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Abstract

For the past 20 years, the New Zealand Deprivation Index (NZDep) has been the universal
measure of area-based social circumstances for New Zealand (NZ) and often the key social
determinant used in population health and social research. This paper presents the first the-
oretical and methodological shift in the measurement of area deprivation in New Zealand
since the 1990s and describes the development of the New Zealand Index of Multiple Depri-
vation (IMD).

We briefly describe the development of Data Zones, an intermediary geographical scale,
before outlining the development of the New Zealand Index of Multiple Deprivation (IMD),
which uses routine datasets and methods comparable to current international deprivation
indices. We identified 28 indicators of deprivation from national health, social development,
taxation, education, police databases, geospatial data providers and the 2013 Census, all of
which represented seven Domains of deprivation: Employment; Income; Crime; Housing;
Health; Education; and Geographical Access. The IMD is the combination of these seven
Domains. The Domains may be used individually or in combination, to explore the geogra-
phy of deprivation and its association with a given health or social outcome.

Geographic variations in the distribution of the IMD and its Domains were found among
the District Health Boards in NZ, suggesting that factors underpinning overall deprivation
are inconsistent across the country. With the exception of the Access Domain, the IMD and

Data Availability Statement: All research outputs
related to this publication including the Data Zone
concordance tables and the Data Zone-level ranks
of The Index of Multiple Deprivation (IMD) and its
Domains are freely available for download from
https:/figshare.com/articles/Data_Zones_for_
New_Zealand/5207884 and https://figshare.com/
articles/The_Index_of_Multiple_Deprivation_IMD_/
5207887 respectively, or from the IMD project’s
website http://www.fmhs.auckland.ac.nz/imd. 2013
Census Meshblock files used as the building blocks
to develop Data Zones can be obtained from http://

its Domains were statistically and moderately-to-strongly associated with both smoking
rates and household poverty.

The IMD provides a more nuanced view of area deprivation circumstances in Aotearoa
NZ. Our vision is for the IMD and the Data Zones to be widely used to inform research, policy
and resource allocation projects, providing a better measurement of area deprivation in NZ,
improved outcomes for Maori, and a more consistent approach to reporting and monitoring
the social climate of NZ.
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www.statistics.govt.nz/browse_for_stats/Maps_
and_geography/Geographic-areas/digital-
boundary-files.aspx#censusbased. Access to the
raw data used to develop the indicators used in the
development of the IMD are available from the
Integrated Data Infrastructure (IDI), which is
maintained by Statistics New Zealand, subject to
ethical approval, for researchers who meet the
criteria for access to confidential data. Information
regarding access to the IDI is available from http:/
www.stats.govt.nz/browse_for_stats/snapshots-
of-nz/integrated-data-infrastructure.aspx or by
contacting access2microdata@stats.govt.
nz<mailto:access2microdata@stats.govt.nz>.
Some data used in the Access Domain of the IMD
were obtained from http://koordinates.com/layer/
152-nz-petrol-stations/ and https://koordinates.
com/layer/189-nz-supermarkets/. Further
information about data availability can be obtained
from the senior author, Dr Daniel Exeter (d.
exeter@auckland.ac.nz<mailto:d.exeter@auckland.
ac.nz>) and from http://www.fmhs.auckland.ac.nz/
imd.
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Introduction

There is an unequivocal graded association between area-based deprivation, health and social
outcomes in New Zealand [1-4] and elsewhere.[5-10] The accurate measurement of area-
based socioeconomic deprivation is vital for planning and for ensuring that resource allocation
formulae are equitable and target areas with the highest levels of need. Indeed, area-based mea-
sures of deprivation have been integral in research, planning and advocacy initiatives for
almost 50 years. For example, in the United Kingdom (UK) research into social and material
deprivation emerged following the release of 1971 Census data for small areas. [11], [12]

During the 1980s Townsend made the theoretical distinction between ‘poverty” and ‘depri-
vation’ using data from the 1981 UK Census.[13] Townsend defined deprivation as “a state of
observable and demonstrable disadvantage relative to the local community or the wider society
or nation to which an individual, family or group belongs”. [13] Moreover, he argued that
deprivation comprises material and social aspects, in which material deprivation referred to
the goods, services, resources, amenities, physical and living environments, while social depri-
vation comprised the roles, relationships, functions, customs, rights and responsibilities of
membership of society and its subgroups.[13] Within this context, individuals can therefore
experience multiple forms of deprivation and they may have a cumulative effect. Townsend’s
definition established the foundations upon which subsequent research into area deprivation
(globally) have been based.

Townsend developed an index that used four Census-derived indicators of deprivation
(unemployment, household overcrowding, non-home ownership and non-car ownership).
Each indicator was selected for its theoretical ability to measure aspects of social or material
deprivation, but were also predicated on the availability of 1981 Census data. Similarly, Car-
stairs and Morris [6] developed an index for Scotland’s Postcode Sectors, which were similar
in scale to Census Wards in England and Wales. Their index also comprised four variables
derived from the 1981 UK Census (proportions of male unemployment, lack of car ownership,
low social class, and household overcrowding). Both indices were used extensively to better
understand health inequalities in the UK. The Townsend Index was used to demonstrate that
the widening inequalities in the UK during the 1970s and 1980s were real and worse than esti-
mated by the Black Report. [14]

