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EVIDENCE BASED PUBLIC HEALTH POLICY AND PRACTICE

Neighbourhoods and health: a GIS approach to measuring
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Objective: Recent studies suggest an association between the contextual attributes of neighbourhoods and
the health status of residents. However, there has been a scarcity of studies that have directly measured the
material characteristics of neighbourhoods theorised to have an impact on health and health inequalities.
This paper describes the development of an innovative methodology to measure geographical access to a
range of community resources that have been empirically linked to health. Geographical information
systems (GIS) were applied to develop precise measures of community resource accessibility for small
areas at a national scale.
Design: Locational access to shopping, education, recreation, and health facilities was established for all
38 350 census meshblocks across New Zealand. Using GIS, distance measures were calculated from the
population weighted centroid of each meshblock to 16 specific types of facilities theorised as potentially
health related. From these data, indices of community resource accessibility for all New Zealand
neighbourhoods were constructed.
Results: Clear regional variations in geographical accessibility to community resources exist across the
country, particularly between urban and rural areas of New Zealand. For example, the average travel
time to the nearest food shop ranged from less than one minute to more than 244 minutes. Noticeable
differences were also apparent between neighbourhoods within urban areas.
Conclusions: Recent advances in GIS and computing capacity have made it feasible to directly measure
access to health related community resources at the neighbourhood level. The construction of access
indices for specific community resources will enable health researchers to examine with greater precision,
variations in the material characteristics of neighbourhoods and the pathways through which
neighbourhoods impact on specific health outcomes.

A
number of recent studies have noted the importance of
place or neighbourhood effects in explaining geogra-
phical and social variations in health.1–3 The focus of

such work has been to consider whether particular attributes
of the places in which people live have an effect upon their
health, independently of a person’s sociodemographic char-
acteristics. Although the effect is generally small relative to
individual factors most studies have found contextual factors
are significant in explaining variations in health outcomes
and health related behaviour.4 5 A renewed focus on place as
a key theoretical and policy relevant determinant of health
has ensued, and intervention at the area level has become an
important part of strategies to reduce health inequalities.6 7 A
striking feature of the research field is the diversity of
neighbourhood contextual factors that have been investi-
gated,5 8 including the influences of social capital,9 10 social
inequality,11 area deprivation,12 residential segregation,13 and
sense of neighbourhood,14 as well as environmental influ-
ences such as air pollution15 or radon gas.16

One important set of contributions to these debates has
been research into the influence of accessibility to commu-
nity resources such as parks and recreational facilities,
healthcare facilities, and public transport. Residential proxi-
mity to facilities and services can be theorised as contributing
to health and wellbeing in a number of ways. In addition to
easier and more direct access to places to shop, exercise,
work, meet neighbours, have a health check, etc, it confers
opportunities by reducing the time and financial costs of
access, which in turn frees individual and household
resources for use elsewhere. It also offers lifestyle choices.17

Previous work has noted distinct geographical and social
variations in the access to many different aspects of the

spatial infrastructure of local neighbourhoods, including
educational resources, health facilities, recreational ame-
nities, access to healthy food provision, and public transport
options.18 19 For example, poor access to retail provision of
healthy and affordable food has become imbedded within the
recent debates in the UK surrounding social exclusion and
health inequalities with various policy initiatives addressing
the issue of so called ‘‘food deserts’’ in some, often socially
deprived, neighbourhoods,20 21 which it has been argued has a
detrimental effect upon health.22 Other researchers have
focused on alternative aspects of the local infrastructure such
as the availability of amenities,23 aspects of the built urban
environment,24 and appropriately designed open space.25

Similarly, there has been much work on geographical
accessibility to healthcare resources in local communities
such as access to GP surgeries in rural communities.26 These
results are supported by the extensive work on urban
localities in Glasgow by Ellaway, Macintyre, and colleagues
who found that opportunity structures, such as recreational
facilities, public transport, and health food supplies, can
differ between more and less deprived neighbourhoods.27–29

Studies that have focused on geographical access to
community resources within local communities30 31 have
often been limited by the arbitrary nature in which
neighbourhoods have been ‘‘conceptualised and operationa-
lised’’.27 In many instances neighbourhood has been pre-
defined as the administrative unit (often census areas) for
which data are easily available.32 By adopting definitions of
neighbourhood that are more closely specified by the causal
models under investigation, it becomes possible to explore
how different aspects of neighbourhoods affect different
population groups at different times.8 27 Furthermore,
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because of the difficulties of data collection, most previous
studies have been limited in their scope in terms of
considering a confined geographical area such as a city,
rather than examining the effects of access to community
resources at a national level.32 The adoption of geographical
information systems (GIS) methods into neighbourhood and
health research offers new opportunities to incorporate
particular features of neighbourhoods and to directly
measure access to community resources within those
neighbourhoods. Recently, researchers have noted the
potential for using a GIS framework for defining socially
heterogeneous neighbourhoods for use in health analysis,33 as
well as for measuring distance to particular facilities such as
the nearest convenience store.34

