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Mapping Health Access: 
Using Address-Level 
Intelligence for Smarter 
Services

Accessing healthcare is a serious challenge 
for people living in rural and remote Australia. 
Large distances, sparse populations, and 
limited services can prevent residents from 
receiving care when they need it. Professors 
Neil Coffee and Vincent Versace at Deakin 
University’s Centre for Australian Research into 
Access (CARA) are leading research to model 
healthcare service access across the country, 
to provide new insights that can guide health 
planning and policy, as well as other services 
such as education. This work combines the 
curation of detailed address level residential 
dwellings and road network data to calculate 
access to service metrics (time and distance).  
These metrics are applied to the simulated 
residential dwelling population, to quantify 
the population with poor access to health 

services.

Why Geography Matters in Health Planning

Australia is the 6th largest country in the world by area making up 
5.2% of the world’s land area with 7.69 million square kilometres and 
55th in the world by population (0.33% of world population) (United 
Nations Population Division estimates 2025). Australia has an 
uneven population distribution, with the majority of the population 
concentrated into a small number of cities. While people living in 
these cities experience few issues accessing services, regional 
and remote communities often face long travel distances and 
times to reach essential care. Traditional approaches to planning 
and allocating resources rely on predefined administrative units 
defined by Government organisations such as the Australian 
Bureau of Statistics (ABS), which provide convenient ways to 
aggregate data. However, in rural settings, they can cover 
hundreds or even thousands of square kilometres. As a result, the 
values calculated for large units often obscure pockets of need 
within their boundaries, a phenomenon known as the Modifiable 
Areal Unit Problem (MAUP), whereby the choice of spatial unit can 
influence the outcome. 

The implications of this MAUP are significant; policies informed by 
coarse data may fail to capture the actual access challenges 
that communities in remote areas face. An example of the 
importance of moving away from modifiable spatial units is the 
mapping of the 1854 cholera deaths in London, by the surgeon and 
general practitioner Dr John Snow, allowing for the identification 
of the outbreak source. Snow’s map illustrated the power of 
fine-grained spatial information in revealing patterns that the 
aggregated data provided by administrative units would conceal. 
Today, despite vast technological advances, most health data 
in Australia remains aggregated at units too large to fully inform 
local decision-making. CARA’s work seeks to address this gap by 
leveraging address-level intelligence —the advanced processing 
of location data— to deliver a more precise representation of 
accessibility.

Building a High-Resolution Spatial Framework

At the core of CARA’s approach is the integration of multiple 
national datasets to represent both people and services at the 
finest possible resolution. Residential dwelling locations are drawn 
from Satellite derived building footprints, the Geocoded National 
Address File and the ABS Address Register, with validation and 
refinement to remove non-dwelling points. Service locations, 
including hospitals, general practices, and education facilities, are 
collected from State/Territory and Federal services registries, such 
as the Australian National Health Service Directory maintained 
by HealthDirect and the Australian Schools List maintained by 
the Australian Curriculum, Assessment and Reporting Authority 
(ACARA).

CARA supplements this with comprehensive road network data. 
Precisely, Overture Maps Foundation, Geoscape, and commercial 
navigation providers are some of the open and commercial 
sources supplying information on road distances, speed limits, 
historic traffic speeds, access and turn restrictions, and network 
topology. These elements allow travel-time calculations along 
realistic routes, which are far better than relying on straight-line 
distances that often underestimate true travel burdens. The 
datasets are synthesized in a rule-based integration process to 
ensure completeness and accuracy, producing a connected 
network linking every dwelling to all relevant services.

Network Analysis: Linking People to Services

Once the datasets are harmonised, CARA performs extensive 
network analyses. Each residential dwelling is connected to its 
nearest point on the road network, and each service location is 
similarly linked. Using these connections, CARA can flexibly and 
quickly calculate travel times and distances for all dwellings to 
each service, capturing both direct access and the cumulative 
travel burden across the network.



These travel-time metrics are then aggregated using tools that 
can produce summary statistics at any spatial scale. This dual 
capability —address-level precision and scalable aggregation— 
allows CARA to provide insights that can be applied locally and for 
broader policy planning.

The practical benefits of this system are illustrated by a Local 
Health Network in Victoria (Grampians Health, a CARA partner), 
which spans 280 km and serves around 250,000 residents. By 
applying address-level intelligence, it is possible to identify areas 
where primary care access is limited, inform outreach clinic 
placements, and optimise resource allocation for health services.

National Applications and Policy Insights

CARA’s methods extend beyond local health service planning. At 
the national level, CARA has applied its address-level intelligence 
tools to evaluate access to general practitioner practices across 
Australia. The research considers travel times, choice of the 
number of practices and whether the practice provides a bulk 
billing service (where the patient does not pay a fee for a medical 
service), revealing inequities that are not identifiable when data 
are aggregated to large spatial units.

CARA’s framework is adaptable to sectors beyond health. In 
education, the team has mapped access to schools, universities, 
and study hubs, using the same dwelling-level methodology. The 
flexibility of the system means that it can incorporate any service 
for which spatial data exist, including social services, recreational 
facilities, and emergency services. This opens possibilities for 
multi-sector planning, enabling policymakers to understand the 
interaction between health, education, and other determinants of 
well-being.

