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Abstract
Background: This study aimed to examine cross-sectional relationships between objective measures of the built environment (neighborhood walkability and access to
and availability of public open spaces including the coast) with self-reported physical
activity in adults residing in Auckland, New Zealand. Methods: A telephone survey
captured self-reported physical activity and socio-demographic information from
adult residents from randomly selected households. Robust approaches were employed to deriving and “ground-truthing” objective built environment measures
around individual addresses. Multivariable binary logistic regression models were
used to examine the associations between environmental factors and being classified
as accumulating sufficient physical activity or otherwise. Results: A total of 1986
participants agreed to participate. Compared with those with no coastal access points
within an 800 m street network buffer of their residence, those with 1 - 2 access
points were 1.45 times more likely to be classified as sufficiently active (95% CI 1.08,
1.94, p = 0.05). Compared with individuals with no coastal settings within their
neighborhood buffer, those with at least two coastal settings in their neighborhood
were significantly more likely to be sufficiently active (p = 0.03). Conclusion: Access
to, and availability of, coastal places were important associates of accumulating sufficient activity for health in this population.
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1. Introduction
Neighborhood design is increasingly recognized as a means to encourage healthpromoting levels of physical activity in adults, primarily through transport-related
physical activity (i.e., walking or cycling for transport) and recreational physical activity
(e.g., playing sports at local fields). Associations between physical activity and measures
of “walkablity” (e.g., street connectivity, residential dwelling density) have been demonstrated [1]. The presence of resources and settings (e.g., open spaces, facilities) for
residents to participate in physical activity may also encourage activity [2] [3].
One area that has received little attention to date is that of coastal access. Research
that has been conducted has shown positive relationships with general and mental
health [4] [5] with physical activity hypothesized to contribute to these relationships.
Indeed, coastal proximity has consistently been associated with physical activity and
meeting recommended levels of physical activity for health [6] [7] [8]. To date, measures of coastal access have been relatively broad, and limited to Euclidean (linear or
straight line distances) distances to the coast, or residing within a postcode that includes coastal land, which may not accurately represent areas that are accessible from
the individual’s residence [9]. The use of network buffers (using street and/or pathway
networks), to create an area that encompasses everything that is within a set distance
along that network from the residential address improves on earlier approaches, providing more representative indications of the area that an individual can readily access
from their residential address.
To some extent, this field can also be hindered by variability in GIS database quality,
which can have a significant impact on the results of any GIS analysis [10]. Accordingly
it is important to determine the providence, accuracy and currency of GIS data, however there is a dearth of research that reports rigorous checking and cleaning of these
data. New Zealand has been recognized as having developed some of the best GIS databases internationally; in particular, North Shore City Council (NSC) received an international award for their on-line GIS web-pages in 2004 from the United States Environmental Systems Research Institute.
The aim of this study was to build on earlier research by: 1) undertaking rigorous
cleaning and checking of GIS databases, and 2) examining associations between physical activity and a range of objectively derived measures using a street network plus
access-way neighborhood buffer, and including coastal access and coastal availability as
key factors of interest.

2. Methods
2.1. Protocol
This was a cross-sectional study of a representative sample of adult residents of NSC,
Auckland, New Zealand. A computer-aided telephone (CATI) survey was conducted in
2005 to capture self-reported physical activity behaviors and socio-demographic information. Using residential addresses the survey data was linked to a NSC spatial database, containing information about street networks, local neighborhood features, and
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recreational facilities. Ethical approval to conduct the research was provided by the
Host Institution’s ethics committee. All participants provided informed consent prior
to participating.
The CATI was conducted with an age and sex stratified sample of NSC residents
aged 16 years and over. Inclusion criteria were: residents of NSC, aged 16 years and
over, fluent in English, and contactable by residential telephone. Randomly selected
households from an electronic version of the local telephone directory were telephoned
a maximum of five times until contact was made. Quotas were set up for age group
(16 - 29, 30 - 44, 45 - 59, 60+ years) and sex strata, based on data from the 2001 census
for NSC. An English-speaking person with the next birthday from the household and
whose inclusion did not exceed the quota for their age and sex stratum was invited to
participate in the survey. A sample size of 2000 completed surveys was calculated to allow
for adequate population estimates to be made within a ±3% confidence for estimating
even proportions by sex, and selected age, ethnicity, and socio-demographic variables.