This paper provides a novel methodology for calculating
geographical accessibility to 16 types of health related
community resources at a national level across both urban
and rural areas. The adoption of a GIS framework permits the
integration of data that have been collected in different ways
by discrete institutions to directly measure features of the
social and physical environment of the neighbourhood in
which people live. By incorporating community resource
data, which is precisely located in space, into a GIS it
becomes possible to conceptualise community resource access
at varying spatial scales in the local and surrounding
communities and to derive small area estimates of accessi-
bility. It is our intention to develop an approach that will
assist in furthering the theoretical understanding of how
neighbourhoods influence health and health inequalities. The
development of the index forms the first stage of a wider
research programme that seeks to examine the influence of
New Zealand neighbourhoods on a range of health outcomes.
The index will be used to make comparisons between the
opportunity structures in local neighbourhoods and the
health and wellbeing of residents. In particular, we will
consider whether poor neighbourhoods in New Zealand with

poor health suffer from the ‘‘double jeopardy’’35 of a local
infrastructure that is insufficient to lead to a healthier life.
We envisage that the index will also be of interest to those
with an interest in locality based policy and planning.

METHODS
Neighbourhood accessibility was calculated for five selected
domains where a biologically plausible mechanism can be
identified for one or more health outcomes such as mortality,
heart disease, and diabetes. The index does not suppose to
incorporate all components of neighbourhood context that
may influence health, but rather, based upon a survey of the
literature, identifies key local community resources27 that are
particularly important in a New Zealand context. None the
less, the methods adopted below are designed to be
transferable to alternative community resources in other
contexts. The domains included within the index were
recreational amenities, shopping facilities, educational facil-
ities, health facilities. and marae (a Maori meeting place). In
each domain, with the exception of the marae domain,
locational access to a set of sub-domains was calculated
(table 1). An index of accessibility was computed for each of
the sub-domains and was used to calculate an aggregate
measure for each of the broader domains.

Data sources
For each sub-domain, the precise location of all relevant
facilities in New Zealand was obtained. The sources of the
data varied for each sub-domain, but where possible
nationally collected datasets were used to maintain a
consistent and directly comparable dataset.32 Some of the
datasets (for example, hospitals) were readily available in a
GIS format at the national level and could be directly
incorporated into the analysis. For other datasets (for
example, food outlets), the data had to be requested from
the 74 individual territorial local authorities (TLAs: local

Table 1 Summary of data collected to calculate community resource accessibility for small areas across New Zealand

Domains and sub-domains Source of data Year collected
Scale of data
collection

Number of
recorded facilities

% Facilities geocoded
records

1. Recreational amenities
1.1 Parks Modified from Land

Information New Zealand
and the Department of
Conservation

2004 National 46274 100.0

1.2 Sports and leisure ACC Pool Safe (Water
Safety New Zealand)

2005 National 291 96.5

1.3 Beaches Modified from Land
Information New Zealand
point dataset

2005 National 13313 100.0

2. Shopping facilities
2.1 Supermarkets Company web sites 2004 National 661 99.7
2.2 Dairy, fruit and vegetables,
and service stations

Territorial local suthorities 2004 TLA 3681 99.9

3. Educational facilities
3.1 Kindy/daycare/playcentres Ministry of Education 2004 National 3074 99.5
3.2 Primary schools Ministry of Education 2002 National 2178 100.0
3.3 Intermediate/full primary
schools

Ministry of Education 2002 National 2162 100.0

3.4 Secondary schools Ministry of Education 2002 National 455 100.0
4. Health facilities

4.1 General practitioners Ministry of Health 2003 National 1383 100.0
4.2 Pharmacies Ministry of Health 2003 National 1170 100.0
4.3 Accident and emergency Ministry of Health 2003 National 63 100.0
4.4 Plunket* White Pages/Internet 2004 National 345 98.6
4.5 Ambulance Ministry of Health 2002 National 66 100.0
4.6 Fire stations Ministry of Health 2002 National 189 100.0

