Level 2 groups such as Southeast Asian, Chinese and
Indian ethnicities. An argument could be made that even the Level 2 groups are
too heterogeneous (e.g. Southeast Asian), and that Level three groups (Thai, Viet-
namese, etc.) would be an improvement. We leave that as an exercise for future
research. Previous studies in New Zealand have found that the Pacific group tends
to co-locate with its own-group members the most (Johnston et al. 2011; Maré
et al. 2012). However, using finer-grained (Level 2) ethnic groups we observe that
although the Level 2 ethnic groups under the broad Pacific group are also highly
residentially segregated, residential sorting is also relatively high among those in
the MELAA group. That the conclusions change depending on the level of analy-
sis demonstrates the importance of considering the appropriate level of ethnic
aggregation. Finally, this paper is one of only a few that include occupation in
studying residential sorting in New Zealand.

This study can be extended in a number of ways. In addition to using even more
finer-grained ethnic groups, more complex patterns and trends in residential sorting
can be identified by combining cultural and socio-economic variables through cross-
tabulated groups (e.g. ethnicity-income, ethnicity-qualification, etc.). Though we
find a less pronounced pattern of residential sorting by occupation, education and
income than for ethnicity, further investigation of other socio-economic variables,
as well as of other cultural variables like language and religion, offers also fruit-
ful avenues for future research. Additionally, when looking at residential sorting by
occupation, we only looked at individuals who are employed, and not at those who
are not in the work force because they are unemployed, fulltime carers or retired.
Given the ageing of the population, the study of residential (re)location of older
couples and individuals is of growing importance. Moreover, rather than taking a
descriptive approach there is also much scope for in-depth regression modelling of
residential location, as previously explored by Maré and Coleman (2011). Finally,
the consequences of current and future trends in residential sorting for individual
well-being and local social capital are also a demanding but important topic for fur-
ther investigation.
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Appendix

See Table 6, 7, 8 and 9.

Table 6 Ethnic group classification in New Zealand Source: Statistics New Zealand (2013a)

Ethnic group Ethnic group code Ethnic group Ethnic group code description (level 2)
code (level 1) description (level 1) code (level 2)
01 European 10 European not further defined
11 NZ European
12 Other European
02 Maori 21 NZ Maori
03 Pacific Peoples 30 Pacific Island not further defined
31 Samoan
32 Cook Island Maori
33 Tongan
34 Niuean
35 Tokelauan
36 Fijian
37 Other Pacific Island
04 Asian 40 Asian not further defined
41 Southeast Asian
42 Chinese
43 Indian
44 Other Asian
05 MELAA 51 Middle eastern
52 Latin American/Hispanic
53 African
06 Other 61 Other ethnicity

There are 21 ethnic groups at Level 2. In the empirical analysis, population counts of the three ‘not fur-
ther defined’ categories at Level 2 have been proportionally distributed among the corresponding Level 2
groups within the same Level 1 ethnic group. Consequently, the analysis at Level 2 is based on 18 groups
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