2.2. Measures
Survey data
Physical activity and demographic information were extracted for the purposes of
this examination as follows:
Residential address: Participants were asked for their full residential addresses, or if
unwilling to give the full address, to provide the nearest major street intersection. Participants with a full residential address were geo-coded to the given address, utilizing a
cadastral database of addresses for NSC provided by NSC Council. In a few cases where
the exact street number provided did not exist on the database, they were allocated to
the next street number that existed. Participants who gave no street number were randomly allocated without replacement to an address on the recorded street and suburb.
Those who gave a cross street were randomly allocated to an address within a half block
of the major intersection.
Demographic information: sex (male, female), ethnicity group (classified using
priority classifications as follows: Māori, Pacific, Asian, European, other [11]), age
group, presence of any chronic health conditions (yes/no), household income group
(reported in bands of NZ$20,000, up to >$140,000 per annum), highest educational qualification (no qualification, secondary qualification, tertiary qualification, university
degree, or currently studying), marital status (single, married/living with partner, separated/divorced, widowed), and perceived access to motor vehicle (none, limited, frequent, unlimited) were self-reported.
Physical activity was self-reported using the New Zealand Physical Activity Questionnaire [12]. Physical activity was classified into a binary outcome: 1) sufficiently active (i.e., meeting recommended levels of physical activity), or 2) insufficiently active
(did not meet the recommended levels of physical activity). To be classified as sufficiently active, participants need to accumulate either: three or more 20-minute sessions
per week of vigorous activity marked by elevated respiration and heart rate (e.g., jog275
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ging); or five or more 30-minute sessions per week of moderate aerobic activity (e.g.,
brisk walking) [13].
GIS source data
NSC and Auckland Regional Council provided GIS information on the local environment, which was incorporated in the GIS database, including street network,
access-ways, open spaces, property boundaries, and building zones. Additional data
were included from the national census database for 2006 (to align most closely with
the survey dates) on the New Zealand deprivation index, and population and household
density (available at the meshblock level, the smallest census geographical unit; equating to, on average about 100 residents).
Calculation of individual neighborhood boundaries
An 800 m street network plus access-way (paved walkways between streets) buffer
was calculated around individual addresses that incorporated all points that could be
reached by both the street and access-ways within the specified distance (Figure 1).
Where the local neighborhood encompassed the coast or major waterways, the area was
trimmed to include only the relevant land area.
Walkability measures
This research examined separate elements of the walkability index [14], as outlined
below.
Street connectivity: density of intersections of three or more streets per square kilometer.
Residential density: number of households per residential zoned area (km2).
Land-use mix was calculated using an entropy index, which utilizes the proportion
of land area in each land-use category to measure the homogeneity or heterogeneity of
land-use.
Retail floor area: There were issues with the calculation of retail floor area with the
available data for NSC. In particular, NSC did not have a land-use classification for retail sites only. Therefore, the available estimates of retail floor area were not considered
sufficiently reliable for inclusion in this research.
Destinations
Coastal Access: Not all beach access points were readily identifiable from only the
street and access-way network data. Street networks and high-resolution aerial maps of
the region were manually reviewed, in order to identify all the points where the coast
was publicly accessible from the street network.
Open Spaces were classified as: community recreation, destination, natural environment, coastal, neighborhood, utility, and civic. Additional open spaces that were
operated over the Auckland region or privately owned but open to the public were not
in the database, but were manually added and classified as appropriate into the above
categories. The open space map layer was overlaid with the recreation district plan map
layer to confirm concordance between the two layers. A number of data quality issues
were resolved including missing data and misclassification of setting use. Utility open
spaces (drainage, road verges, etc.) and open spaces less than 100 square meters in size
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N. Garrett et al.

Figure 1. Map of north shore city street and access-way networks.

