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Abstract
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The issue of ethnic residential segregation hag &ttracted much academic attention
in a wide range of countries. Measuring the degweehich groups are segregated —
i.e. the extent to which they live apart from mensbaf other groups in relatively
exclusive residential areas — has involved the Idpweent of a wide range of indices
designed to capture separation across a city’dersal fabric. (For recent overviews
see Reardon, 2007; Feitosa et al., 2007: see migus8n, 2007.) In a classic paper,
Massey and Denton (1988) classified many of thediees into five categories which
focus on different aspects of mapped patterns vammess, isolation, centralization,
clustering, and concentration — and suggestedtierae were not only conceptually
but also empirically separate. According to theguanent, therefore, capturing the
full nature of segregation was a five-dimensioaakt although Johnston, Poulsen
and Forrest (2007a), after an empirical re-evabmatif their arguments, argue that it
is basically only two-dimensional — one largelyatsd and the other spatial.

Most analysts have focused on just two of those agieihdices, however —
unevenness and isolation — both of which fall ihi® aspatial category. For
unevenness, most popular have been the indexsifrdiigrity, which identifies the
degree to which the distributions of two ethnicugre differ across the spatial units
into which a city is divided, and the associatedeof segregation, which compares
the distribution of one ethnic group to that of teenainder of the city’s population.
For isolation, again two indices have commonly beéeployed: the index of exposure
identifies the degree to which members of two etlgnoups area separated from each
other across the city’s constituent areas; thexmdésolation summarizes the degree
to which members of one group live apart from memloé¢ all other groups in
relatively exclusive residential areas.

Widespread use of these indices has provided mewérgl information on the
residential geographies of different ethnic grogasoss cities and over time. But
they suffer from a number of drawbacks which mémt they provide only a partial
representation of the situation. If the concepegjregation is limited to pattern-
description (excluding explicit measurement of $bgregation-generating processes:
Simpson, 2004; Johnston, Poulsen and Forrest, 20@5) it relates to the extent to
which members of a defined group live apart frommbers of other groups — the
complement of which is the degree to which theyeshesidential space. Thus total
segregation for a group would involve none of itsmbers living in areas also
occupied by members of other groups, whereas aletengosence of segregation for
that group would mean that its members form theessimare of the population in
every area into which the city is divided.

Segregation implies not sharing space and its statly for different approaches from
those based on single-number indices, as in thelol@wment of residential area
typologies (Johnston, Poulsen and Forrest, 200HBse, however, also suffer from
being largely aspatial (Johnston, Poulsen and Bpr2008) and so in this paper we
explore the use of spatial statistics to addrasssbue and provide more explicitly
locational insights to the geography of segregation

ON SEGREGATION INDICES

A first major drawback of the widely-used singleamer indices used is that although
they are excellent at identifying the two extrenteations just discussed, they are



less so at various points along the continuum betvieem. Take, for example, the
index of segregation, which varies between 1.0 (deta segregation) and 0.0
(complete lack of segregation). What does a vafieindicate? The usual
interpretation is that 60 per cent of the membéth@group in question would have
to be redistributed across the city’s constitueaasa in order that the group formed
the same proportion of the population in every afdhough of value, that figure
does not tell us what proportion (if any) of thegp’s members live in areas from
which members of other groups are absent. Therebmayrelatively high index —
indicating that the two geographies are very digaim but this does not necessarily
mean that some members of the group are living &jmein the rest of the population
in relatively exclusive districts, nor that someeliin areas where they form only a
small minority.

A second drawback concerns the degree of variationnd an average situation. An
index of isolation of 0.6, for example, indicatbatton average across the city there is
a 0.6 probability that if you select a member givaen ethnic group at random, then
another individual selected at random from witta same spatial unit (the small
areas used to calculate the index) is also a meailikat ethnic group. The index
gives the probability of two neighbours (i.e. indwals selected at random) being
from the same ethnic group. But what is the vayradiround that probability, if any?
For some members of the group the probability neg.b (i.e. they live in exclusive
enclaves) whereas for others it may be 0.001 (ikieyn areas where there are
virtually no other members of their group) — vagatabout which a single-number
index reveals nothing.

A final major drawback — sometimes referred tohes'theckerboard problem’ — is
one of geography. The indices of unevenness atatimo take no account of relative
location, of whether, for example, all of the sphtinits where one ethnic group is
concentrated are clustered together within the ssegment of the city or whether
there are several smaller and spatially distingstelrs (which is why we term the
indices aspatial). If the former situation applign it could be argued that members
of the group are more segregated than if the lafiplied — even if the index of
isolation is the same in both cases. In the forrase, with the areas of group
concentration all clustered together, not onlyyamer near neighbours likely to be
from the same ethnic group but so are those wieodilittle further from your home;
in the latter case, people living on the same bblxclyou might have the same ethnic
identity but those two blocks away may not.

This last problem has been addressed in a numlveayd, initially by calculating
indices that combine, say, dissimilarity with ckrétg (Morgan, 1983; Morrill, 1991;
Wong, 1993; Reardon and O’Sullivan, 2004). Thesemmnsiderable interpretative
difficulties and also suffer from the drawback ofigg no indication of any variation
around the average situation — hence we do nawvdthem here. More recently,
researchers have deployed techniques developenhwhthfields of spatial
econometrics, much facilitated by the rapid devedepts of Geographical
Information Systems to address the issue. Reardain @008), for example, have
used spatial information theory to introduce aatise-decay effect. Segregation is
measured at a variety of spatial scales as a vwegighthction of the ethnic
composition of areal units — with nearby units lgewveighted most heavily; if the
segregation measure is as large for wide areas\itle a relatively weak distance-



decay effect) as for more constrained areas, tiggests considerable clustering of
areas with similar ethnic composition, whereas i smaller, this suggests that there
are several distinct clusters — but it is suggesbinly.

Other explorations of ways to circumvent the cheotard problem involve the use
of local statistics measures of spatial autocaticmiadeveloped by Anselin (1995)
and by Getis and Ord (1992; Ord and Getis, 19961 p®Brown and Chung (2006;
see also Chung and Brown, 2007), for example, asatdiant of the method
deployed here to identify significant clusters afious ethnic minority groups within
one city; and Lloyd, Shutttleworth and McNair (20@#milarly deployed Anselin’s
related procedure in their work on religious segt®m in Northern Ireland. In this
paper, we follow their lead by expanding the usmeasures of global and local
spatial autocorrelation to analyze the changintepag of ethnic residential
segregation in Auckland, New Zealand using datanffour quinquennial censuses
over a fifteen-year period. Our alternative apphosiegggests much greater change in
the pattern of segregation there over that petiad tlo the traditional indices, as well
as providing much greater appreciation of the exdéspatial separation than the
traditional, aspatial indices afford.

