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Abstract

Aims To use a geographical information system (GIS) approach to demonstrate the
extent to which different areasin New Zealand vary in their geographical access to
GPs, and to analyse the extent to which spatial access variesin relation to different
population groups.

Methods Three methods; population/GP ratios, least cost path analysis (LCPA), and
an allocation method (which considered the capacity constraint of GPs) were used to
demonstrate differences in geographic accessibility to GPs. Travel time, and distance
to the closest GP, was calculated for every census enumeration district in New
Zedland (n=38336)—thus enabling population-based accessibility statistics to be
calculated and aggregated to the territorial local authority level. These calculations
include the average travel time if everybody visited a GP once and the population
more than 30 minutes from a GP. The composition of this population is analysed
according to three criteria of need: the level of deprivation (NZDep2001), ethnicity
(YoM aori), and age (% <5 years, and %65 years and over).

Results There are significant regional variations in geographical accessibility in New
Zedland, and these differences are dependent upon the method to calculate
accessibility. Ratio measures give a different picture of GP access than the other two
indicators, reflecting the fact that TAswith similar ratios often have wide variations in
travel times as well as the size and proportion of the population living more than 30
minutes from the closest GP. TAs with larger numbers and a higher proportion of
their populations living in such areas tend to be more deprived and have a higher
proportion of Maori, especialy in the North Island. There appears to be no significant
trend by age.

Conclusion Given the health and service consequences of poor access, the results
suggest that more attention needs to be paid to extending the spatial information base
in primary care, in order to achieve more effective planning of services for
disadvantaged populations.

Accessible and appropriate health services for people living in rural areas remains an
issue of ongoing concern. The implementation of the Primary Health Care Srategy,
together with the more recent development of primary health organisations (PHOS),
both build on earlier government policies designed to improve the level and continuity
of service provision in rura areas.*> While such developments provide an opportunity
to improve the effectiveness and sustainability of rural primary health care services, a
number of important questions remain. These include problems of funding rural care,
difficulties in attracting GPs and other health professionals to isolated rural areas,
problems of high doctor turnover and continuity of care, as well as the influence of
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geographical and financial barriers, which may serve to limit the utilisation of needed
services>*

New Zealand, with its rugged physical environment and dispersed rural population,
poses particular problems for the location and use of services. An important
requirement, therefore, is to develop quality information systems that highlight the
physical accessibility of primary care, and the extent to which this access varies for
particular rural population groups.”

Improving the quality of information on accessibility to rural primary health careis
also an important requirement for effective decision-making by PHOs and District
Health Boards (DHBS). The objective of this paper, therefore, is two-fold:

To use a geographical information system (GIS) approach to demonstrate the
extent to which different areasin New Zealand vary in their geographical access
to GPs, and

To analyse the extent to which spatial access varies on the part of different
population groups.

The Rural Expert Advisory Group’s report, Implementing the Primary Health Care
Strategy in Rural New Zealand. A Report from the Rural Expert Advisory Group to
the Ministry of Health, has indicated that high levels of deprivation are a feature of
some rural regionsin New Zedand, and that the extra travel costs that rural people
incur make access to primary health care services particularly difficult for the people
of these communities®

Therefore, an important task is to identify those areas where problems of physical
accessibility to GPs are compounded by increased needs for care and conditions of
rural disadvantage.

M ethods

A geographical information system (GIS) was used to measure geographical (physical) accessibility to
GPs. Three key methods were compared. First, popul ation/GP ratios were calculated for each of the 73
Territorial Local Authority areasin New Zealand (using full-time equivalent GP data for the year 2000
provided by the Ministry of Health and population data from the 2001 Census).

Second, since population/GP ratios are only a crude measure of geographical access, two further
methods were used: |east cost path analysis (LCPA) and an all ocation technique that considers the
number of GPs available and how many people a GP can service. Both methods represent an
improvement on traditional ratio measures of GP access, as they involve more detailed cal cul ations of
travel distances and travel times. In addition, they are not constrained by area boundaries and
aggregation problems of ignoring the intra-district location of GPsrelative to their patients.