(and not adjoining other open spaces) were excluded.
Facilities: Initially, facilities in NSC were identified through databases managed by
NSC Council, the local community boards within NSC, and Harbour Sport (the regional public organization that facilitates and coordinates local sports activities). Additional
facilities and information from the local telephone directory of businesses and website
searches were incorporated. The initial database was then validated by phone contacts
with all identified facilities. All sites were then linked to the NSC cadastral database
(survey of legal boundaries and property areas and dimensions). This final database was
then incorporated into an on-line database (maintained by NSC), for residents to locate
any local facilities. After a year of the database being on-line, five new premises were
added to the database and two were identified as no longer operating. A copy of the final database was extracted and used as a comprehensive list of facilities in NSC for this
277
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research. As a quality check, the database was compared with GIS databases sourced
from NSC on open spaces, sports fields, courts and greens, and data collected as part of
an environmental audit of the city. Several errors in the database were identified and
corrected (e.g., incorrect classifications, missing destinations).

3. Data Analysis
Two measures were developed for examining associations with physical activity facilities and destinations (coastal access, open spaces): 1) shortest distance from the residential address to the closest facility was calculated using Network Analysis within
ArcGIS software version 10 (www.esri.com), and 2) the number of facilities within an
800 m buffer (using the street network plus access-ways) of the residential address was
calculated using spatial analysis tools within ArcGIS. Descriptive maps were generated
and presented in the GCS_NZGD_2000 geographic co-ordinate system and New Zealand Transverse Mercator projected coordinate system.
Multivariable binary logistic regression models were used to examine the associations
between environmental factors and being classified as accumulating sufficient physical
activity or otherwise. Sampling weights for the statistical analysis were calculated using
the sample selection probabilities and post-stratification weighting to adjust for differential non-response. All models were adjusted for sex, ethnicity group, age group,
presence of any chronic health conditions, household income group, education, marital
status, access to motor vehicle, and sampling weights. All environmental measures were
categorized into quartiles. Analyses were conducted using SAS version 9.1 (www.sas.com),
and a significance level of α = 5% was used for all statistical tests. Analyses and presentation of this paper was informed by the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [15].

4. Results
Of the 9197 phone numbers contacted, a total of 6028 were residential telephone numbers within NSC boundaries. When the residential suburbs of the 2000 participants
were examined, 1986 were sited within the boundaries of North Shore, equating to a final response rate of 33% (1986/6028). In order to preserve their anonymity, suburb information only was available for residents who declined to participate. This information was used to calculate response rates for each suburb to identify if there was any
geographic bias in the response rates. Overall, the response rates were consistent across
suburbs. Of the 1986 addresses gathered, 1607 (81%) were able to be exactly geo-coded
due to reporting of complete addresses, 4% to the next available address because the
reported street number did not match any address in NSC cadastral database, another
4% to within half a block of the nearest cross street. Overall, 11% were randomized
without replacement within the reported street and suburb.
Participant characteristics are provided in Table 1. The distribution of participant
demographics was similar to that of the NSC census population in 2006. Due to low
numbers of participants identifying as Pacific or Māori ethnicity, and because the
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Table 1. Participant demographic information (n = 1983).
Variable

N

(%)

Male

877

(44.2)

Female

1106

(55.8)

16 - 29

405

(20.4)

30 - 39

401

(20.2)

40 - 49

448

(22.6)

50 - 59

331

(16.7)

60+

398

(20.1)

Māori/Pacific

106

(5.3)

European

1647

(83.1)

Sex

Age group

Ethnicity

Asian

154

(7.8)

Other

63

(3.2)

Not reported

13

(0.7)

Marital status
Single

451

(22.7)

Married/living with partner

1229

(62.0)

Separated/divorced

186

(9.4)

Widow/er

109

(5.5)

Not reported

8

(0.4)

Any chronic conditions
No

1530

(77.2)

Yes

453

(22.8)

0 - 20,000

183

(9.2)

20,001 - 40,000

263

(13.3)

40,001 - 60,000

285

(14.4)

60,001 - 80,000

295

(14.9)

Household income (NZ$)

80,001 - 100,000

232

(11.7)

100,001 - 140,000

249

(12.6)

>140,000

179

(9.0)

Not reported

297

(15.0)

Education
No qualification

199

(10.0)

Secondary school qualification

487

(24.6)