The UK government developed its own Index of Local Conditions (1991) and the Index of
Local Deprivation (ILD) in 1998, which were produced at three spatial scales based on 1991
Census boundaries: Enumeration District (ED, approximately 101,000; 420 people on aver-
age); Census Ward (approximately 8,620; 5,000 people); and Local Authority District (354 in
1998; 122,000 people). At the Local Authority District scale, the ILD included 12 indicators,
while the ED and Census Ward versions used five and six indicators respectively. [15] Con-
cerns regarding the Government’s dependence on decennial Census data for guiding invest-
ments in deprived communities led to some early use of routine health and social data
collected by government departments and agencies. Building on the ILD, the first Indices of
Multiple Deprivation (IMD) were developed for England in 2000 by the Department of the
Environment, Transport and the Regions (DETR). They used routinely collected data, incorpo-
rating direct, (employment, housing, geographic access) and indirect (income, health) mea-
sures of the causes and/or consequences of deprivation and were used by the Government to
allocate billions of pounds of resources.

Measuring deprivation in New Zealand

In 1985, Reinken et al. [16] first attempted to measure area deprivation in New Zealand using
data from the 1981 Census with Census Area Units (CAUs) as the unit of analysis. The purpose
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of their study was to “identify neighbourhoods which can be presumed to have a special need
for preventive health services” (Reinken et al, 1985: p42). They identified 17 items from the
Census representing demographic (e.g. age, ethnicity, marital status) and socio-economic (e.g.
“blue collar” employees, receiving a means-tested benefit, seeking employment, home owner-
ship, average weekly rental and car ownership) factors to measure deprivation. They used
Principal Components Analysis to identify the key factors of deprivation and how they differed
by gender, for urban or rural areas, and the effect that excluding age-specific variables (e.g.
dependent populations) had on the final index.

Following the 1991 Census, the New Zealand Index of Deprivation (NZDep) was developed
in response to calls for a tool to assist with needs-based resource allocation. Whereas Reinken
et al’s work was based on CAUs (average population 2,000 people), NZDep was created using
Meshblock (MBs) (average population 100 people). NZDep used national Census data, and
was based on international deprivation research. It was conceived with three purposes in
mind: resource allocation, community advocacy and research. [17] The methodology for
NZDep1991, which was broadly consistent with Reinken’s work, combined nine indicators of
social and material deprivation from the Census using Principal Components Analysis. Where
Reinken had apportioned CAUs into 7 categories of deprivation, NZDep’s standardised Prin-
cipal Components score was classified into Deciles, with Decile 1 representing the 10% least
deprived small areas (MBs) in New Zealand and Decile 10 representing the 10% most deprived
areas in the country. NZDep has become widely used in health [18-20] and social [21, 22]
research in addition to being a key variable in funding allocation models. [23-25]

Despite their popularity in population health research, Census-based indices have their
limitations. As most countries hold their national Census every five or 10 years, the indices
become quickly outdated, especially in communities that undergo substantial population and
social change through urban regeneration programmes, for example. One limitation of
NZDep is that researchers are unable to easily deconstruct the index and use some of its nine
variables independently to determine for example, the strength of an association between a
given health outcome and different categories of deprivation. Furthermore, most Census-
based indices are based on assumptions of how particular variables represent material depriva-
tion. Consider the inclusion of motor vehicle ownership in the NZDep, Carstairs and Town-
send indices. Motor vehicle ownership may measure a household’s ability to access material
resources, however there is evidence that area-based deprivation indices that include car own-
ership variables are poor indicators of deprivation in rural areas, since car ownership is a
necessity of rural life.[26] In addition, city dwellers require cars less often if they live in close
proximity to their workplace and have good access public transport. Given that the proportion
of households in New Zealand without access to a motor vehicle decreased from 12% to 8%
between the 1991 and 2006, one may also argue that its overall utility as a measure of depriva-
tion is becoming more limited. Similarly, the near-universal access to telephones in 2006 (94—
99%), [27] reduced the significance of this indicator when measuring disadvantage and led
NZDep2013 to capture households without access to the Internet instead. [28]

In response to these limitations, and supported by an increasing ability to access routine
administrative data sources, a new deprivation index has been developed for New Zealand that
is underpinned by Townsend’s [13] definition of deprivation and enhanced by Noble et al. [29,
30] who state that “multiple deprivation is thus not some separate form of deprivation. It is
simply a combination of more specific forms of deprivation, which themselves can be more or
less directly measurable”. This research contributes to the wider literature which combines
indicators of a particular type of deprivation into a ‘Domain’ of deprivation and then combines
those Domains into an overall measure of multiple deprivation at the small area level.[9, 30,
31]
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In this paper, the development of a customised geographical boundary file known as Data
Zones (DZs) is outlined, before the 28 indicators chosen to represent seven Domains of de-
privation and the creation of the New Zealand Index of Multiple Deprivation (IMD) are
described. We then validate the association between the IMD and its Domains against smok-
ing rates and household-level poverty, before exploring geographic variations in the IMD and
its Domains for the 20 District Health Boards (DHBs) across NZ.

Data and methods
Ethical approval

This study was given ethical approval by the Chairperson of the Northern X Regional Ethics
Committee on 24 August 2011, with ongoing approval granted by the New Zealand Health
and Disability Ethics Committees (Ref: NTX/11/EXP/190).