5. Marae Takoa directory� and
internet research

2005 National 468 98.1

*Plunket is a government funded well child service established in 1907. �Takoa is a directory of Maori organisations and resource people published by Tuhi Tuhi
Communications, Auckland. Maori are the indigenous people of New Zealand.
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authorities with some delegated governance) across the
country and then the precise location of each record
computed from its address using the geocoding software in
ESRI ArcMap 9.0 GIS software. For the datasets that had to
be geocoded a small number of locations were not recognised
by the geocoding software ranging from 0.1% for the food
establishment sub-domain to 3.5% for the sports and leisure
sub-domain. The location of each resource was represented as
a precise point in space except for those resources with a large
surface area (for example, a large park), which were
represented as multiple points 100 metres apart from each
other. To provide temporal consistency, most of the data
collected were accurate at time of collection (2004–2005) and
no dataset was older than 2002. Details of the sources of the
data used to calculate each sub-domain are provided in
table 1.

GIS methodology
Community resource accessibility was calculated for each
sub-domain for all 38 350 census meshblocks across New
Zealand. Meshblocks are the smallest unit of dissemination
of census data in New Zealand, with each area representing
about 100 people. In this analysis, each meshblock was
represented by its population weighted centroid (the centre
of population in the area rather than the geometric
centroid) and the travel time taken to each community
resource (for example, a hospital) along the road network
was calculated using the network functionality in ArcInfo
GIS. Population weighted centroids were used because in
large rural meshblocks the geometric centroid is often
positioned at a significant distance from the centre of
population and hence from the road network. Meshblocks
in New Zealand vary in area from less than 1 km2 in some

Dunedin

Christchurch

Wellington

Auckland

Time (minutes)

0–10

10–30

30–60

60–245

N

0 200 400
km

Figure 1 Total travel time to closest
food establishment for all meshblocks
across New Zealand.
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meshblocks in the centre of the major urban areas to
2197 km2 for a meshblock in the rural south west of the
country. As noted in our previous research, to represent
accessibility more accurately, it is important to use the
distance between each meshblock and the location of each
community resource through the road network to calculate
total travel time rather than the straight line distance.36 All
segments in the road system were adjusted to account for
variations in speed limits, type of road surface, sinuosity,

and differences in the topography across the network. The
origin to destination matrix was imported into a relational
database for analysis so that the closest facility to each
meshblock could be identified. For sub-domains where
facilities occupy a large land area (for example, parks and
beaches) the intersection of the road network with the outer
boundary was considered an access point. For other
domains, a single point was used to record the location of
the destination (facility).

Table 2 Summary statistics and lowest value in each quintile for travel time (in minutes) to domains and sub-domains of
community resources for all meshblocks across New Zealand

Domains and sub-domains Mean Median SD Q1 Q2 Q3 Q4 Q5 Max

1. Recreational amenities 2.61 1.31 6.41 0.02 0.71 1.09 1.57 2.80 197.94
1.1 Parks 2.83 1.35 9.67 0.02 0.73 1.13 1.62 2.90 361.66
1.2 Sports and leisure 11.14 5.14 24.03 0.02 2.55 4.19 6.41 12.81 277.72
1.3 Beaches 23.22 16.97 20.37 0.10 7.80 13.76 20.81 38.43 197.94

2. Shopping facilities 4.91 1.79 13.60 0.05 0.83 1.29 1.99 5.09 244.85
2.1 Supermarkets 8.06 3.22 18.34 0.06 1.65 2.65 4.01 8.72 246.50
2.2 Dairy, fruit and vegetables,
and service stations

5.17 1.65 13.75 0.05 0.86 1.35 2.10 5.50 244.85

3. Educational facilities 3.67 1.47 10.90 0.02 0.82 1.22 1.81 3.75 223.20
3.1 Kindy/daycare/playcentres 5.61 1.76 15.63 0.02 0.94 1.45 2.20 5.67 246.62
3.2 Primary schools 4.19 2.10 11.04 0.04 1.23 1.79 2.47 4.25 223.20
3.3 Intermediate/full primary
schools

4.38 2.10 11.25 0.04 1.22 1.78 2.50 4.53 223.20

3.4 Secondary schools 8.73 4.16 17.88 0.07 2.26 3.45 5.18 11.12 273.62
4. Health facilities 6.06 2.05 13.26 0.03 1.02 1.66 2.62 7.02 174.38