Tertiary (university, tech) qualification

540

(27.2)
(34.3)

University degree

681

Currently studying

67

(3.4)

Not reported

9

(0.5)

Unrestricted

1607

(81.0)

Frequent

228

(11.5)

Limited

63

(3.2)

None

85

(4.3)

Motor vehicle access
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physical activity profiles of these two groups were similar (data not reported), these
ethnic groups were combined for the purpose of adjusting for confounding in the modeling.
Results from the multivariable binary logistic regression analyses are presented in
Table 2 and Table 3. No significant associations were observed between being classified as sufficiently active and any of the walkability variables or distance or number of
facilities within 800 m of the residential address. Coastal access and coastal availability
(having two or more coastal open spaces within the neighborhood buffer) were the only
factors associated with being sufficiently active.

5. Discussion
Coastal accessibility and availability (number of access points and number of coastal
open spaces within the neighborhood buffer, respectively) were the only associates of
being classified as sufficiently physically active for health in the current study. This is
consistent with previous research from Australia and the United Kingdom [6] [7] [8].
This study builds on earlier research by using a more precise measure of coastal access
(i.e., distance via street network to access points rather than residing in a postcode that
included coastal land, or Euclidean distances to the coast). Additionally, access was
considered in terms of proximity to destinations within the “walkable” neighborhood.
It is possible that the high prevalence of coastal access and availability in the current
study region overrode the impact of other open spaces on residents’ activity levels. Inconsistent findings have been reported regarding accessibility to other open spaces and
physical activity [16] [17]. Previous research in New Zealand by Pearce et al. [18]
showed no associations between physical activity and objective accessibility measures
for beaches, parks, or leisure facilities. However, this study used national databases of
parks and beaches and measured the street network distances to the destinations, calculated from the population-weighted centroid of the smallest census unit of meshblock, which equates to approximately 100 residences. In contrast, the current study
utilized local council open-space data and an audit of NSC to identify all open spaces
and street network distances from residential addresses to destinations.
No significant relationships were observed for any of the walkability measures. Inconsistent results have been observed in previous research, with positive relationships
observed in New Zealand and internationally, particularly for street connectivity and
residential density [1] [19] [20], while other international research has shown small or
no associations between these measures and total physical activity [21] [22] [23].
In part the current study findings could also be due to a lack of variability in land-use
mix and residential density across NSC. The city was initially predominantly a rural region, with small coastal settlements that were primarily vacation or daytrip destinations, linked to central Auckland by ferries. The construction of the Auckland Harbour
Bridge in 1959 opened up the region for development and resulted in parts of NSC becoming primarily a dormitory town for people working in the Auckland CBD or further south. NSC has since developed into a more self-contained city, but still has the in280
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Table 2. Associations between meeting recommended levels of physical activity and urban design characteristics, using an 800 m street
network plus access-way buffer.

Street connectivity
(n intersections/km2)

Residential density
(n households per km2)

Land-use mix
(Entropy Index)

Number of coastal
access points within buffer

Distance to closest
coastal access point

Number of open
spaces within buffer

Distance to closest
open space

Number of
facilities within buffer

Distance to closest
facility (m)

Quartile ranges

n

Sufficient PA (%)

OR†

(95% CI)†

0.0 - 28.5

495

60.6

1.00

-

28.6 - 35.3

496

58.5

0.97

(0.75, 1.26)

35.4 - 41.8

496

63.1

1.14

(0.88, 1.49)

41.9+

496

63.1

1.13

(0.87, 1.47)

9 - 851

496

60.5

1.00

-

852 - 1002

496

61.9

1.03

(0.79, 1.35)

1003 - 1094

496

59.7

0.91

(0.70, 1.19)

1095+

495

63.2

1.13

(0.87, 1.48)

0.00 - 0.13

495

59.8

1.00

-

0.14 - 0.24

496

62.1

1.07

(0.82, 1.40)

0.25 - 0.36

496

63.7

1.20

(0.92, 1.57)

0.37+

496

59.7

1.00

(0.77, 1.30)

0

1262

58.9

1.00

-

1-2

263

66.9

1.45

(1.08, 1.94)