Designing the geographical base—Data Zones

The availability of cross-tabulated data for more than one dimension (such as a population by
age and ethnicity) is limited at the meshblock (MB) level, due to Statistics NZ’s disclosure and
confidentiality rules, so there was a need for the development of a standard neighbourhood-
level geography, optimised for social and health research. We extended the methodology out-
lined by Zhao and Exeter [32] to create a customised geographical base known as Data Zones
(DZ) using 2013 MB boundaries (the smallest Census area output) as building blocks. For a
detailed account of the DZ construction, readers are directed to Zhao and Exeter (32). In brief,
we constructed 5,958 DZs with an average population of 712. There were 46,629 MBs in 2013
that had populations ranging from 0 to 1,899 with a median of 78. We excluded 708 MBs
which were either oceanic, water-inlets or lakes and had a combined population of 738 resi-
dents, from the 4,242,132 usual resident population of NZ in 2013. We used 45,921 MBs to
construct the 5,958 DZs using six criteria commonly associated with geographic zone design
for health and social research (geographic contiguity, population equality, respecting adminis-
trative boundaries, respecting physical barriers, internal socioeconomic homogeneity and
compactness). With the exception of one ‘small’ DZ, representing all of Stewart Island (total
population of 384) and 10 ‘large’ DZs with populations between 1,381 and 1,899 (mostly com-
prising a single MB) the population of the DZs ranged from 501 to 999. While Zhao and Exe-
ter[32] nested their ‘Lower Zones’ for Auckland within Census Wards, in this study and
following consultation with Statistics NZ’s geospatial team, the DZs are nested within CAUs
wherever possible (93.3%). In addition, the DZs nest within higher geographical units such as
Electoral Districts, Territorial Authorities, District Health Boards and Regions. One strength
of these DZs is that they are independent of the administrative units used by different govern-
ment agencies (e.g. Police Districts, School Zones), which may change over time, and thus rep-
resent a neutral geographical basis for facilitating data sharing. DZs were not intended to
reflect the true extent of actual communities; rather they are an intermediate geography
between MB and CAU that facilitates small-area analyses of health and social data at a scale
small enough to be statistically robust, while also conveying a sense of neighbourhood. [32]

Indicator selection and Domain development

Following a literature review, a hui (meeting) with Maori and non-Maori stakeholders, and
discussions with topic-experts and data managers at the Ministries of Education, Health, Social
Development, Inland Revenue, Housing NZ Corporation, NZ Police, other local and interna-
tional researchers, we conducted a comprehensive stocktake of potential indicators and data
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sources, focussing on items that measured different forms of deprivation as directly as possible.
Potential indicators discussed included measures of income, employment, crime, housing,
health and education, in addition to measures of wealth, literacy, community connectedness,
pollution, access to basic amenities (e.g. schools, pharmacies, supermarkets) and access to
social hazards (e.g. problem gambling, alcohol outlets). We also discussed notions of indigene-
ity, racism and Maori development, causes and consequences of deprivation, under reporting
of certain criminal offence types, and measuring the utilisation of services. As a result of this
stocktake, we identified seven Domains of deprivation relevant to New Zealand: Employment;
Income; Education; Housing; Health; Crime and Geographical Access.

Consistent with previous deprivation research, [6, 9, 13, 30, 33-35] indicators were selected
for their theoretical ability to measure a particular aspect of relative deprivation and if they:
were nationally available at the street address or small area (MB) level; measured major charac-
teristics of a given aspect of deprivation; were not conditions with a limited geographic or
demographic exposure; reflected circumstances of relevance to New Zealand; were up-to-date
and easily updatable and were statistically robust. [9, 30, 33]

Fig 1 provides a summary of the 28 indicators that met the inclusion criteria and their allo-
cation into Domains. For each indicator, we obtained data for 2013, or as close to 2013 as pos-
sible, and we used 2013 Census counts as denominators for all but three Education indicators,
for which counts of school leavers were used. For example, the Employment Domain includes
the proportion of working age (15-64) adults who were receiving the Unemployment Benefit
or the Sickness Benefit in the last week of March 2013. This period was selected as it was the
Ministry of Social Development’s reporting period closest to the 2013 Census night. By con-
trast, the only data available for the Crime Domain were for the 11 months between 1 July
2014 to 31 May 2015, and we used the total population from the 2013 Census as the denomina-
tor. All statistical procedures were conducted in SAS version 9.4, except for measures of prox-
imity to basic amenities used in the Access Domain, which were calculated in ArcGIS 10.3.0.

Our Employment Domain measures those individuals who are willing to work but are
unable to do so through unemployment or sickness. This Domain comprises two indicators
using data from the Ministry of Social Development (MSD): the working age population
receiving the Unemployment Benefit and the working age population receiving a Sickness
Benefit on the last week of March 2013. As claimants can only receive one of these benefits at
any given time, these two indicators are mutually exclusive. The purpose of these indicators is
to measure the degree to which working age people are excluded from the employment world,
but they do not capture aspects of hidden unemployment such as those who are seeking work
but not registered with Work and Income New Zealand (a subsidiary of MSD). Counts for the
working age population receiving the Unemployment Benefit or the Sickness Benefit in each
DZ were totalled and divided by the working age population to form an Employment Domain
score, which was then ranked from 1 to 5,958 in order of increasing deprivation.