Our concern in the procedures outlined here, thegefs to inject an explicit spatial
component to the analysis of segregation pattdims.drawbacks of the indices of
unevenness and isolation outlined here also aplydase of concentration, clustering
and centralization. With clustering, for examplajragle index gives no indication of
whether there is a single cluster for the ethnaugrin question, or whether there are
several, separate clusters. Measures such as tise@dG* coefficient address that
issue directly. But, as will be illustrated herthaugh they identify the significant
clusters, allowing identification of the degreeatbich a group’s members are
concentrated therein, they do not also addresisshie of the intensity of segregation
within those clusters. In this paper we introdueeeans of doing that, usirg* to
identify the parts of the city where ethnic groaps significantly clustered and then
examine the ethnic composition of their constituanall areas to identify the degree
to which the group members live in relatively exste neighbourhoods or share
residential space in a multi-ethnic context.

The purpose of this paper, therefore, is to ilatstthe benefits of an approach to the
analysis of ethnic residential segregation basetthemse of local statistics, using as
the exemplar a city with a rapidly changing ethooenposition. The traditional
indices of segregation and isolation are calcultdeddicate the limited amount of
information they provide about Auckland’s changetignic geography, compared to
that promoted here. The latter identifies the pafrtfie city where each ethnic group
is significantly concentrated at each census, aatheation of the composition of
those clusters indicates the degree to which resalespace is shared by
combinations of the four ethnic groups for whicliedare available. We are thus able
to address questions of where the groups are gignify clustered, what proportion
of each group lives within those clusters, how esiele the areas within the clusters
are, and to what extent the groups share residept@es within and outwith those
clusters — over time. This encapsulates much miciteeanature of residential
segregation than a single index number.



MULTI-ETHNIC AUCKLAND AND THE LIMITATIONS OF SINGLE-
NUMBER INDEXES

Auckland has emerged as a multi-ethnic city in nédecades, with rapid growth of
Pacific Islander and Asian populations joining ith@igenous Maori and the majority
group characterized in the country’s census questioself-assessed ethnicity as
having New Zealand European (predominantly UK aetiahd) backgroundsThe
totals shown in Table 1 are taken from a specialltion prepared by Statistics New
Zealand covering the 1991, 1996, 2001 and 2006usessusing a common set of
small areas (meshblocks, with average populati®84,098, 101 and 106 across the
four censuses, respectively; some of these comtaaeesident population at the
earlier censuses). The New Zealand European magmponent remained
relatively stable, growing by only 8 per cent otle 15-year period — although
because of changes in the ethnicity classificattatistics New Zealand recommends
that for comparative purposes members of the ‘Otteenponent should be added to
this group, giving 1991 and 2006 totals of 636,468 771,360 respectively, and 21
per cent growth over the period. The Maori popalagrew by slightly more than
that (29 per cent), the Pacific Islander compotbgritvice as much again (57 per
cent), and the small 1991 Asian population incrédse339 per cent over the fifteen
years.

These four groups are not evenly distributed thinciwg city’s residential fabric, as
earlier studies have demonstrated (Murphy et @0p2Ho and Bedford, 2006;
Johnston, Poulsen and Forrest, 20083ble 2 provides comparative data for the last
four censuses on the relative degree of spatiaragpn of the four groups, using two
of the commonly-deployed indices:
* The index of segregation (a measure of the unewsnofetwo distributions —
in this case comparing the group in question withremainder of the
population); and
* The index of isolation (a measure of exposurethigicase the probability
that one member of the group in question seledteahaom will meet another
member of that group selected at random from theesaeshblock).
Each is expressed as a proportion ranging betw@&ean@ 1.0; the higher the index,
the greater the degree of segregation/isolationaB®e the index of isolation is
sensitive to the group’s overall proportion of tiean population, it should be
modified to take this into account when making cangons over time. The resulting
modified indices of isolation (using formulae dey@d by Cutler, Glaeser and
Vigdor, 1999, and Noden, 2000), also vary betwe®ra@d 1.0; the higher the value,
the greater the group’s degree of spatial separatiative to its overall size.

All of these index values in Table 2 illustrate mid¢he problems of using such
measures in situations where spatial separatioatisnarked; all are intermediate
values between 0.0 and 1.0 which, although theyigearelative statements on the
degree of unevenness and isolation, give no indicatf the degree to which at least
some members of any group live apart from othersgsidential areas largely
exclusive to their group only.

The indices of segregation show that at all fouesi®acific Islanders were more
separated from the rest of the population than Wesether three groups, but there
was very little change over time for any group. Tridices of isolation, on the other



hand, indicate much greater spatial separationeoNew Zealand Europeans than
any of the other three: in 1996, for example, thveas a 0.80 probability that a
member of that group selected at random would haegher group member living in
the same meshblock, a value nearly twice as lagdkad for Pacific Islanders and
nearly four times as large as for Maori and Asi&er time, those indices suggest a
slight decline in the isolation of New Zealand Epgans (i.e. greater residential
mixing), little change for Maori, a slight increafee Pacific Islanders, and a
substantial increase for Asians. However, the Aslaare of Auckland’s population
tripled from 5.6 per cent in 1991 to 16.8 per déteen years later, and this will
influence the size of the index of isolation. (Watlhandom distribution of populations
across the meshblocks, there would be a 0.056 pildpaf two Asians meeting in
the same meshblock in 1991, but a 0.168 probali006.) The modified index
takes this into account.

The patterns shown by the modified indices in thalfblock of Table 2 are similar —
but more muted — to those in the second block. Kealand Europeans and Pacific
Islanders have been most separated spatially ugthevhereas the degree of
separation fell for the former group over the giteyear period, it increased for the
latter. The spatial separation of Asians grew sutigtlly as the group increased in
size, but there was no change in the situatioéfaori, who were by far the least
isolated spatially by the period’s end.

INTRODUCING SPATIAL CLUSTERING

As well as giving no indication of the amount ofiation in the residential situation
of members of each ethnic group — did all Asian&uckland in 2006 have the same
probability (0.34) of having another Asian as a idsck neighbour, for example? —
the indices take no account of the relative locatibmeshblocks with similar ethnic
composition. Are those where Asians form a larggprtion of the population
spatially clustered in the same part(s) of the, @tyare they randomly distributed
across the residential milieu?