3-4

278

63.7

1.20

(0.90, 1.59)

5+

180

66.7

1.29

(0.92, 1.81)

0 - 537

497

67.4%

1.00

-

538 - 1278

495

59.0%

0.72

(0.55, 0.95)

1279 - 2342

496

60.5%

0.77

(0.59, 1.01)

2343+

495

58.4%

0.72

(0.55, 0.95)

0-3

630

58.3

1.00

-

4-5

593

60.9

1.04

(0.82, 1.32)

6-7

396

64.3

1.17

(0.90, 1.53)

8+

364

61.2

1.20

(0.91, 1.58)

0 - 136

497

65.2%

1.00

-

137 - 255

495

58.8%

0.74

(0.57, 0.97)

256 - 394

497

61.4%

0.87

(0.66, 1.13)

395+

494

59.9%

0.78

(0.60, 1.02)

0-2

733

59.5

1.00

-

3

357

62.8

1.15

(0.88, 1.50)

4-5

505

62.8

1.13

(0.89, 1.44)

6+

388

61.6

1.11

(0.86, 1.45)

0 - 171

497

62.4

1.00

-

172 - 315

496

63.1

1.01

(0.77, 1.31)

316 - 496

497

58.6

0.81

(0.63, 1.06)

497+

493

61.3

0.93

(0.72, 1.22)

p-value

0.52

0.46

0.48

0.05*

0.06

0.48

0.14

0.67

0.36

Notes: OR, odds ratio; PA, physical activity; *Significant at p < 0.05; † Adjusted for age, sex, ethnicity, household income, education, any chronic conditions, marital
status, access to motor vehicle, and sample weights.
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Table 3. Associations between sufficient physical activity and (a) number of open spaces in the 800 m street network plus access way
buffer and (b) distance from residential address to closest open space, by type of open space.
(a) Number of open spaces in 800 m buffer
Type of open space

N
0

1557

60.1

1.00

1

265

65.3

1.27

2

121

69.4

3+

40

0

95% CI†

p-value

Distance
(m)

%

N
Sufficient OR†
participants
PA

95% CI†

0 - 884

47

65.4

1.00

(0.96, 1.69)

885 - 1677

495

59.4

0.77 (0.59, 0.99)

1.40

(0.93, 2.11)

1678 - 2533

497

61.6

0.88 (0.68, 1.15)

57.5

1.03

(0.53, 1.98)

2534+

494

58.9

0.74 (0.57, 0.96)

1344

59.3

1.00

7 - 645

497

66.2

1.00

1

251

61.4

1.08

(0.81, 1.45)

646 - 1355

495

60.2

0.76 (0.58, 0.99)

2

191

68.1

1.50 (1.08, 2.10)

1356 - 2314

496

60.9

0.80 (0.61, 1.05)

3+

197

68.5

1.44 (1.04, 2.01)

2315+

495

58.0

0.73 (0.56, 0.96)

0

983

60.8

1.00

5 - 479

497

58.8

1.00

1

573

63.2

1.12

(0.90, 1.40)

480 - 796

496

64.5

1.27 (0.97, 1.65)

2

338

61.8

1.04

(0.80, 1.36)

797 - 1294

495

63.4

1.18 (0.91, 1.54)

3+

89

52.8

0.75

(0.48, 1.17)

1295+

495

58.6

0.99 (0.76, 1.28)

0

1657

61.2

1.00

0 - 1161

497

59.6

1.00

1

178

64.6

1.11

(0.80, 1.55)

1162 - 2138

496

63.9

1.23 (0.95, 1.61)

2-3

93

57.0

0.87

(0.56, 1.35)

2139 - 3146

495

61.8

1.12 (0.85, 1.45)

4

55

61.8

0.98

(0.55, 1.74)

3147+

495

60.0

1.03 (0.78, 1.34)

0

725

61.1

1.00

0 - 300

496

62.3

1.00

1

495

60.4

0.98

(0.77, 1.24)

301 - 608

496

60.5

0.88 (0.68, 1.15)

2

522

62.8

1.09

(0.86, 1.39)

609 - 1005

497

63.8

1.09 (0.83, 1.42)