There were two indicators in the Income Domain. These capture the extent of income dep-
rivation in a neighbourhood by measuring the financial assistance provided by the State in the
last week of March 2013 to those whose income was deemed insufficient. One indicator mea-

sures payments from the MSD in the form of selected income-tested benefits and Working for
Families (WFF) Tax Credits paid to beneficiaries. The other indicator measures payments by
Inland Revenue (IR) including WFF Tax Credits paid to working people, Child Tax Credits
and Paid Parental Leave. Data for the IR indicator were extracted from Statistics New Zeal-
and’s Integrated Data Infrastructure (IDI). The IDI is a data repository comprising anon-
ymised, individual-level data routinely collected by government agencies, in addition to
surveys conducted by Statistics NZ including the 2013 Census, and non-government organisa-
tions.[37] In this study, the total amount paid in each DZ in the various forms of income
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The New Zealand Index of Multiple Deprivation 2013
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Fig 1. Developing the IMD: An overview. Adapted from Fig 2 SIMD 2012 Methodology, in Scottish Index of Multiple Deprivation 2012. Edinburgh: Scottish
Government (Crown Copyright 2012, See S1 Fig). [36] Reproduced with Permission (see S1 File)

https://doi.org/10.1371/journal.pone.0181260.g001

support was divided by the total population to form an Income Domain score, which was then
ranked from 1 to 5,958 in order of increasing deprivation.

In consultation with the New Zealand Police, we used data from the new Recorded Crime
Victimisation Statistics (RCVS) to construct our Crime Domain. RCVS data for 236,277 victi-
misations for the period between 1 July 2014 and 31 May 2015 were extracted from the IDI.

In 2015 Statistics New Zealand [38] recommended that victimisations should be counted after
30 days of investigation, as many investigations are still active at seven days. Therefore, we
extracted counts of victimisations after 30 days of investigation for the seven major offence
types captured by the RCVS: Homicide and Related Offences; Assault; Sexual Assault; Abduc-
tion and Kidnapping; Robbery, Extortion and Related Offences; Unlawful Entry with Intent/
Burglary, Break and Enter; Theft and Related Offences. The majority (54.6%) of victimisations
related to Theft, and together with Unlawful Entry (24.4%) and Assault (17.5%) accounted for
94% of all victimisations reported in the 11 month period.[38] We allocated victimisations to
DZs using the MB of the scene of an offence, calculated a victimisation rate per 1,000 popula-
tion using 2013 Census data, and ranked the scores in order of increasing deprivation.
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Potential indicators for the Housing Domain, such as measures of the age of the housing
stock, housing quality, affordability, applications to the Tenancy Tribunal, and households
whose landlord is either the State-owned Housing NZ Corporation (HNZC) or a Local Au-
thority were explored but rejected for a variety of reasons. In most cases the data were not
available in a consistent form for the entire country. Therefore, the Housing Domain com-
prises two indicators obtained from the 2013 Census: the proportion of the population living
in overcrowded households and the proportion of the population living in rented accommoda-
tion. Consistent with Statistics NZs protocols, we used the Canadian National Occupancy
Standard (CNOS) [39] in which overcrowding was defined as households requiring one or
more extra bedrooms to adequately accommodate occupants, based on the relationships
between household members and their ages. The indicator representing rented accommoda-
tion included renting from HNZC and other social housing providers, as well as from private
landlords. The two indicators were combined using weights consistent with the deprivation
literature (in which overcrowding is typically weighted higher than other housing-related mea-
sures [40-42]), and we tested their correlations with three known deprivation-related mea-
sures—the IMD Employment and Income Domains and smoking rates. We found that the
household overcrowding variable was consistently more closely related to these deprivation
measures than the proportion of the population living in rented dwellings. We therefore nor-
malised the overcrowding and renting percentages so they were on the same scale of 0 to 1 and
combined them with 60% and 40% weights respectively. As factor analysis on two items is not
recommended, we tested three different methods of normalisation (min-max normalisation,
normalisation using the Blom method, and using the ranks directly) for sensitivity analyses.
The resulting housing domain ranks were highly correlated, with the Spearman correlation
coefficients ranging from 0.981 to 0.998. Given the consistency of these results, we selected the
min-max normalisation method and combined the two indicators with 60% / 40% weighting
to form the Housing Domain score, which was then ranked in order of increasing deprivation.
It is important to note that this domain will be less responsive to changes over time as the indi-
cators cannot be updated until after the 2018 Census.

After exploring many potential health indicators with clinicians, colleagues, and Ministry of
Health analysts, the Health Domain comprises five indicators that use data obtained from the
Ministry of Health to identify areas with a higher than expected level of ill health or mortality
for the age profile of the population. In order to average any anomalies associated with unchar-
acteristic patterns, we obtained counts of mortality events between 2011 and 2014, acute hospi-
talisation events per DZ between 2012 and 2014, and cancer registrations between 2010 and
2014. The different time periods reflect the period closest to the 2013 Census year that captures
sufficient data points, and the availability of different data sets from the Ministry of Health.

While the Standardised Mortality Ratio (SMR) measures the observed versus expected
number of deaths across all ages in a given DZ, the remaining indicators focus on admissions
to an emergency department, hospitalisations for infectious or respiratory diseases and cancer
registrations for which the primary diagnosis was for illnesses that have a known social gradi-
ent. [e.g. 18, 43] To create the overall Health Domain score, the five indicator scores were
ranked and transformed to a normal distribution, to prevent outliers having a disproportion-
ate effect on the overall scores. The transformed ranks were combined using weights based on
standardised scoring coefficients generated by factor analysis using the maximum likelihood
method (Table 1), and the resulting scores were then ranked in order of increasing
deprivation.