Global measures of spatial autocorrelation havg lmeen available and deployed in
spatial econometrics; recent developments of Isizistics have enabled much more
geographical specificity in analyzing spatial patge We extend their use here,
looking first at the global pattern of segregatrathin Auckland and then at its local
variability.

THE GLOBAL PATTERN

One of the longest-established and widely-deplayedsures of spatial clustering
(autocorrelation) is Moran’s | (Moran, 1950), defthas:

=Y 3w, OOx —X) 00x,- X/ X(x - X100 S,

where
X; andx; are the percentages of the population of aread j eespectively in ethnic
group Xx;



X is the mean percentage of the population of adsane ethnic group X;

wi is the spatial proximity weight for areas i andggded 1 if they are adjacent and O
otherwise;

nis the number of areas into which the city is déd; and

S is the sum of all ywacross alh areas.

Thel coefficient is thus a measure of spatial autocati@h, of the degree to which
adjacent values of the variable in question ardlairfi.e. differ from the mean value
in the same direction and by a similar magnitudedgtive to the differences between
all pairs. An associatedscore can be calculated to give a measutts statistical
significance.

As an overall measure of spatial clustering, Mos&isummarizes the general pattern,
and its values can be compared both across ethmipg and across time. THe

scores for the coefficients in Table 3 show thast@ring was highly significant for
each of Auckland’s four ethnic groups at all foensuses analyzed here. Each was
much more clustered as a percentage of the meghbéguilations than would occur

if its members were randomly distributed through tinban residential mosaic.
Nevertheless, despite their statistical signifi@atiel values are relatively small

(they can be interpreted in the same way as ctiorlaoefficients) and do not
suggest intensive clustering of any of the fouug

The relative size of the coefficients indicated #ech of the four groups became
more spatially clustered over the four censusésoadh the increase was much
greater for Maori and, especially, Pacific Islangepulations than for the New
Zealand Europeans and Asians. (There were 40 apér3&nt increases in the value
of | for the Pacific Islanders and Maori respectivelympared to only 7 per cent for
Asians — despite their burgeoning absolute andivelgrowth over the period — and 9
per cent for New Zealand Europeans.) Pacific tdas and Maori were also much
more clustered at each census — and increasinglgress the four censuses — than
were members of the other two groups; in rela@rens, according to the
coefficients, clustering of Pacific Islanders wlaee times greater than that of New
Zealand Europeans by 2006.

Moran’s| suffers from the same problem already identif@ddther single-number
indices of segregation, however. It provides a gdreverview only. It does not
address the question of whether a highly clustgredp is concentrated into just one
or several parts of the city, for example, and sething about the ethnic
composition of the areas where a group is clusteri&d the indices of dissimilarity,
segregation, isolation and exposure it providaswale summary of the geography
but reveals nothing of its potential complexityr Boat, we turn to measures of local
clustering.

LOCAL STATISTICS

Moran’s| provides no information with which to identify thecation, size, number
and intensity of each group’s clusters. Is these qune, or are there several clusters in
different parts of the city, perhaps of varyingesand intensity. Several measures of
local clustering have been developed recently. Weley one -G* — developed by
Getis and Ord (1992; Ord and Getis, 1995, 2001jchwvas designed to identify



local ‘hot-spots’, areas of clustering significgndifferent from the average situation
across the mapped spaGe, as operationalized in the ArcGIS software packagd
which id distributed as &-coefficient, is defined as (Getis and Ord, 19%0)1

G?=[i vvij(x,-—%ivw]/[SI{ni w.f—(i W) H (n=1)]

where
X; is the percentage of the population of area jhimie groupx;

X is the mean percentage of the population of alisane ethnic group X;

wj is the spatial proximity weight for areas i andggded 1 if j is withird metres of i,
and O otherwise;

n is the number of areas into which the city is died;

Sis

JHY Xn]- X2

din this case is 1000 metres;
and

G: is the value (distributed &3 for area i.

For each of the separate areas — meshblocks inl#ngk we therefore get a value of
G* which indicates, for the ethnic group under coesation, the degree to which it
has a similar share of the area population as heiging areas, relative to the city-
wide average. IG* is large and positive, this indicates that neighibay areas to the
one being considered on average have relativele lpercentage shares of the ethnic
group within their population, whereasdf is negative, then areand its near-
neighbours have relatively low percentage shardisatfgroup (relative, that is, the
overall urban average). Becaustis distributed aZ, the determination of whether
its value is large or small can be made usingtiadhl statistical significance levels.
If G* is statistically insignificant for araathis means there is no clustering focused
on that area of adjacent meshblocks all havingerdlatively large or small
percentages of the relevant ethnic group livingahe

For the present analyses, we have taken a disteamuk(d) of 1000 meters, so that the
G* coefficient for each meshblock averages the péagenn the relevant ethnic
group across all meshblocks within that distaneepiding itself. It thus identifies the
degree to which all of the meshblocks within 100€ters of its centroid have
percentages of the ethnic group that are eitheifgigntly above or significantly

below the overall average. Clearly the choice sfatice band is very important; very
different radii might produce considerably differemitcomes — in degree if not in

kind (i.e. the same core clusters would be ideadifbut their extent would vary). We
selected 1000 metres because: (a) the minimurmdistaetween the centroids of
meshblocks is 16.06 metres; (b) the average istl@gtres; and (c) the maximum is
5723.3 metres. Thus on average a distance of 1@d@swshould encompass about
five other meshblocks in any direction (a reasom&stimate, also, of the maximum
walking distance that people will undertake withgighbourhoods). Clearly research
is needed to evaluate the robustness of findiniggwther distances and also whether
distance should be weighted — to emphasise cl@sghlnours (as in Reardon et al.,
2008). On the urban periphery, where there arenteighbours within the threshold



distance, the average is closer to that of thevziddal meshblock being considered.
As the distance band is widened, so the likelihofoain average significantly different
from that for the entire urban area is reduced.

Mapping theG* values indicates the groups of neighbouring mexdkislin which an
ethnic group is: (a) significantly more numerouarthf it were randomly distributed
across all meshblocks (witk* values greater than a given threshold: 2.58 ineléca
significant clustering at the 0.01 level, for exd@p(b) significantly less numerous
than if it were randomly distributed across all madscks G* values below -2.58 at
the 0.01 level, for example); and (c) neither digantly more nor significantly less
numerous than if it were randomly distributed asrals meshblocksG* values
between +2.58 and -2.58 at the 0.01 level, for g@mNot all of the meshblocks
within 1000 meters of the targeted block may hasaralar percentage of the
relevant ethnic group living there, but the clusigprocedure identifies proximal
meshblocks which overall have significant overunder-representation of the
relevant group; there could, therefore, be somerbgeneity within the identified
clusters. Similarly, within the parts of the cigcking any significant clustering there
may be meshblocks with high percentages from omeave of the groups but these
are relatively isolated, with few, if any, similartonstituted meshblocks nearby.