LCPA involved calculating aleast cost path algorithm to determine the shortest travel distance and
time between each of the 38,336 census meshblocks (origin nodes) in New Zealand, as well asthe
closest GP practice (destination nodes). Network analysis capabilitiesin ARC/INFO were used to
calculate accessibility. The nodedistance command computes distances between all possible
combinations of origin and destination nodes viathe New Zealand road network.

In this study, nodes closest to the meshblock centroids were the origin nodes and nodes closest to GP
practices (n=1390 practices representing 3614 GPs) were the destination nodes.

To identify the closest GP for a given Census centroid, we cal culated the minimum distance for each
origin to each destination. The minimum distance to the closest GP for each centroid was the sum of
three calculations; the network distance, plus that from the meshblock centroid and GP surgery to their
closest road nodes, respectively.
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The process for calculating the minimum travel timeto the closest GPis similar, except road travel
timeisused instead of distance. Estimated road travel times were based on whether the road was inside
or outside an urban area, number of lanes, condition of the road surface (sealed versus unsealed), and
the bendiness (sinuosity). The road travel times, while similar to those published by the New Zealand
Automobile Association, do not take account of the effects of travel congestion or seasonal differences.
Full details of their derivation and limitations are given in Brabyn and Gower.’

Since the population characteristics of each Censusmeshblock are known, it was also possible to
calculate average travel times. Thiswas accomplished by multiplying the population of each centroid
by the travel time of the centroid (to determine the total time spent travelling if everyone represented
by the centroid visited the closest GP once). To calculate the total travel time, these values were then
aggregated to the level of the TA. The average travel time was obtained by dividing thistotal by the
TA population.

While LCPA approaches represent an improvement on ratio methods of determining geographic access
to GPs, they can be misleading because not all patients choose to use the closest GP.2 LCPA, therefore,
provides estimates of optimum rather than actual travel distances and times. Furthermore, it ignores the
fact that some GPs have multiple practices, especially in rural areas where these may also be partly
staffed by other health professionals for part of the time. LCPA also neglects the capacity of a GP
practice to service the surrounding popul ation.

Many people may be unable to get an appointment because the GP is servicing alarge population and
hence may choose another provider, especially in more densely populated areas where other
aternatives are available. Despite this caveat, an allocation method was also used to estimate variations
in GP access. Thisinvolved allocating potential patients to the closest GP practice until the practice
reaches a specified capacity level. The model then finds the next closest GP practice. Once a
population has been allocated a GP, the network travel time and distance is cal cul ated.

The capacity used in this study was 1400 patients per full-time GP—which is the number used by the
Ministry of Health for afull-time work load.? The output from the allocation method is similar to

L CPA except for the addition of a capacity constraint. However, the allocation method is also limited
because of its assumption of a uniform capacity constraint, which clearly varies between GPs
especially depending upon their gender and age.™

Both the LCPA and allocation analyses enabled estimates of the total population with poor geographic
access to GPs to be calculated. For the purposes of this analysis, a 30-minute threshold was chosen.
Thirty minutesisalong timeto travel to a GP and, given the results of US research,'! most persons
would have expressed dissatisfaction at having to travel for thislength of time.

The three methods are first compared, followed by the analysis of the popul ation composition of rural
areas remote from GPs. Four measures of population need are considered; the 2001 New Zealand
Deprivation Index (NZDep2001'?), the proportion of the population of Maori ethnicity, and two
indicators of age (percentage lessthan 5 years old, and the percentage aged 65 years and over). These
measures enabl e the assessment of population groups that are particularly vulnerable to poor
geographical access.

The method outlined above contains generalisations that can skew the results but are necessary for
practical reasons. First, meshblocks are represented by one central point, and the location of this point
may not accurately depict the population distribution within the meshblock (which will be a problem
with large rural meshblocks found in the South Island). There is anew data set being developed in New
Zedland (called LandOnLine) that contains address points, which will map the location of every
letterbox in the country. This data set has been completed for many TAs and can be used to represent
the population distribution within a meshblock.