The Education Domain has five indicators, three of which were extracted from the IDI and
measure the proportions of school leavers who left before they were 17 years old, without the
equivalent of NCEA Level 2, and/or did not enrol in any level of tertiary studies within 3 years

PLOS ONE | https://doi.org/10.1371/journal.pone.0181260 August 3, 2017 7/19


https://doi.org/10.1371/journal.pone.0181260

@° PLOS | ONE

Developing the IMD for New Zealand

Table 1. Weights for ranked health indicators in the Health Domain.

Health indicators Weight
Registrations for cancers with a social gradient 0.04
Standardised Mortality Ratio 0.08
Acute hospitalisations related to infectious diseases with a social gradient 0.19
Acute hospitalisations related to respiratory diseases with a social gradient 0.28
Emergency admissions to hospital 0.42

https://doi.org/10.1371/journal.pone.0181260.t001

of leaving school. The other two indicators use 2013 Census data to measure the proportion of
youth aged 15-24 not in education, employment, or training (NEET) to capture youth dis-
engagement, and the proportion of the working age population without a formal qualification,
to reflect the assertion that educational attainment influences individuals over their life-course.
To create the overall domain score, the five indicator scores were ranked and transformed to a
normal distribution to prevent outliers having a disproportionate effect on the overall scores.
The transformed ranks were combined using weights based on standardised scoring coeffi-
cients generated by factor analysis (Table 2).

We developed the Access Domain to represent the cost and inconvenience of travelling to
access basic amenities. We obtained the geographic co-ordinates (x,y) of facilities including
primary health care providers, supermarkets, service stations, early-childhood centres, and pri-
mary and intermediate schools from a range of data suppliers. We conducted spatial validation
using Google Maps and made direct contact where necessary. Comparable research interna-
tionally calculated the travel time to the closest facility separately for both public and private
transport. However, as New Zealand lacks a comprehensive national public transport system
and evidence suggests the closest facility is not always the service utilised [44, 45], we opted to
measure the distance to the nearest three localities of a given facility. To create the overall
Domain score, the five indicator scores were ranked and transformed to a normal distribution
to prevent outliers having a disproportionate effect on the overall scores. The transformed
ranks were combined using weights based on standardised scoring coefficients generated by
factor analysis, as shown in Table 3.

Developing the New Zealand Index of Multiple Deprivation (IMD)

To create the New Zealand Index of Multiple Deprivation (IMD), the Domain-specific scores
for each DZ were ranked in order of increasing deprivation, transformed to an exponential
distribution, and combined using the Domain weights shown in Fig 1. While the transformed
Domain score had a range from 0 to 100, the constant in the exponential transformation for-
mula ensured that approximately 10% of the DZs had a score of greater than 50.[30] The skew-
ness in the exponential distribution reduces the extent to which high deprivation in one
domain cancels out low deprivation in another domain. The IMD and each of its seven
Domains were ranked in ascending order, with the most deprived DZ ranked at 5,958. If two

Table 2. Weights of ranked education indicators in the Education Domain.

Education indicators Weight
School leavers not transitioning to tertiary studies 0.06
Youth not in Education, Employment, or Training 0.13
School leavers younger than 17 years old 0.25
Working age people 15-64 with no qualifications 0.26
School leavers with less than NCEA Level 2 0.30

https://doi.org/10.1371/journal.pone.0181260.t002
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or more DZs had the same score, they received a rank equal to the mean of the corresponding
rank of the tied scores.

Consistent with previous research,[30, 46] the weights used to combine Domains into the
overall IMD were driven by the literature on multiple deprivation. Given Townsend’s [13:
p-131] observation that although ‘people experiencing some form of deprivation may not all
have low income, people experiencing multiple or single but very severe forms of deprivation
are in almost every instance likely to have very little income and little or no other resources’,
the Income and Employment (the means to generate income) Domains have the most weight
at 28% each. The Health and Education Domains have the second-highest weights (14%), fol-
lowed by Housing (9%), and Crime (5%). The Access Domain has the lowest weight (2%)
because access to basic services in NZ is negatively associated with deprivation, except for
rural dwellers.[47] The ranks were further classified into Quintiles and Deciles to facilitate use
of the IMD and its Domains in research and policy.

Results
Correlations between the IMD and its Domains at the data zone level

We used Spearman’s Rank Correlations, p, to re-confirm the strength of associations between
the IMD and its Domains (Table 4) at the DZ level. All of the correlations are at least moder-
ately or highly statistically significant (p<0.001), except the weak correlations with the Access
Domain. The Income and Employment Domains were very strongly associated with IMD (p =
0.95 and 0.93 respectively). Similarly, the Health (p = 0.82), Education (p = 0.81) and Housing
(p = 0.78) Domain ranks were strongly correlated with IMD ranks, while the Crime Domain
was only moderately associated with IMD ranks (p = 0.60). The Access Domain (p = -0.29)
was weakly and negatively associated with IMD, and raised considerable questions about its
inclusion in the IMD. After debate it was decided to retain the Access Domain because in rural
areas, poor access to basic amenities is a disadvantage. For example, we classified each DZ as
urban or rural based on Statistics New Zealand’s Urban Rural Profile.[48] For the overall IMD,
there was a general trend in which the proportion of DZs in rural areas decreased with increas-
ing level of deprivation. In Decile 1 areas, 15% of DZs were rural, while in Decile 10 (most
deprived), only 5% of DZs were rural. However 98% of the DZs in the most Access deprived
Decile were rural, and no DZs were classified as rural below Decile 7 in the Access Domain.
The Income Domain’s strongest association is with Employment, while Crime’s strongest
association is with Housing. Education and Health are strongly associated with the Income
Domain, while the weakest associations are typically with the Access Domain. The correlations
between Access and the Income, Employment and Health Domains (-0.26 to -0.35) are reason-
ably weak; associations between Access and Crime (-0.46) and Housing (-0.55) are moderate,
but the association between Access and the Education Domain is not statistically significant
(0.01, p = 0.36). In Table 4, we demonstrated the association between the IMD and its seven
Domains against the ranked proportion of smokers and households earning less than 60% of

Table 3. Weights of ranked access indicators in the Access Domain.