The distributions oG* values using the usual thresholds of significathe 0.05 and
0.01 levels for each ethnic group at each of the é@nsuses are shown in Table 4.
Thus, for example, of the 7950 populated meshblotkise 1991 census, 2928 had a
G* value greater than +2.58 for New Zealand Europeadgating that there was a
probability of less than 0.01 that it and its ndighring meshblocks within 1000
meters would have such large percentages living ttegative to the city-wide
average; a further 513 meshblocks had a probabiityween 0.05 and 0.01 that they
and their near-neighbours would have such largeepéages. Complementing that,
1514 meshblocks ha@* values smaller than -2.58, indicating a probabditless

than 0.01 that on average they and neighbourindpiohesks had percentages of New
Zealand Europeans much smaller than the metropaiarage; a further 269 had at
least a 0.05 probability of such below-averagetehirsg. Finally, 2726 of the
meshblocks (just over one-third of the total) hedistically-insignificantG* values
(i.e. less than a 0.05 probability), indicatingadosence of local clustering of
meshblocks with New Zealand European percentagfesr eignificantly above or
significantly below the average.

One general feature of the patterns applying téoal ethnic groups in Table 4 is that
each experienced an increase in the number of Hoesishin the -0.01 row —i.e. in
the number of meshblocks where there was signfficastering of areas from which
the group was relatively absent. This suggest®waigg polarization of the city, an
increase in the extent of the clusters where eamtpgs significantly small in number
relative to its citywide proportion. A growing progion of the city’s residential areas
was characterized by a relative absence of oneoog of the four ethnic groups.
Complementing this, there are different other teefadl the various groups. For New
Zealand Europeans, there was a decline in the nuofilmeeshblocks in clusters
where the group was over-represented, whereassiané there was a substantial
increase in that category — balanced (given alsaétrease in the number with
significant under-representation) by a substadgaline in the number of meshblocks
where there was neither significant under- nor @epresentation in neighbouring



meshblocks. For Auckland’s Asian population, asrthember grew over the fifteen
years the city became increasingly divided int@amghere they were either
significantly under- or over-represented.

The information on the distribution of meshblocks@ding to the identified clusters
is supplemented in Table 5 by data on the distiobudf members of each ethnic
group according to the typology @fscores. Much of this shows considerable
stability across the fifteen-year period; Pacifitahders, for example, had by far the
largest share of their population (c.65.5 per chwit)g in clusters where their share
of the population was much greater than expectsdyation that hardly changed
across the four censuses. For Asians, howeveke thas a substantial increase in the
share living in such areas, as their total popofatiurgeoned, and a compensatory
decline in the share living in the ‘insignificamttegory where the meshblocks’
populations were ethnically most mixed. For Newlded Europeans, an increasing
share lived in the larger number of areas wherg Were significantly under-
represented: they formed a small minority onlyref population in an increasing
proportion of the city. The changes for the Maoerarelatively similar to those for
the New Zealand Europeans, although the former were segregated overall, with
over half of them living in clusters where the grauas significantly over-represented
in 2006 compared to 38 per cent for the latter.

Maps of the distribution of th&* values for each ethnic group at each of the four
censuses are in Figures 1-4. For the New ZealanopEans they show a geography
characterized by two major features, consistertt thié overall patters identified in
Tables 4 and 5. The 1991 map (Figure 1) shows neajocentrations where this
group is significantly more numerous than expe¢sedas withc* values greater

than +2.58) on most of the North Shore immediateisth of the harbour and in four
major segments of the metropolitan area’s cergtamus. Much of south Auckland
comprised a block of territory from which New ZeaadaEuropeans were relatively
absent G* values greater than -2.58) and most of the melitapdringe comprised
areas where they were neither significantly over-under-represented. This
geography had changed very little in 1996 and 24d1by 2006 two major shifts
were apparent. On the North Shore, the area of Realand European predominance
was much reduced in size (replaced largely by am@se they were neither under-
nor over-represented), whereas in southern Auclkdatdin the southwestern segment
of the central isthmus the areas where New Zedtamdpeans were relatively absent
had extended substantially from the 1991 core.

Whereas the maps for New Zealand Europeans chaogsterably over the 15-year
period, those for Maori did not (Figure 2). The 13sttern of major concentrations
in southern Auckland, complemented by their absémee much of the North Shore,
the central isthmus and the eastern suburbs, hatheld only slightly by 2006,
mainly through extensions to the areas of conceotrand absence; an established
residential geography was largely unaltered. Tieesaccurred with the Pacific
Islanders (Figure 3); the areas of under- and os@resentation in 2006 were — with
some slight expansion — the same as those of T8¥jite substantial growth of the
Pacific Islander population, their residential ewvels remained consistent in their
location and extent. This was not the case withAtsian ethnic group, however. In
1991, the relatively small population was signifittg clustered through much of the
central isthmus and the eastern suburbs (Figuneith) few areas where they were



significantly under-represented: apart from thasecentrations, Asians were
relatively evenly distributed through much of thetropolitan area then. By 1996
there was a substantial (dominantly Kordamuster on the North Shore and the
eastern suburbs cluster had expanded considefididy pattern intensified over the
next decade, so that by 2006 there were three rolisters of meshblocks where
Asians were over-represented, along with a grgmiggortion of the metropolitan
area where they were significantly under-represente

The maps suggest considerable stability in theelung) pattern: once an ethnic group
became over-represented in an area, it tendedrtaimerelatively numerous there.
This is confirmed by Table 6, in which cluster mearghip in 1991 is cross-classified
with that for 2006 for all meshblocks; a threefgtgology is used with the 0.01
significanceG* values of -2.58 and +2.58 as the thresholds (regahat relatively

few meshblocks ha@* values significant at the 0.05 level but not tt@10Table 4).
For both the Maori and the Pacific Islanders tlwasion is very stable. Each had 83
per cent of the meshblocks in the same clusterbegory at the two dates and few of
the meshblocks where they were significantly unégresented in 1991 were not in
the same category fifteen years later. With thafiedslanders much more than the
Maori, however, there was substantial movement éetvihe over-represented and
insignificant categories, in both directions, sugjgeg some shifts on the cluster
margins.