Preliminary analysis using the geographical mean of the address points within a meshblock shows that
travel times are 2—-3% less than with meshblock centroids. Therefore, the method used for this study
overestimates travel timesfor rural areas. The second generalisation used by the method isthat it only
considerstravel speeds during normal flow and does not consider traffic congestion that is happening
in urban centres during rush hour traffic.

A temporal dimension to accessibility would be a worthwhile research endeavour if data on travel
speeds at different times of the day were known.
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Resaults

Comparison of the three techniques as indicator s of GP access—Figure 1 shows
the population/GP ratios by TA, while Figures 2 and 3 show the population more than
30 minutes from a GP using the LCPA and allocation models.

Figure 1: Population (by territorial authority) per GP

Population per GP

] 900 - 1150
B 1150 - 1500
B 1500 - 2343
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Figure 2: Population (by territorial authority) more than 30 minutes from a GP;
using L CPA (least cost path algorithm)
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Figure 3: Population (by territorial authority) more than 30 minutes from a GP;
using an allocation model

0 - 500
[ 500 - 2000
B 2000 - 3000
B <000 - 10000

There are many other statistics that can be generated from the LCPA and alocation
models (including the average travel time, total travel time, and travel distance);
however, these statistics can be misleading as the average travel time does not
consider the population affected by thistime.
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Furthermore, a region may have a high average travel time but only have alow
population. For example, Westland District has a high average travel time (20.8
minutes—based on the allocation model) but only has a population of 8,091.

It would therefore be inappropriate for the Government to use only average travel
time as a basis for funding. It is possible to present the total travel time for each
district and use this for a comparison. However, this statistic is high for populated
cities because of the large populations even though the average travel times are less
than three minutes. The population more than 30 minutes from a GP is therefore the
preferred statistic to use when representing geographical access.

The results generated from the LCPA and allocation models can be represented at a
range of scales from individual meshblock units to national statistics. The average
travel time to the GP for the whole of New Zealand is 4.6 and 5.9 minutes for the
LCPA and allocation models respectively.

The population more than 30 minutes from a GP for the whole of New Zealand is
70,833 and 122,034 for the LCPA and allocation models, respectively. To compare
regional variations in accessibility across New Zealand, it is necessary to choose a
scale where the number of regions is manageable, and where the regions are not too
large so that important variations within a unit are generalised.

Figures 1, 2, and 3 were compiled according to territorial authority (TA) regions,
which is agood compromise. District Health Board regions could also be used but
these cover large areas and there are significant variations within them as shown by
the territorial authority scale.

A visua comparison of the models (Figures 1-3) shows that they al provide a
different representation of access. Specifically, there is weak correlation between
‘population per GP' and the LCPA and allocation models (0.14 and 0.17,
respectively). However, thisis to be expected given that they are completely different
methods for measuring accessibility.

Population per GP does not consider the distribution of the population or the GPs
within a particular TA whereas the LCPA and allocation models are not constrained
by area boundaries in the same way that the population per GP method is. Rather,
times from GP locations to the closest population enumeration point are cal cul ated.
The effect of this difference can be seen in the comparative results for Waikato
District. Using the population per GP method, Waikato District has the highest ratio
(2343 people per GP). However using LCPA and calculating population (more than
30 minutes travel time from a GP), the district is mid range in its accessibility (33 out
of 73).

This disparity is because many of the GPs that service the Waikato District are located
in the city of Hamilton and towns of Cambridge and Morrinsville, which are all

within 8 km of the Waikato District boundary. Waikato District is predominantly a
rura district that is serviced by Hamilton City, which hasits own TA status. This
detail is neglected in the ratio method.