4.1 General practitioners 6.90 2.45 16.83 0.04 1.23 1.97 3.13 8.38 278.46
4.2 Pharmacies 7.74 2.60 18.97 0.04 1.37 2.12 3.31 9.08 278.27
4.3 Accident and emergency 22.92 11.60 40.66 0.14 5.66 9.08 14.94 27.57 279.58
4.4 Plunket 12.89 4.14 28.20 0.03 2.04 3.29 5.48 15.22 290.22
4.5 Ambulance 22.41 10.84 30.97 0.13 4.72 8.37 14.28 30.57 174.38
4.6 Fire stations 15.89 5.81 26.17 0.13 2.93 4.74 7.27 20.89 174.60

5. Marae 14.18 7.47 25.74 0.05 3.56 6.03 9.35 15.11 223.16

Quintile

1 High accessibility

2

3

4

5 Low accessibility

Food establishment

N

0 2.5 5
km

Figure 2 Travel time from population
weighted meshblock centroids to closest
food establishment in Christchurch.
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Access indices
In all 38 350 meshblocks the travel time along the road
network between each population weighted meshblock
centroid and its closest facility (for example, the travel time
to the nearest school) was calculated for the 15 sub-domains
(and the marae domain). Sub-domain values were aggre-
gated to form domain level indices for each meshblock. The
38 350 meshblocks were then assigned to quintiles according
to their level of access, for each domain and sub-domain. The
fifth of meshblocks with the least travel distance to a
particular community resource were allocated to quintile 1
(highest access) and, similarly, the fifth of the meshblocks
with lowest level of access (longest travel times) were
allocated to quintile 5 (lowest access). The calculated
meshblock scores for each sub-domain provide a relative
measure of the extent to which the meshblock is community
resource rich or community resource poor, compared with all
of the other meshblocks in New Zealand.

RESULTS
Access to community resources in New Zealand varied by
domain and sub-domain (table 2). For the whole of New
Zealand, the least accessible community resource sub-
domain was beaches (mean travel time 23.22 minutes) while
the most accessible sub-domain was parks (mean travel time
2.83 minutes). There are also clear regional variations in

geographical accessibility to community resources across the
country as well as pronounced differences between neigh-
bourhoods within urban areas. Figure 1 provides an example
of the time travelled to fresh food establishments (including
grocery shops, fruit and vegetable vendors, dairies, and petrol
stations selling food) for all meshblocks across New Zealand.
As expected there is a strong urban-rural gradient in
geographical access to fresh food shops with greater levels
of accessibility in the major urban centres and lower levels of
accessibility in the rural areas such as the Fiordland region in
the south west of the South Island. The mean travel time
from each meshblock centroid to the closest food shop was
5.17 minutes but the distances ranged from less than one
minute for some meshblocks in urban centres to more than
244 minutes in one extremely isolated rural meshblock
(table 2). The higher level of accessibility in urban areas
was evident for most of the sub-domains except for access to
outdoor recreational activity where access was greatest in
rural areas, and to beaches that were more accessible around
the coastline and some inland lakes. As noted above, for each
sub-domain, the travel time measurements were used to
divide all meshblocks in New Zealand into quintiles of
accessibility.

There are also strong geographical variations in community
resource accessibility between neighbourhoods within an
urban area. For example, in Christchurch (the major urban

Quintile

1 High accessibility

2

3

4

5 Low accessibility

Kindy/day care

N

0 2.5 5
km

Figure 3 Travel time from population
weighted meshblock centroids to closest
daycare centre in Wellington.
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centre on the South Island) there is greater access to food
establishments in most central areas of the city and along
major arterial routes (fig 2). It is interesting to note that there
is variation evident between residential areas within cities
and that there are pockets of locational disadvantage with,
for example, accessibility to food establishments in
Christchurch meshblocks ranging from less than a minute
in the central city to over 20 minutes in the semi-rural
periphery. Similar intra-urban trends are noted for other sub-
domains such as access to daycare centres in the city of
Wellington (fig 3). Again it can be noted that there is greater
accessibility in the central areas of Wellington and along
major arterial roads, but in meshblocks on the outer fringes
of the city access to daycare centres is among the lowest in
New Zealand.