Changes were much greater for the other two grdemsAsians, there were
substantial shifts between most pairs in the caiegtion, the only exception being
that very few meshblocks moved from the over-regmmeedd to the under-represented
clusters. As the Asian population grew from its Brmaginal size, therefore, there
was considerable fluidity in the ethnic compositajrthe areas where they settled.
Some meshblocks became parts of clusters wheregf\siare over-represented, but
others originally in such clusters became detadteed them. And as the population
grew, so some meshblocks in areas where initiny ivere neither under- nor over-
represented became less popular for Asians andre@ltecated to the under-
representation clusters whereas others becamepuopuar and shifted into the over-
representation clusters (as indicated by the demnain the Asian block of Table 6).

Finally, only just under two-thirds of the meshikscetained the same classification
for the New Zealand Europeans. By far the largei$t was away from the clusters
where they were significantly over-representeddf1l, with more than one-third of
those meshblocks being in the ‘insignificant’ catggfifteen years later. This
suggests considerable de-segregation, as some olusters of adjacent meshblocks
where New Zealand Europeans predominated in 1994 substantially reduced in
their extent, indicating greater ethnic mixing #hewer time. At the other extreme,
approximately one-quarter of all meshblocks wheeg/NMealand Europeans were
under-represented in 1991 were in the ‘insignificaategory with more mixed
populations in 2006; a similar percentage of thehbicks moved in the opposite
direction.

SHARED RESIDENTIAL SPACES
One clear feature of the maps in Figures 1-4 igldgree of overlap of the major

clusters, notably of the areas where Maori andfiedslanders are significantly over-
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represented. Comparison of Figures 2 and 3, fameileg shows that in 2006 a large
swathe of the southern suburbs contained significa@r-representation of both
groups. The maps were not identical, however: thex®a much larger concentration
of Maori than of Pacific Islanders in the westeubwwrbs and in the far south, for
example, and there were parts of the southernalastnmus with significant
concentrations of Pacific Islanders but not Maori.

The extent of this overlap is captured in Table/ffich cross-classifies the three-way
categorization of meshblocks for each pair of etlynoups in 2006. The three
comparisons on the top row show a major contraser large percentage (83) of
the meshblocks where Pacific Islanders are sigmifly over-represented have
significant under-representation of New Zealandopaans whereas fully three-
guarters of the meshblocks where Pacific Islande¥ver-represented also have
Maori over-representation and virtually none hagaificant Maori under-
representation. Thus in much of Auckland the aoéddaori and Pacific Islander
concentration overlap, with New Zealand Europeatetively absent from those
areas’ The Asian geography is less exclusive, howevadittld under one-third of the
meshblocks where Pacific Islanders are over-reptedealso have Asian over-
representation, for example, whereas a third e¢hwith Asian over-representation
have Pacific Islander under-representation. Asiasters are slightly more distinct
from those of both Maori and New Zealand Europebuosthere is still considerable
mixing.

The degree of overlap is summarized in Table 8clwehows the percentage of
meshblocks which had a significant over-represemtdG* value of +2.58 or greater)
for each combination of the four ethnic groups. Blafprisingly, none had all four
significantly over-represented, but a small peragathad three of the four so
classified — the great majority of them having aamtcations of Pacific Islanders,
Maori and Asians. By far the largest overlap, hogvreand increasing in size over the
four censuses, was of concentrations of Pacifentitrs and Maori; by 2006 over 13
per cent of all meshblocks were in clusters wheté bf those groups were over-
represented. The sharing of space between clust@acific Islanders and Asians
declined over time, as did that between clusteident Zealand Europeans and
Asians. This is shown for 2006 in Table 9, whichegi the percentage of each ethnic
group living in the various shared-space categohtzsy more Pacific Islanders
(nearly two-thirds) lived in clusters of meshbloaidsere two or more groups were
significantly over-represented, than was the casietive other three groups: New
Zealand Europeans were the least likely to bediwnclusters of meshblocks where
they and at least one other ethnic group were mmesented.

THE INTERNAL STRUCTURE OF THE CLUSTERS

Using theG* methodology we have identified the major clusteithin Auckland
occupied by the different ethnic groups and chatted changing geographies over a
fifteen-year period of substantial change in thg'€imulti-ethnic composition. But
how ethnically homogeneous are the clusters? &astuse the relevant groups are
much larger there than elsewhere in the city —-easgmtages of the total population —
this does not imply that they dominate the locadylations. To address the
homogeneity issue, therefore, we look at pattermiitigin the clusters, using each
group’s percentage share of every meshblock’s poipul.
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Figure 5 does this for 2006, indicating very coesidble differences across the four
groups. The extreme case is clearly the New Zediamdpean situation. The
majority of the meshblocks in each of the clustengre they are significantly over-
represented have populations where New ZealandoBans form at least 60 per cent
of the total and in several — such as the soutlenestuster — almost all of the
meshblocks contain at least 80 per cent of thgufations drawn from this group.

By contrast, the situation for Asians indicatesyyauch lower levels of spatial
separation across nearly all of the clusters wttexg are significantly over-
represented. On both the North Shore and in themasuburbs, for example, there
are virtually no meshblocks where Asians formedeartban one-fifth of the total
population in 2006: they were relatively clusteneith those areas but nevertheless
formed only a minority of the local population. Ev@ the areas where they were
more numerous — in parts of the major cluster enabntral isthmus, for example, and
on the western edge of the south Auckland clusténgre were relatively few where
they formed more than 40 per cent of any meshhtioizi.

There is also a substantial contrast between tbéPlynesian groups. The pattern
for the Maori, for example, is quite similar to tiiar Asians, with few meshblocks —
and certainly almost none outside the cluster énféin south — where they form more
than 40 per cent of the population. Whereas Maerr@latively clustered into certain
parts of the metropolitan area but form a minooityhe population in most of the
residential areas there, Pacific Islanders, orother hand, are much more likely to be
in a majority in substantial parts of the areasnalibey are clustered, notably in the
wide swathe of meshblocks immediately south ofisttemus, in most of which

Maori form a significant minority.