Access Indicators Weight
Early Childhood Education Centre 0.15
School for Years 1t0 8 0.15
Supermarket 0.20
Petrol station 0.23
GP or Accident and Emergency Clinic 0.26

https://doi.org/10.1371/journal.pone.0181260.t003
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Table 4. Correlations between the IMD, its Domains, with rates of smoking and household poverty.

IMD
IMD 1
Employment 0.93
Income 0.95
Crime 0.61
Housing 0.77
Health 0.82
Education 0.81
Access -0.29
Regular smokers 0.81
Households living in poverty™ 0.80

"p=0.36
"p =0.13, all others p < 0.001

Spearman Correlation Coefficients, N = 5,958

Employment Income Crime Housing Health Education Access
1
0.86 1
0.53 0.50 1
0.68 0.70 0.63 1
0.72 0.76 0.47 0.62 1
0.68 0.78 0.37 0.47 0.60 1
-0.27 -0.27 -0.46 -0.55 -0.34 0.01" 1
0.71 0.79 0.42 0.56 0.60 0.83 -0.02"
0.72 0.77 0.46 0.62 0.57 0.70 -0.19

~ households earning less than 60% of the median Jensen Equivalised Annual Household Income (JEAHI)

https://doi.org/10.1371/journal.pone.0181260.t004

the Jensen Equivalised Annual Household Income (JEAHI: ‘household poverty’) per DZ,
using data from the 2013 Census to test the predictive and concurrent validity of the IMD
respectively. While tobacco smoking has reduced substantially in New Zealand over recent
decades, existing indices of occupational social class [49] and area-deprivation [28] have found
that a strong socio-economic gradient persists. Table 4 demonstrates a very strong, positive
and statistically significant (p<0.001) correlation between smoking rates and the overall IMD
(0.81), and the Education (0.83), Income (0.79), and Employment (0.71) Domains. Moderate
associations between smoking rates and the Health, Housing and Crime Domains are consis-
tent with our theoretical assumptions that these three Domains are important determinants of
area deprivation but should attract lower weights in the overall IMD. The IMD is also strongly
correlated with the number of households earning less than 60% of the median (JEAHI)-a val-
idated measure of household-level poverty, [50, 51] at the DZ level. Overall the results for the
household poverty measure were consistent with the correlations reported for smoking. While
smoking was most strongly correlated with the Education Domain, household poverty was
unsurprisingly most strongly associated with the Income Domain, and was more strongly cor-
related with the Housing, Crime and Access Domains than smoking.

Given the IMD comprises an Income Domain-albeit based on income support payments
to individuals rather than household income per se-one may argue that there is a degree of cir-
cularity when measuring the correlation between household poverty and the IMD or the
Income Domain. In response to this, we created seven additional IMDs, each one excluding
one of the 7 domains. The benefit of the IMD is the ease with which Domains can be excluded
or included, depending on the topic under investigation. In the household poverty example
above, we used the IMD (No Income) index, and found a correlation of 0.78, marginally less
than reported for the overall IMD. Similarly, the Spearman Rank correlation between the IMD
(No Health) index and smoking was 0.83, slightly higher than we found for the IMD and
smoking.

Geographical variations in multiple deprivation in New Zealand

Fig 2 demonstrated the distribution of IMD ranks by District Health Board. The 20 territorial
entities responsible for delivering health services in NZ are ordered by the median IMD rank
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Fig 2. The distribution of (A) the IMD and its Domains (B-H), ordered by median IMD rank.

https://doi.org/10.1371/journal.pone.0181260.9002

in ascending levels of deprivation. For clarity, we refer here to the distributions in relation to

deprivation Quintiles, with the least deprived Quintile (Q1) ranked 1 and the most deprived

(Q5) ranked 5,958. Fig 2A shows that the Canterbury DHB had the lowest median IMD rank

(2000), while Tairawhiti had the highest median IMD rank (4415). All DHBs have DZs in each
of the IMD Quintiles of deprivation. However, as one might expect, the 10 DHBs with the low-
est median IMD ranks are moderately skewed toward the least deprived IMD ranks, while
those DHBs with higher medians are more skewed toward increasing levels of deprivation.

11/19

The boxplots shown in Fig 2B-2H, are also ordered according to increasing median IMD

rank, and highlight the variations in Domains of deprivation within DHBs. These boxplots
show that the Capital and Coast DHB (in Wellington, NZ’s Capital City) has among the lowest
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levels of Income and Education deprivation; Nelson/Marlborough DHB has by far the lowest
Health deprivation; and the South Canterbury and Canterbury DHBs have the lowest employ-
ment deprivation. In contrast, the Auckland, Counties Manukau, and Tairawhiti DHBs have
the worst Housing deprivation, and the Auckland, Lakes, and Tairawhiti DHBs have the most
Crime deprivation. West Coast and Northland are the DHBs with the worst Access depriva-
tion, while the Auckland DHB has the best.