There is a strong correlation between the LCPA and allocation models (0.88), which
is expected since the methods are similar. Where there is a significant variation
between these models, then this indicates that functional access is a problem.
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Selwyn District and Waikato District have substantial differences between these
models (3432 and 3303 people respectively) and there are 17 TAs with differences
between the models of over 1000 people. All these TAs can be characterised as rural.
Virtually all the mgjor urban TAs have no difference between the LCPA and
allocation models. As expected, the population more than 30 minutes from a GP using
the allocation model is either equal or more than the LCPA model.

The LCPA and allocation models use travel time that only includes actually time
spent travelling by car and not time spent loading the car and finding a park. The
travel time in cities appears very low but the travel distance is on average less than
one kilometre. It needs to be emphasised that this analysis is intended to produce
general statistics rather than assessment of individual travel times.

LCPA and allocation models produce results that clearly differentiate between urban
and rural districts. Urban territorial authorities have low travel times, as there tends to
be many GP services within a sort distance. Conversely, high travel timesin rura
districts describe the dispersed characteristics of populations and concentrated GP
locations in provincia towns.

Variations between rural districts reflect differences in population distribution, which
in turn is related to land-use, livelihood, and topography. For example, the Far North
Didtrict islong and narrow with a large population living outside of service towns.
Conversely, the Waikato District has a high rural population but also a high number
of service towns.

GP access by population group—While rura regions are more likely to have
problems of access to key services, an important question is the extent to which
problems of GP access vary between TAs depending upon their population
characteristics. LCPA and alocation models combined with the NZ Deprivation
Index (a score of 10 isthe most deprived) and census data has been used to produce a
range of statistics for different ethnic, age, and deprivation groups—and this was
completed for each TA and DHB.

This produces large tables that are not possible to present in ajournal publication.
Table 1 was generated from the allocation model and provides a sample of this data. It
includes the Far North District and Southland District, which have the highest
population that is more than 30 minutes from a GP. They are aso geographically
separated as they are at opposite ends of the country. For comparison, Table 1 also
shows two urban TAs (Waitakere City (which is part of Auckland), and Christchurch
City) and statistics for the whole of NZ. The average travel time for the different
population groups is aso presented.

At anational level, there are variations in geographical access for the different
population groups, however these do not appear to be significant (thisis statistically
demonstrated in Table 2, which is discussed |ater).

If people are split into two groups—wealthy (NZ Dep 1-3) and poor (NZ Dep 8-10)—
then it can be said that wealthy people generally have higher travel timesto GPs (as
many wealthy people purchase lifestyle blocks on the outskirts of cities, and due to
the existence the wealthy farming communities.

Table 1. Accessibility to GPs by different population groups
(Click hereto view Table 1)
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Elderly people generally spend less time travelling to their GP and this can be
explained by the deliberate move many retired people make to be closer to health
services. The under 5 years group appear to be close to the average. Maori people
have higher travel times, on average, which can be explained by the rural nature of
many Maori communities. As for Pacific Islanders, they have less travel time (on
average), and this can be explained by the large, urban Pacific Iland population in
Auckland.

When different TAs are studied, there can be significant variations to these trends. It
is clear from Table 1, that there is no significant problem with geographical access for
any of the population groups in the two urban TAs, both in terms of the absolute
number of people and as percentages. Thisis the case with al the urban TAs. In the
Far North District, there is a complete reversal of the national trend in terms of
wealthy and poor people, although the absolute population of wealthy peopleislow
(2454). However, Southland District supports the national trend.

Table 2 illustrates correlations between three measures of GP access and the
socioeconomic characteristics of al TAs, and aso provides a separate analysis of the
North and South Islands. Regarding average travel timesto GPs, it is clear that rural
areas with lower population densities have poorer accessibility, as do areas with larger
Maori populations, especialy in the North Island.

By contrast, TAs with the highest concentrations of more affluent groups (deprivation
deciles 1-3), in genera, had shorter travel distances to care than was true for more
deprived populations (deciles 8-10). TAs with concentrations of older people (65
years and over) also had smaller average travel timesto GPs, but only in the South
Island.