The detail in Figure 5 and similar maps for thdieacensuses is summarized in
Table 10 in which, for each ethnic group, the méstits are placed into the same
three categories as in Table 6: — where the gesmnificantly under-represented at
the 0.01 level; +, where it is significantly ovepresented at that level; and I, where it
is neither under- nor over-represented. These $bomwery different patterns of
intra-cluster homogeneity-heterogeneity. For examgble first block in the first row
shows that where New Zealand Europeans were signify over-represented in
1991 (the column headed ‘+’), in 86 per cent okthmeshblocks they comprised at
least 80 per cent of the block population, whemeasfurther 11 per cent they
comprised 60-79 per cent. In those where they weder-represented, on the other
hand (the column headed ‘—’) only 14 per cent efrtieshblock populations were 80
per cent or more from that ethnic group, where&s3iper cent less than 20 per cent
of the population claimed New Zealand Europeanieitiyn

Among the four groups, the pattern for the Maodwh in Table 10 is in many ways
the simplest. They comprised less than 20 perdahegopulation in the great
majority of meshblocks at each census; they ford@egder cent or more of the total in
only 9 per cent of the 7950 in 1991, for exampie between 20-39 per cent in a
further 39 per cent. Even in the areas where theriMizere clustered at each date,
therefore, they formed less than 20 per cent ofthshblock population in
approximately half of the cases, and in only almmé-tenth of all meshblocks at each
census did they comprise more than 40 per cetieofatal — with their percentage
never exceeding 79 and being greater than 59 infeer. Thus even where they were
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clustered, in most of those territorial blocks Mdormed less than half of the
population: they were concentrated into certairigpairthe city, but not highly
segregated there — a situation that was consigtentghout the period.

Pacific Islanders were more segregated from therathnic groups within their
territorial clusters — a situation that was enhdreeross the four censuses. In 1991,
they formed less than one-fifth of the populationthe clusters where they were
over-represented in 39 per cent of all such meskb|a figure which fell to only 26
per cent by 2006. As the Pacific Islander poputatiwreased, it became spatially
more separated into relatively exclusive residéatieas, increasingly dominating the
clusters which, as Table 4 shows, did not expagd2@®6, Pacific Islanders formed
60 per cent or more of the population in fully anearter of all the meshblocks in the
clusters where they were over-represented thenfi®lstander segregation within
their significant clusters was much greater tha ¢ the Maori.

A similar pattern applied to the burgeoning Asiapplation; whereas Asians formed
less than one-fifth of the population in 89 pertagfithe meshblocks within their
clusters in 1991, fifteen years later this wasdhge in only 25 per cent. On the other
hand, by 2006 there were fewer meshblocks withenAbkian clusters where they
formed 40 per cent or more of the population in@(L per cent of those
meshblocks) compared with the situation for Paddianders (47 per cent of all
meshblocks in their clusters). Asians have become mustered, but do not
dominate local populations within those clusterthedsame extent as the Pacific
Islanders.

Finally, Table 10 shows that the New Zealand Euaopavere Auckland’s most
segregated ethnic group, even though many of thesd in relatively mixed
residential areas. Thus many — though a substhntemluced percentage in 2006
compared to 1991 — of the meshblocks in the clssttiere New Zealand Europeans
are significantly under-represented still had 60g@at or more of their populations
drawn from that ethnic group: significant underresentation did not mean absence
from many parts of the city, although in approxietgione-third of all meshblocks
there they formed less than 20 per cent of thé pajaulation. At the other extreme,
New Zealand Europeans predominated in the meshbiadkeir positive clusters,
where they were over-represented, to a much greatent than is the case with the
other three ethnic groups. Nevertheless, this pnéance is declining.

CONCLUSIONS

This paper has substantially extended recent stiggeghat measures of spatial
autocorrelation be adopted for the study of ethesidential segregation in urban
areas. Indices of both global — Morah's and local — Getis and Ord®* —
autocorrelation have been deployed in a study akkaund’s residential mosaic,
alongside traditional — aspatial — single-numbédrdes of segregation and isolation.
Introducing those spatial measures has allowed asaluate not only where different
ethnic groups are clustered but also how intersedhstering is — aspects of
segregation that cannot be addressed using thie-singber indices.

The measures of local spatial autocorrelation miqadar have identified and
illustrated aspects of residential segregatiomat increasingly multi-ethnic city
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which the traditional measures did not reveal. &, we have mapped those parts
of the urban area in which each group was bothfgigntly under- and over-
represented, relative to the urban area averageglaas those where there was no
significant difference from a random allocationetfinic groups. Having identified
those clusters, we could then evaluate what sHare@roups’ population they
contained, as an overall indicator of concentraitmba clearly-defined clusters,
substantially extending other work on that isswi$ton, Poulsen and Forrest,
2008). We have also identified changes in thoseepe, areas where two or more
groups overlapped in significant concentrationsl mrapped the degree of
concentration within each cluster.

Results show that although each of the city’s fthnic groups was significantly
clustered in certain areas and under-representetthans, New Zealand Europeans
were the most likely to live in clusters of neighiblmoods within their major clusters
where they formed 80 per cent or more of the lpocglulation, whereas Asians were
least likely to live in districts where they formetbre than 20 per cent of the local
population, even in those parts of the city whaeytwere significantly clustered. The
two Polynesian groups lay between those extrenmesalso overlapped much more:
areas where one was over-represented also tentbedair@as where the other was
also. But in general Pacific Islanders were muchentigely, within those clusters, to
live in neighbourhoods where their co-ethnics preshated than was the case with
Maori.

The outcome suggests considerable potential fowitier application of local spatial
autocorrelation statistics in studies of residémsgregation, extending very
substantially the amount of information that cargleaned from census data about
segregation patterns. They address the checkerlssarel by focusing on the
geography of residential clustering, and thus afiiech greater insights than the,
aspatial, single-number indices traditionally useduch studies. Further work is
needed exploring the method’s robustness, in a ruwitareas. Clearly the choice of
a 1000-metre distance band in the calculation oiMl*have an impact on the extent
of the clusters. Different distances will undoullygatoduce different cluster
configurations: longer distances will almost cerhaigenerate larger clusters, shorter
distances smaller, more fragmented cluster patt®vesghting distances — as in the
Geographical Weighted Regression technique — \tigogreater emphasis on nearby
areas, and again probably result in a more fragederitistering pattern. Similarly
selection of the critical thresholds — the sigmifice levels determining membership
of a cluster — can have a substantial impact:atgel the threshold the fewer areas
that will be included within the clusters. And teere undoubtedly edge effects —
areas on or near to the city’s boundaries will hi@weer other areas within the
specified distance band than those more centi@igtéd within the urban fabric; one
way to tackle these might be to use the ‘bespolghbeurhood’ approach to the
study of contextual affects (e.g. McAllister et @001), expanding the group of areas
beyond that for whicls* is being measured until they reach a populatiosstiold
(e.g. the minimum number of areas needed to obtamwpulation of, say, 5000).