The reader is invited to explore the geography of the IMD and its Domains using our inter-
active online atlases available at http://www.fmhs.auckland.ac.nz/imd.html.

Discussion

This is the first national study in New Zealand to use routine administrative datasets to mea-
sure area-level deprivation. This represents a substantial methodological shift from the Cen-
sus-based NZDep. Using our bespoke Data Zones (DZs), which are an intermediary boundary
layer between Census Meshblocks and Area Units, we developed the New Zealand Index of
Multiple Deprivation (IMD) comprising 28 indicators representing seven Domains of depriva-
tion (Income, Employment, Crime, Housing, Health, Education and Geographical Access).
DZs, small geographic areas with an average population of 712, were ranked by ascending lev-
els of deprivation to provide a nuanced and flexible measure of multiple aspects of deprivation
in New Zealand. The seven Domains of deprivation were weighted according to their theoreti-
cal ability to directly measure different forms of deprivation in New Zealand, how well the
indicators in each Domain measured those forms of deprivation, and the quality and coverage
of the data they used.

Noble et al[30] provided a thorough critical assessment of five potential approaches for
defining the Domain weights used to construct an IMD. These include: considering the litera-
ture on social exclusion and material deprivation; calculating the weights empirically; defining
the weights according to policy requirements; determining the weights by consensus; or
entirely arbitrary. In this research, and consistent with existing IMDs, our weights were driven
according to relevant literature. Whilst our weights are similar to those used in the UK indices
of multiple deprivation for most Domains, we made minor adjustments to the Housing and
Access Domains, in response to the New Zealand context. The Housing Domain was given a
weight of 9% (it received 2% in the 2012 SIMD) because of the importance of adequate housing
for health and social outcomes in NZ, [52] the persistence of overcrowding [53] as a manifesta-
tion of housing shortages, general declines in housing affordability and home ownership rates,
[54] and the robustness of data for the two indicators which met our criteria. The Access
Domain was given a weight of 2% (it received 9% in the 2012 SIMD) because unlike the UK,
NZ studies have shown that access to basic services has a negative association with deprivation,
except in rural areas. Pearce et al. [47] found that access to community resources is better in
more deprived urban areas and best in intermediate urban/rural areas. However, for rural
areas, access to the majority of resources is worse in more deprived areas.

A significant strength of the IMD is that the seven Domains may be used individually or in
combination to explore the geography of deprivation and its association with a given health or
social outcome. For example, a researcher wishing to investigate the association between
household overcrowding and deprivation using the IMD can choose to exclude the Housing
Domain from the overall index, or use combinations of Domains such as Employment,
Income and Health.

In the UK, the inclusion of an Income Domain within an index of multiple deprivation is
universal. In the 2012 SIMD for example, the Income Domain included the proportion of the
population receiving different types of income support. [36] However, since the dollar amount

PLOS ONE | https://doi.org/10.1371/journal.pone.0181260 August 3, 2017 12/19


http://www.fmhs.auckland.ac.nz/imd.html
https://doi.org/10.1371/journal.pone.0181260

@° PLOS | ONE

Developing the IMD for New Zealand

paid to an individual may vary based on their circumstances and the value of the benefits they
are eligible for, in this study we used the dollar amount paid in the form of Working for Fami-
lies Tax Credit payments and selected income-tested benefits to measure the level of income
deprivation in each DZ.

The Employment Domain comprises indicators representing the working age (15-64) pop-
ulation who were receiving the Unemployment Benefit or the Sickness Benefit in the last week
of March 2013, as this was the Ministry of Social Development’s (MSD) reporting period clos-
est to the 2013 Census night. As the MSD data are available in the Integrated Data Infrastruc-
ture, we will explore the potential to develop seasonally-adjusted Employment Domain
indicators in future iterations of the IMD, consistent with the IMDs in the UK.[31]

By using data from routine administrative datasets we have mitigated problems associated
with self-report bias that some national surveys may face, and made it possible to update the
IMD regularly. A motivation to align the IMD with the 2013 Census data was to ensure a reli-
able population denominator was available. Recently, a methodology was proposed for con-
structing a denominator population within the IDI, based on an (anonymised) individual’s
inclusion in key government databases (e.g. tax, health, vital statistics, and immigration),
therefore updates at more frequent intervals may be possible using the denominators available
from Statistics NZ’s IDI. [55] Future updates of the IMD will be conducted within the IDI
environment to maximise the use of routine administrative data and regularly updated address
information, geocoded to MBs, which can be easily aggregated to DZs. [56] Nevertheless, sub-
sequent iterations of the IMD will need to be mindful of managing changing geographies, and
variations in the collection and reporting of administrative datasets, as has occurred for succes-
sive iterations of the IMDs developed by the constituent countries of the UK.

Despite its benefits, the use of big datasets, such as those used to develop the IMD, does
pose challenges. For some indicators it was difficult to assign counts to the correct DZ either
because the residential address of the person was poorly recorded or the organisation provid-
ing the data was using out-dated geographical boundary maps. For example, the MSD mapped
their clients” addresses to the 2001 MBs, which are quite large and in many cases overlap more
than one DZ. We developed a methodology to assign the MSD data to the correct DZ by calcu-
lating the proportion of the 2013 population in each part of the 2001 MB, and using those pro-
portions to assign the MSD data to the relevant DZs. If a 2001 MB lay entirely within one of
the 5,958 DZs, then 100% MSD data values of this MB were assigned to the corresponding DZ.
If a 2001 MB overlapped two or more DZs, then the proportion of the 2013 population of each
DZ was used to determine the percentage of MSD data values assigned to each DZ. This
method assumed that every person was equally likely to receive MSD payments or benefits and
was used for 2.21% (834/37,708) of the 2001 MBs.