DISCUSSION
Conceptualising context in many studies of the neighbour-
hood determinants of health has been limited because of the
use of readily available global measures such as indices of
deprivation derived from the census or other social surveys.
While these studies have played an important part in
determining whether there are important contextual influ-
ences upon health, they have been less successful in
identifying the specific features of the social, material, and
physical environment that influence health. Greater specifi-
city is needed to underpin place based policy initiatives. The
unique contribution of the community resource access index
as a health focused index of community resource accessi-
bility, is its national coverage and the direct measurement of
access using data collected from routine and non-routine
sources. Furthermore, the methodology used in constructing
the indices permits the data to be readily aggregated for the
effects of context to be examined at a range of geographical
scales by either calculating the mean travel time for each
domain/sub-domain of all meshblocks in the larger area or by
using its population weighted centroid (which exist for larger
areas such as census area units) and re-running the GIS
model. The model has been based on travel times by car but it
has the flexibility to be used to calculate walking or cycling
times to facilities in urban neighbourhoods. Developing the
index has shown that a GIS methodology offers the
opportunity to accurately measure accessibility to community
resources and, ultimately, to further our understanding of
how equity of access to local opportunity structures at
different spatial scales affects health.

The selection of neighbourhood resources for inclusion in
the index was theoretically driven. Parks, sports and leisure
facilities, and beaches provide opportunities for physical
exercise, the lack of which is a significant risk factor for the
health outcomes of interest in the wider study (for example.
cardiovascular disease and diabetes). Likewise, access to
supplies of fruit and vegetables is a necessary prerequisite to
healthy eating. Educational facilities were included because
of the consistent predictive relation between educational
outcomes and health and health inequalities.37 38

Furthermore, in rural and urban New Zealand, schools and
preschools are significant sites of neighbourhood interaction

and community building,38a neighbourhood factors that have
been empirically linked to health outcomes.39 For Maori,
marae are the heart of family and communal life and are also
often sites for the delivery of educational and health services.

The results show that there are strong geographical
variations in accessibility to community resources across
New Zealand and that for each sub-domain there are
different geographies. Not surprisingly, clear differences are
apparent between urban and rural areas with journey times
to facilities generally longer in rural neighbourhoods. The
methodology used in the construction of the index will
enable specific rural and urban relative travel distance indices
to be calculated if determinants of health outcomes are
modelled independently in urban and rural areas.

New Zealand is a nation of car drivers. It has one of the
highest rates of car ownership in the world.40 41 While this
may increase community resource access for households with
a private vehicle it effectively diminishes access for people in
the 10% of New Zealand households without a car,42 as a
common consequence of increasing car ownership rates is
increasing distances to services and facilities.43 In New
Zealand, public transport is poor in many urban areas and
non-existent in most rural communities. Consequently,
differential access to a car has potential impacts on amenity
and services access and on opportunities for social interac-
tion, all factors that may contribute to social inequalities in
health. Households without access to a car living in localities
with poor access to services face a ‘‘double jeopardy’’
situation.

One of the limitations of the community resource access
index is the lack of a public transport domain. The research
team identified public transport as a domain for inclusion but
unfortunately adequate data on the location of stops and the
frequency of public transport services were not available
nationwide. Similarly, we were unable to compile a compre-
hensive national database on all forms of recreation and
leisure centres. There are other limitations to the index. The
data collection does not have 100% accordance, as although
extensive efforts were made to obtain all data for each sub-
domain, for some records insufficient information was
provided on the address of the resource, meaning that
geocoding was impossible. Furthermore, the index is a
measure of relative geographical accessibility and does not
claim to measure other important types of accessibility such
as cultural accessibility or the quality of the resources.
Therefore, for example, a community may have good
geographical access to recreational activities but a resource
in an area considered unsafe by residents is less likely to be
associated with positive health outcomes compared with an
attractive amenity in a ‘‘safe’’ location.44

In the next phase of our research, the community resource
index will be used to examine whether different facets of

What this paper adds

A GIS based methodology has been developed to directly
measure travel time access to 16 types of health related
community resources across 38 350 small area units in New
Zealand. The application has the flexibility to measure and
map access to community resources at varying spatial scales
and for different travel modes.

Policy implications

The methodology can be used to:

N Investigate the association between area level depriva-
tion and community resource access;

N Identify localities that are multiply disadvantaged in
terms of community resource provision making it a
valuable tool for intersectoral service and amenity
planning;

N Identify the relations between access to specific types of
community resources and health outcomes to inform
locality based health promotion strategies.

394 Pearce, Witten, Bartie

www.jech.com

 on 18 April 2006 jech.bmjjournals.comDownloaded from 

http://jech.bmjjournals.com


local neighbourhoods have an independent effect upon a
range of health outcomes. We anticipate that the index will
be a valuable tool in redressing the lack of systematic work
examining which aspects of an area of residence influence
which facets of health45 by providing more closely specified
causal models, which will allow a priori theoretical models to
be tested rather than using off the shelf but conveniently
available data. Ultimately we anticipate that the index will
help to elucidate what has been described as the ‘‘black box
of place’’.27
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