There can be no strict rules governing these chetamuch will depend on the size of
the areas used (the meshblocks in the current deqaapd particular situations may

call for specific choices. The scale effect couddblniilt into the study — as in Reardon
et al. (2009) — with the degree of clustering draihtensity of segregation within the
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clusters being measured at a number of scalesfdstoands of 500, 100, 1500 and
2000 metres, for example), which could be partitykaaluable for comparative
studies. The potential is substantial. This paperiliustrated that, showing for one
increasingly multi-ethnic city how a combinationrogasures of local as against
global clustering can be used to identify areasrevigeoups are relatively over- and
under-concentrated plus absolute indicators oétheic composition of areas within
those clusters identifies a range of featurestufietsegregation there that traditional
approaches cannot discern. Analysing complex gebgra requires techniques suited
to the purpose.

Notes

! Ethnicity is recorded in the New Zealand censusisg a self-identification
guestion. A small proportion of respondents haweuke opportunity of recording
joint ethnicity.

2 Johnston, Poulsen and Forrest's (2008) paperatitiave available data for a
common set of meshblocks, hence the slight diflesmetween the indices reported
there and here.

% Data subdividing the Asian population is not aafalié at the meshblock scale, but is
at the lager census areal unit scale, which endfiteslistinction to be identified (see
Johnston, Poulsen and Forrest, 2008).

* This sharing of residential space by the two Pegjan ethnic groups undoubtedly
reflects the allocation policies for state (i.ebjic) housing (Johnston, Poulsen and
Forrest, 2008).
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CAPTIONS

Figure 1. The clusters within Auckland where Nevalded Europeans were
significantly over- (G* =+2.58<) and under- (G*=.58<) at the four census dates.

Figure 2. The clusters within Auckland where Mamgeire significantly over- (G*
=+2.58<) and under- (G*= -2.58<) at the four centates.

Figure 3. The clusters within Auckland where Paddianders were significantly
over- (G* =+2.58<) and under- (G*= —2.58<) at tbeif census dates.

Figure 4. The clusters within Auckland where Asiamse significantly over- (G*
=+2.58<) and under- (G*= —-2.58<) at the four centates.

Figure 5. The proportion of the meshblock populatar each group within the
clusters where it was significantly over-represdnte2006.
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Table 1.The Ethnic Composition of Auckland’s PopulatiomQ1-2006

1991 1996 2001 2006
NZ European 636,000 666,825 663,615 686,346
Maori 93,939 114,117 114,429 121,185
Pacific Islander 109,182 128,055 150,096 170,529
Asian 49,773 98,175 144,621 218,796
MELAA 2,682 7,119 12,720 17,274
Other 102 153 237 85,014
TOTAL 891678 1,014,444 1,085,718 1,299,144
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Table 2.Indices of Segregation and Isolation for Aucklangtenic Groups: 1991-
2006

1991 1996 2001 2006
Indices of segregation
NZ European 48 41 42 45
Maori 44 .38 .39 .39
Pacific Islander .59 57 .58 .58
Asian 43 .38 .39 41
Indices of isolation
NZ European .83 .80 .76 74
Maori .23 .23 22 21
Pacific Islander .38 41 43 44
Asian 13 .20 .26 34
Modified Indices of isolation
NZ European 41 42 .38 .36
Maori 14 13 13 13
Pacific Islander .29 .32 34 .36
Asian .08 A1 .15 21
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Table 3. Moran’s | for the Distributions of Auckland’s Fotthnic Groups,
1991-2006

1991 1996 2001 2006

NZ European 0.047 0.046 0.049 0.051
(172.1) (166.0) (179.3) (184.9)
Maori 0.092 0.097 0.113 0.121
(332.3) (350.0) (407.4) (436.8)
Pacific Islanders 0.108 0.119 0.138 0.151
(391.2) (428.6) (498.4) (543.6)
Asians 0.054 0.055 0.057 0.058

(1954) (199.10  (208.1) (210.1)
Note Z-scores are in parentheses
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Table 4.Distribution of Auckland’s Meshblocks Accordingle Statistical
Significance of their G* Values for each Ethnic oGp: 1991-2006

1991 1996 2001 2006

NZ European

-0.01 1514 1588 1910 2312
-0.05 269 273 334 307

Insignificant 2726 2808 2723 2764
+0.05 513 599 634 493

+0.01 2928 2805 2639 2540
Maori

-0.01 2281 2379 2792 2985
-0.05 593 579 562 634

Insignificant 2898 2889 2580 2560
+0.05 203 199 177 165

+0.01 1981 2036 2132 2075
Pacific Islanders

-0.01 2653 2750 3064 3223
-0.05 598 534 566 618

Insignificant 2608 2753 2497 2475
+0.05 214 205 250 209

+0.01 1883 1838 1863 1889
Asian

-0.01 1041 1540 1984 2507
-0.05 749 635 688 599

Insignificant 3776 3319 2830 2436
+0.05 317 297 263 264

+0.01 2069 2291 2474 2611

Note the rows headed -0.01, -0.05, +0.05 and +0.0tvsheshblocks with G*
values significant at those probability levels eftbr; the rows headed insignificant
shows meshblocks with G* values statistically ingigant at the 0.05 level.
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Table 5.Distributions of each Auckland Ethnic Group (Peragres of the Group
Totals) According to the Classification of Meshli@zusters, 1991-2006

1991 1996 2001 2006
NZ European
-0.01 9.9 10.9 13.1 15.7
-0.05 2.7 2.7 3.8 3.3
Insignificant 34.1 35.2 34.4 35.0
+0.05 7.6 8.9 9.3 7.5
+0.01 45.7 42.3 39.4 38.5
Maori
-0.01 8.7 11.0 12.5 13.8
-0.05 3.3 3.7 3.6 4.3
Insignificant 27.2 29.1 26.2 26.0
+0.05 3.7 3.1 2.8 2.8
+0.01 57.1 53.1 55.0 53.0
Pacific Islanders
-0.01 4.4 5.4 5.9 6.2
-0.05 2.2 1.9 2.0 2.6
Insignificant 23.4 25.1 21.9 22.0
+0.05 3.6 3.4 4.4 3.6
+0.01 66.3 64.2 65.9 65.7
Asian
-0.01 3.7 6.4 8.2 10.2
-0.05 4.1 3.8 4.5 3.9
Insignificant 38.7 32.6 27.5 24.1
+0.05 4.8 4.7 4.1 4.0
+0.01 48.7 52.5 55.7 57.7