Internationally, there is debate around whether shrinkage should be applied to the estimates
used in the development of an IMD to deal with unreliable extreme estimates from areas with
small populations. A number of shrinkage techniques have been proposed. [29, 30, 57-60]
While the 2004 SIMD used shrinkage techniques, a subsequent evaluation of the statistical
methods used in the development of the SIMD [57] concluded that shrinkage estimation was
unnecessary. We contend that using national or DZ-level shrinkage techniques may mask
small pockets of deprivation. [61] Furthermore, while Bayesian spatial shrinkage methods
model the correlation between geographically proximate DZs, their effective use may be lim-
ited due to New Zealand’s elongated physical topography. Thus, shrinkage estimation was not
applied in the development of the IMD.

Various Government agencies that provided data have expressed interest in using the IMD
to investigate the geography of vaccination uptake, tertiary education participation and out-
comes, demand for services among vulnerable children, and uptake of Working for Families
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Tax Credits. Furthermore, we are having ongoing discussions with Statistics New Zealand
about the DZs, which may be used in their geographic boundary review. Given the interest in
the DZs and the IMD from researchers and policy analysts, we foresee their potential in plan-
ning and funding. In the UK for example, Local Authorities that were eligible to receive a
share of £1.5Billion between 2008/9 and 2010/11 from the Working Neighbourhoods Fund
(WNF) were identified using the English IMD and its Employment Domain.[62] Similarly the
National Health Service (NHS) uses the IMD as part of its weighted capitation funding model-
ling, which allocated over £85million to primary care trusts and deprivation-weighted top-ups
to physician salaries in England in 2011/12.[63] We are confident that the adoption of our DZs
will be similar to other intermediate geographies in the UK, which have been used widely in
research, planning and government, rather than a tool to be used only by researchers, such as
the Primary Care Service Areas developed as part of the Dartmouth Atlas of Healthcare Varia-
tion.[64]

Together, the DZs, the IMD and its Domains provide numerous opportunities for future
research. In addition to the Government driven projects mentioned above, we have conducted
a study demonstrating associations between childhood obesity and deprivation in which we
outline the use of the overall IMD, its separate domains, and the IMD excluding the Health
Domain. Suggestions for future research include using the five health indictors as outcomes
against which the IMD can be tested to give more empiric weighting to the other domains and
to explore geographical variations in domain ranks. We also plan to explore variations in CVD
medication dispensing, proximity to fast food outlets, and further research on Maori/non-
Maori inequities in health and social outcomes.

This paper provides an overview of the IMD and its development. We have developed an
interactive online atlas, comprising the IMD and Domain ranks in addition to a selection of
demographic data from the 2013 Census and a technical report for users to explore the IMD in
more detail. Our atlas enables users to explore variations by District Health Board, Territorial
Authority, General Electoral District, and Iwi boundaries. Furthermore, as part of our ongoing
research, we are currently investigating the relationship between deprivation and a number of
health and social outcomes, with a view to understanding service delivery gaps better, and
facilitating the targeting of resources for health or social well-being. We are also exploring the
associations between NZDep2013 and the IMD in terms of the geography of deprivation in
New Zealand. All resources related to the IMD, its Domains, and the DZs are available from
http://www.fmhs.auckland.ac.nz/imd.html

Supporting information

S1 Fig. The SIMD 2012 Methodology overview, in The Scottish Index of Multiple Depriva-
tion 2012 Methodology Visual Guide. Edinburgh: Scottish Government (Crown copyright
2012).
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of the SIMD 2012 Methodology overview.
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Statistics New Zealand disclaimer

The results in this paper are not official statistics, they have been created for research purposes
from the Integrated Data Infrastructure (IDI), managed by Statistics New Zealand. The opin-
ions, findings, reccommendations, and conclusions expressed in this paper are those of the
author(s) not Statistics NZ or the University of Auckland. Access to the anonymised data used
in this study was provided by Statistics NZ in accordance with security and confidentiality
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provisions of the Statistics Act 1975. Only people authorised by the Statistics Act 1975 are
allowed to see data about a particular person, household, business, or organisation and the
results in this paper have been confidentialised to protect these groups from identification.
Careful consideration has been given to the privacy, security, and confidentiality issues associ-
ated with using administrative and survey data in the IDI. Further detail can be found in the
Privacy impact assessment for the Integrated Data Infrastructure available from www.stats.
govt.nz. The results are based in part on tax data supplied by Inland Revenue to Statistics NZ
under the Tax Administration Act 1994. This tax data must be used only for statistical pur-
poses, and no individual information may be published or disclosed in any other form, or pro-
vided to Inland Revenue for administrative or regulatory purposes. Any person who has had
access to the unit-record data has certified that they have been shown, have read, and have
understood section 81 of the Tax Administration Act 1994, which relates to secrecy. Any dis-
cussion of data limitations or weaknesses is in the context of using the IDI for statistical pur-
poses, and is not related to the data’s ability to support Inland Revenue’s core operational
requirements.
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