3+

241

60.6

0.99

(0.73, 1.35)

1006+

494

58.7

0.83 (0.64, 1.08)

0

633

63.0

1.00

0 - 353

497

60.0

1.00

1

542

60.3

0.88

(0.69, 1.12)

354 - 587

495

60.4

1.00 (0.77, 1.30)

2

407

60.9

0.94

(0.72, 1.23)

588 - 908

496

61.3

1.02 (0.78, 1.32)

3+

401

60.4

0.94

(0.72, 1.23)

909+

495

63.6

1.13 (0.87, 1.48)

Civic

Coastal

Community
recreation

Destination

%

N
Sufficient OR†
participants
PA

(b) Distance to closest open space

Natural
environment

Neighbourhood

0.18

0.03*

0.36

0.84

0.85

0.79

p-value

-

0.10

-

0.11

-

0.16

-

0.40

-

0.18

-

0.75

*Significant at p < 0.05; Adjusted for age, sex, ethnicity, household income, education, any chronic conditions, marital status, access to motor vehicle, and sample
weight.
†

frastructure from its earlier developments [24]. Consequently, there are only a few
small areas of very high-density housing, and generally good separation of commercial,
rural, and residential areas. Conversely, the historical development of NSC has resulted
in considerable variability in connectivity with older settlements’ street networks being
developed in a highly connected grid-like pattern, whereas the newer developments
from the 1960s onwards developed less connected, cul-de-sac designs that were popular
at the time.
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Strengths and Limitations
Key strengths of this research are the large, locally representative sample size, the use of
a street network plus access-way neighborhood buffer, and the overall quality of the
NSC GIS databases for street networks, open spaces, and the development of a comprehensive physical activity facility database. The quality of the GIS databases and developments of GIS software have enabled the calculation of reliable measures of the local environment.
The use of network buffers for connectivity does raise some issues in that as the network connectivity actually drives the size of the network buffer, the connectivity measures are potentially over-inflated. The calculation of the entropy index measure of
land-use mix in this research was also limited by the categories of land-use that were
available. As demonstrated in recent research [25], the combination of land-use mix
categories can have a major impact on associations.
As this was a cross-sectional study, causality cannot be inferred. Although we controlled for socio-demographic factors in modeling relationships between environmental
factors and physical activity, we did not specifically assess individual or social factors
and their influence on this relationship. In their examination of 1803 Australian adults,
Giles-Corti et al. [26] found that while use of the beach was significantly related to spatial access, sufficient physical activity was not associated with spatial access to natural
facilities (including the beach). Instead, the associations were greatest for individual/
cognitive factors as compared with social or physical environment factors. We did not
consider the possible mediating effect of visitation on the relationship between access
and physical activity. A population study of adults in the United Kingdom showed that
after accounting for visitation, the gradient observed between coastal proximity and
physical activity disappeared [8].
Self-reported physical activity behaviours are notoriously subject to self-report bias,
including issues around recall, comprehension, and social desirability bias [27] [28].
Evidence for validity and utility of the New Zealand Physical Activity Questionnaire has
ben demonstrated [12]. However, it is worth noting that in New Zealand adults, comparisons between the International Physical Activity Questionnaire or New Zealand
Physical Activity Questionnaire and objective measures of physical activity have shown
low levels of agreement at the individual level, particularly for higher intensity activities
[29] [30]. Accordingly, data were examined at the group level, and focused on accumulation of sufficient levels of physical activity for health, rather than a more discrete
measure of physical activity. Results cannot be directly compared with studies that have
employed objective measures of physical activity.
Neighborhood self-selection was not assessed in the current study and may have impacted findings. Analyses were limited to examining associations with built environment features in isolation; future research may benefit from simultaneous investigation
of multiple built environment characteristics (e.g., latent profiling) to garner a more
complete understanding of neighborhood profiles that can promote or limit physical
activity [31].
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6. Conclusion
This research demonstrates that for the population of NSC, Auckland, New Zealand,
coastal access and availability is related to residents accumulating health-promoting levels of physical activity. Maintaining and improving coastal access in neighborhoods
where this is feasible may be worthwhile for promoting physical activity.
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