These patterns are also evident with respect to the two other access measures (the %
total population more than 30 minutes from a GP based on LCPA and allocation
methods). However, here the correlations are magnified between poor access and
levels of deprivation and ethnicity, especially in the North Island. In contrast to the
travel time analysis, in both cases, the relationship between (poor) levels of
geographical access and deprivation is strong (r=-0.57 and -0.55) for the LCPA and
allocation measures, respectively.

These patterns are illustrated in Figures 2 and 3, which show the absolute population
more than 30 minutes from a GP in different TAs and compare the LCPA and
allocation techniques. The pattern is a predictable one. Many of the traditional Maori
heartlands, such as Gisborne or the Far North, have larger populations with poorer
access, but so do many of the more remote southern TAs such as Southland or
Marlborough.

For New Zealand as a whole, the LCPA analysis indicates that 70,833 people (or
1.9%) resided more than 30 minutes from their closest GP. This figure rises to
128,034 (or 3.4%) when the results of the allocation analysis are examined. While the
latter figure may not seem particularly high (3.4%), the proportion of the population
with poor access rises to 9.9% for al rural TAs (those outside the main metropolitan
areas and regional cities), and exceeds this margin for over half (24) of the 45 more
rural TAs

(Click hereto view Table 2)
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Discussion

The results presented here suggest that problems of GP access remain important for
many of the more remote rural areasin New Zealand. Many people in these areas
suffer a double burden. Not only do they face long travel times for obtaining primary
care, but also since they are often deprived, travel difficulties are accentuated.

Other research has indicated that the economic costs of obtaining care represent a
significant deterrent to low income people in New Zealand.**** Malcolm'3, for
instance, in a survey of eight health centres providing services to Maori and low-
income New Zealanders, found that rates of GP utilisation were substantially lower
(from 37 to 74%) than the national average of 4.5 visits per capitain 1994/95. But,
given that the centres were set up to improve access to Maori and low-income
populations, and had significantly reduced the financial barriers present in the average
general practice, then cost barriers alone did not appear to be a mgjor factor for the
very low rates of utilisation observed; the effects of geographical and cultural barriers
were just as important.

Although the present study did not examine GP utilisation rates in areas remote from
GPs, Malcolm’ s results are consistent with a large, and longstanding, geographic
literature demonstrating links between geographic barriers and utilisation rates (both
for primary and hospital care). For instance, Haynes and Bentham™ found that GP
consultation rates, outpatient attendance rates, and inpatient admissions in Norfolk
(UK) were al found to decline with decreasing accessibility.

The groups most affected in rural areas were those with the highest relative need for
healthcare. Other research has similarly found that distance barriers disproportionately
affect poorer patients.'® For higher-status patients, distance barriers will have less
effect on utilisation not only because of greater levels of affluence and car ownership,
but also because of a preference to take advantage of non-local providers of both
primary and hospital care.’’

However, as Girt'® and otherst®?° have found, distance may have both a positive and
negative effect on consulting behaviour. Individuals are likely to become more
sensitive to the development of disease the further they live from a doctor, but (at the
same time) distance negatively affects their propensity to consult. The distance at
which this effect changes seems to depend upon the extent of the self-perceived
illness or condition.?°

The effect of ‘distance to GP' on ‘rates of use’ also has implications for the use of
hospital services. In rural New South Wales, Walmsley?! found that the chances of
admission diminished the further a patient lived from hospital. Haynes et al??
similarly found that (after controlling for needs and provision) distance to hospital
produced a 17-37% reduction for different types of admissions.

Of particular importance was their finding that distance to GP surgeries had the effect
of reducing hospital inpatient episodes—an effect which was greatest for elective and
psychiatric admissions.

These findings suggest that ‘ distance’ and ‘travel time’ are important considerations,
especialy for rural dwellers (who frequently express the greatest dissatisfaction with
problems of access to care).'* An accumulated body of research thus suggests that
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policymakers should give greater weight to such parameters when evaluating the
availability and quality of primary carein rural areas.