Note the rows headed -0.01, -0.05, +0.05 and +0.0tvsheshblocks with G*
values significant at those probability levels eftbr; the rows headed insignificant
shows meshblocks with G* values statistically ingigant at the 0.05 level.
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Table 6.The Changing Pattern of Residential ClusteringAackland’s Four Ethnic

Groups, 1991-2006 (Percentages of Meshblocks Acuptd their 1991
Classification)

2006 - 1 + - |+ - 1 + - 1+
1991

NZ European  Maori Pacific Islander Asian
- 73 24 3 90 10 O 94 6 O 62 23 15
I 25 60 15 18 75 7 13 76 11 33 49 18
+ 2 35 63 0 12 88 2 21 77 2 29 69
Overall 64 83 83 56
Note — clusters with G* values of -2.58<; | — clusternisere G* lies in the range -
2.58: +2.58; + clusters with G* values of +2.58<.
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Table 7.0verlaps in the Classifications of MeshblocksAackland’s Four Ethnic
Groups in 2006

NZ European Maori Asian
Pacific Is - I + - I + - I +
- 13 42 45 80 19 1 34 33 33
I 18 57 25 13 68 19 27 46 27

+ 83 16 1 1 25 74 33 39 28
NZ European Asian Asian
Maori - I + - I + NZE - I +
- 20 39 41 28 34 38 30 32 38
I 20 53 27 28 42 30 18 46 36
+ 63 29 8 42 43 15 53 35 12

Note — clusters with G* values of -2.58<; | — clusternisere G* lies in the range -
2.58: +2.58; + clusters with G* values of +2.58<.
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Table 8.The Distribution of Auckland’s Meshblocks (Peregyet of Total) according
to the Combination of Ethnic Groups which are Sigantly Over-Represented there

1991 1996 2001 2006

None 69.8 69.0 713 731
All Four 0 0 0 0
Pacific Islander, Maori, Asian 4.8 3.7 4.1 3.5
Pacific Islander, Maori, New Zealand European 0 0 0.2
Pacific Islander, Asian, New Zealand European 0.1 00 0
Pacific Islander, Maori 9.7 110 124 133
Pacific Islander, Asian 5.0 3.4 2.8 3.1
Pacific Islander, New Zealand European 0.2 0.6 0.1.2
Maori, Asian, New Zealand European 0.1 0.1 0 0
Maori, Asian 0.7 0.7 0.7 0.4
Maori, New Zealand European 1.4 2.1 1.7 1.9
Asian, New Zealand European 8.3 9.3 6.3 3.6
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Table 9.The Sharing of Residential Space in Auckland B62€he Percentage
Distribution of Each Ethnic Group According to tBembination of Ethnic Groups
Significantly Over-Concentrated in each Meshblock

NZE Maori Pl Asian

None 819 554 357 734
All Four 0 0 0 0
Pacific Islander, Maori, Asian 1.9 5.4 7.4 5.7
Pacific Islander, Maori, New Zealand European 0 010 O
Pacific Islander, Asian, New Zealand European 0 0 00
Pacific Islander, Maori 6.4 30.2 46.8 7.8
Pacific Islander, Asian 1.8 2.9 5.9 5.7
Pacific Islander, New Zealand European 1.1 1.2 1.0.8
Maori, Asian, New Zealand European 0 0 0 0
Maori, Asian 0.4 0.5 0.4 0.8
Maori, New Zealand European 2.2 2.8 1.3 0.9
Asian, New Zealand European 4.3 1.4 0.6 4.9
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Table 10.Percentage Distribution of Meshblocks by Perceatafjeach Ethnic Group
Living there according to the Classification of Mbkcks: Auckland 2001-2006

NZ European 1991 1996 2001 2006

- 1+ - 1+ - 1+ - 1+
0-19 33 5 2 29 5 1 30 3 1 32 5 2
20-39 19 4 O 24 4 O 29 4 O 32 7 1
40-59 20 14 1 20 15 2 22 15 4 25 25 3
60-79 14 30 11 14 34 19 13 29 25 8 35 25
80+ 14 47 86 13 43 78 6 26 70 3 28 69
Maori 1991 1996 2001 2006

- 1+ - 1+ - 1+ - 1+
0-19 99 93 51 99 91 46 99 92 50 99 93 51
20-39 1 6 39 1 8 43 1 7 40 1 7 40
40-59 0O 1 8 0O 0 10 O 1 9 O 0 8
60-79 O 0 1 0O 0 1 O 0 1 O 0 1
80+ 0O 0 O O 0 O 0O 0 O 0O 0 O
Pacific Islander 1991 1996 2001 2006

- 1+ - 1+ - 1+ - 1+
0-19 100 90 39 99 88 35 99 86 28 99 85 26
20-39 0O 8 29 1 9 28 1 12 27 1 13 27
40-59 0 1 21 0O 2 19 0 2 21 0 2 22
60-79 O 1 9 0O 1 15 O 0 17 0O 0 17
0+ 0O 0 1 O 0 3 O 0 7 0O 0 8
Asian 1991 1996 2001 2006

- 1+ - 1+ - 1+ - 1+
0-19 99 98 89 99 94 64 98 86 45 96 73 25
20-39 1 2 10 1 6 30 2 12 43 4 22 44
40-59 0O 0 1 0O 0 4 0O 1 11 0O 3 24
60-79 0O 0 O O 0 1 O 1 1 0O 1 6
80+ 0O 0 O 0O 0 1 0O 0 O 0O 0 1

Note — clusters with G* values of -2.58<; | — clusternisere G* lies in the range -
2.58: +2.58; + clusters with G* values of +2.58<.
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Figure 1.The clusters within Auckland where New Zealand Europeans were significantly

over- (G¥=+2.58<) and under- (G*¥=-2.58<) at the four census dates.
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Figure 2.The clusters within Auckland where Maori were significantly over- (G* =+2.58<)
and under- (G*=-2.58<) at the four census dates.
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Figure 3.The clusters within Auckland where Pacific Islanders were significantly over-

(G* =+2.58<) and under- (G*=-2.58<) at the four census dates.
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Figure 4. The clusters within Auckland where Asians were significantly over-
(G* =+2.58<) and under- (G*=-2.58<) at the four census dates.
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Figure 5. The proportion of the meshblock population for each group within

the clusters where it was significantly over-represented in 2006