Traditionally, analyses of future directionsin primary healthcare have either neglected
the importance of spatial analysis approaches®>or, where analyses have taken place,
they have been on the basis of crude GP population ratios.?*. However, such an
approach, on its own, is an insufficient basis for assessing the effects of poor access
and planning future needs.

Population-based ‘travel time' and ‘ distances to health services', aswell as an
‘analysis of the characteristics of the population most affected by geographic barriers
are more useful measures of GP accessibility—and we suggest that future primary
healthcare policy should pay more attention to such factors. Such considerations will
become more important as PHOs take on the task of identifying and addressing those
groups in their populations that have poor health or are missing out on services.

The application of GIS approaches, such as those discussed in this paper and which
are beginning to be widely used in health research?>? therefore provide a valuable
tool for assisting such organisations in improving access to services and the health of
the most disadvantaged. The use of GIS tools, however, requires access to quality
data. One of the most time consuming challenges of this research was obtaining a
geographically referenced database of GP practices.

Currently the GP register maintained by the NZ Medical Council does not contain
reliable information on the geographical location of GP practices. An address of each
practice is kept, but this could be the GP's residential address. The addresses of GP
practices were obtained from a commercia data supplier, whose usual clients would
likely be pharmaceutical companies. The conversion of addressesto a GIS layer is
labour intensive and should only be done once.

Lastly, it isimperative that the Ministry of Health or the New Zealand Medical
Council maintains a geographically referenced data set that contains New Zealand
grid reference coordinates of GP practices, along with the number of GPs working in
the practice and the hours they work.

Author information: Lars Brabyn, Lecturer, Department of Geography, University
of Waikato, Hamilton; Ross Barnett, Associate Professor, Department of Geography,
University of Canterbury, Christchurch

Acknowledgements:. This research has been supported by Public Health Intelligence,
which is part of the Ministry of Health, New Zealand. In particular, Dr Chris Skelly
has been a key person in establishing the project and suggesting possible goals. Ron
King, also from the Ministry of Health, supplied the GP locations and assisted in
reviewing the analysis results. Paul Gower, a graduate student from the University of
Waikato, provided analysis assistance. We would also like to acknowledge and thank
these people for their involvement in this research.

Correspondence: Lars Brabyn, Department of Geography, University of Waikato,
Hamilton. Fax: (07) 838 4633; email: |larsb@waikato.ac.nz

Refer ences

1. Minister of Health. Primary Health Care Strategy. Wellington: Ministry of Health; 2001.
Available online. URL:

NZMJ 6 August 2004, Vol 117 No 1199 Page 11 of 13
URL: http://www.nzma.org.nz/journal /117-1199/996/ © NZMA



10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

http://www.moh.govt.nz/moh.nsf/0/7baf ad2531e04d92cc2569e600013d04?0OpenD ocument
Accessed July 2004.

Minister of Health. Rural Health Policy: Meeting the Needs of Rural Communities.
Wellington: Ministry of Health; 1999. Available online. URL:
http://www.executive.govt.nz/96-99/minister/creech/rural/01.htm Accessed July 2004.

Barnett JR. Regional and urban size variations in doctor mobility. N Z Med J. 1992, 105: 169—
71.

Barnett JR. Geographic perspectives on hospital restructuring and its impactsin New Zealand.
N Z Med J. 2000;113:125-28.

DeFriese GH, Ricketts TC. Primary health care in rural areas: an agendafor research. Health
Services Research 1989;23:931-74.

Ministry of Health. Implementing the Primary Health Care Strategy in Rural New Zealand. A
Report from the Rural Expert Advisory Group to the Ministry of Health. Wellington: Ministry
of Health; 2002. Availableonline. URL:
http://www.moh.govt.nz/moh.nsf/0/e371a046a4a44994cc256c0d0017de98?0penD ocument
Accessed July 2004.

Brabyn L, Gower P. Mapping accessibility to general practitioners. In: GIS and Health
Applications. Hershey, PA: Idea Group Publishing. 2003: p290-308.

Hays SM, Kearns RA, Moran W. Spatial patterns of attendance at general practitioner
services. Soc Sci Med. 1990;31:773-81.

Marwick J. Personal communication. Wellington: Ministry of Health; 16 July, 2001.

Barnett JR. Does the geographic distribution of physicians reflect market failure? An
examination of the New Zealand experience 1981-87. Environment and Planning. 1993; 25: 3-
22.

Marshall CL, Hassanein KM, Hassanein RS, Paul CL. Time and distance — rural practice.
Dissatisfaction with travel distance to the physicianin arural area. J KansasMed Soc.
1969;70:93-6.

Samond C, Crampton P. NZDep2001 Index of Deprivation. Wellington: Ministry of Health;
2002. Availableonline. URL: http://www.moh.govt.nz/moh.nsf/Files/phi-research-
report/$file/phi-research-report.pdf Accessed July 2004.

Malcolm L. Inequitiesin access to and utilisation of primary medical servicesfor Maori and
low income New Zealanders. N Z Med J. 1996;109: 356-8.

Barnett JR. Coping with the costs of primary care? : household and locational variationsin the
survival strategies of the urban poor. Health and Place. 2001;7:141-57.

Haynes RM, Bentham CG. The effects of accessibility on general practitioner consultations,
out-patient attendances and in-patient admissions in Norfolk, England. Soc Sci Med.
1982,16:561-9.

Joseph AE, Phillips D. Accessibility and Utilisation: Geographical Perspectives on Health
Care Delivery. London: Harper and Row; 1984.

Roghmann KJ, Zastowny TR. Proximity as afactor in the selection of health care providers:
emergency room visits compared with obstetric admissions and abortions. Soc Sci Med.
1979,13D:61-9.

Girt JL. Distance to general medical practice and its effect on revealedill-health in arural
environment. Canadian Geographer. 1973,17:154—66.

Manning GB. Aspects of Health Care Utilization Behaviour in the Grey Valley, West Coast.
Dunedin: University of Otago, Department of Geography, MA Thesis; 1977.

Veitch PC. Anticipated response to three common injuries by rural and remote area residents.
Soc Sci Med. 1995;41:739-45.

NZMJ 6 August 2004, Vol 117 No 1199 Page 12 of 13
URL: http://www.nzma.org.nz/journal /117-1199/996/ © NZMA



21

23.

24.

25.

26.

Walmsley DJ. Theinfluence of distance on hospital usagein New South Wales. Aust Jour Soc
Iss. 1978;13:72-81.

Haynes RM, Bentham CG, Lovett A, Gale S. Effects of distances to hospital and GP surgery
on hospital inpatient episodes, controlling for needs and provision. Soc Sci Med.
1999;49:425-33.

National Health Committee. Improving Health for New Zealanders by Investing in Primary
Health Care. Wellington: National Health Committee; 2000. Available online. URL.:
http://www.nhc.govt.nz/Publications/improvinghealth.ntml Accessed July 2004.

Ministry of Health. Taking the Pulse: The 1996/97 New Zealand Health Survey. Wellington:
Ministry of Health; 1999. Available online. URL :

http://www.moh.govt.nz/moh.nsf/0/d7b3cf 1eee94fefb4c25677c007ddf 9670penDocument
Accessed July 2004.

Twigg L. Health based geographical information systems: Their potential examined in the
light of existing data sources. Soc Sci Med. 1990;30:143-55.

Moore D, Carpenter, T. Spatial analytical methods and Geographic Information Systems: use
in health research and epidemiology. Epid Rev. 1999; 21:143-61.

NZMJ 6 August 2004, Vol 117 No 1199 Page 13 of 13
URL: http://www.nzma.org.nz/journal /117-1199/996/ © NZMA