A significant new tool has resulted from the research partnership 
between the Australian Bureau of Statistics (ABS) and the Centre 
for Australian Research into Access (CARA). By combining CARA’s 
modelling with the ABS Address Register, CARA has been able to 
map where people live with greater accuracy, resulting in more 
reliable information about how far or the time it takes for people to 
travel to reach essential services. The ABS Location Insights Branch 
has used these data as part of the Service Accessibility Explorer: 
An interactive national map and dashboard showing distance/
travel time to the closest key services including childcare, schools, 
hospitals and GPs: link to Service Accessibility Explorer.

Addressing Technical and Data Challenges

High-resolution mapping at the dwelling level faces substantial 
technical and logistical challenges. Historically, address data have 
been incomplete or inconsistent, health outcomes are protected 
by strict confidentiality rules, and geocoding large datasets 
is time-consuming and expensive. CARA overcomes these 
challenges through automated processing pipelines, anonymised 
datasets, and fast network computation.

Synthetic populations (statistically generated datasets that mirror 
a given population) are a key innovation. Combining real-world 
address data with demographic profiles, researchers at CARA 
model the characteristics of residents across the entire country. 
The ability to link access measures to synthetic populations also 
supports more sophisticated analyses, such as examining service 
coverage for specific demographic groups or modelling the 
effects of infrastructure investment on equity outcomes. Synthetic 
populations also allow simulations to examine how service 
expansions or relocations might affect different communities, 
without compromising individual privacy. Thus, policymakers can 
quantify the potential impact of infrastructure investments and 
identify communities where access improvements could have the 
greatest effect.

An example of the importance 
moving away from modifiable 
spatial units is the mapping 
by the surgeon and general 
practitioner Dr John Snow of the 
1854 cholera deaths in London, 
allowing for the identification of 
the outbreak source. 
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https://statmaps.abs.gov.au/portal/apps/experiencebuilder/experience/?dlg=Welcome-window-%28Information-window%29&id=4ab37f02586a431aa134164e4417cdb6&views=Statistical-Notes%2CAccess-to-services


Understanding the Limits:  
MAUP and Ecological Fallacy

A major motivation for CARA’s work is to mitigate the impact of 
the MAUP and the ecological fallacy  in health research. MAUP 
arises when analytical results vary depending on the size and 
shape of spatial units. Aggregating data into large units can distort 
correlations between health outcomes and predictors, while 
averaging over heterogeneous areas can obscure pockets of 
disadvantage. A common exploitation of the existence of the MAUP 
is its use to gerrymander political boundaries to bias the results of 
elections. The ecological fallacy occurs when assumptions about 
individuals are drawn from aggregate statistics.

By operating at the dwelling level, CARA minimises these risks. 
Analysts can retain maximum spatial granularity, while still being 
able to aggregate results for reporting or comparison purposes. 
This approach enables the identification of subtle local patterns, 
such as isolated communities with limited access, while avoiding 
the distortions introduced by large administrative units.

The adoption of address-level intelligence represents a paradigm 
shift in Australian service planning. CARA’s approach moves 
beyond traditional reliance on administrative units, offering 
precise, scalable, and policy-relevant access measures. In 
practice, this allows local health networks to plan outreach 
services effectively, national policymakers to allocate resources 
where they are most needed, and researchers to study spatial 
inequalities without the distortions of MAUP or ecological fallacy.

Moreover, CARA’s infrastructure is designed to be sustainable 
and interoperable, allowing the data to be exchanged and used 
by different systems and organisations. Data can be updated 
regularly, new service types can be incorporated, and results can 
be shared with partner agencies while maintaining strict privacy 
controls. The approach ensures that investments in health and 
education are guided by evidence in real-world access conditions 
rather than averages over large areas.

Transforming Policy and Practice

CARA is demonstrating both the enormous potential and 
the current limitations of spatial data in Australia. Traditional 
approaches often mask critical variations in access, leaving 
remote and vulnerable communities underrepresented in 
policy development. By building fast computational pipelines, 
integrating multiple national datasets, and developing detailed 
synthetic populations, CARA is redefining the precision possible in 
access research. This not only enables the better identification of 
communities facing access challenges but also allows planners to 
model the impact of interventions, such as adding new services or 
reallocating existing ones, with high accuracy.

Looking ahead, Prof Coffee and colleagues envision integrating 
non-spatial access measures into their models, including 
affordability, timeliness, and service acceptability. These additional 
dimensions will enrich the analyses by moving beyond physical 
proximity to services, incorporating broader factors that influence 
whether people can realistically access care and other essential 
services.

Combining technological innovation, detailed data integration, 
and advanced analytical methods, CARA is laying the foundation 
for a more equitable and evidence-driven approach to service 
delivery in Australia. This work can improve access for individuals 
and communities and has the potential to transform the way 
governments, health providers, and researchers understand and 
respond to geographic disparities in service provision.

Data can be updated regularly, 
new service types can be 
incorporated, and results can be 
shared with partner agencies 
while maintaining strict privacy 
controls. The approach ensures 
that investments in health 
and education are guided by 
evidence in real-world access 
conditions rather than averages 
over large areas.
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MEET THE RESEARCHERS

CARA team

The CARA team brings together a highly interdisciplinary 
group of researchers whose combined expertise spans health 
geography, spatial science, epidemiology, public health, 
environmental science, data science, and policy-relevant 
research translation. The team has extensive experience in 
applying advanced spatial and analytical methods to address 
complex questions of service accessibility, equity, population 
health, and regional and rural disadvantage.

Professor Neil Coffee brings internationally 
recognised expertise in spatial accessibility 
modelling, health geography, and the 
application of geographic information 
systems to population health. His work has 
been foundational in advancing methods 

for measuring access to services and understanding spatial 
inequities, with extensive application across health, social services, 
and urban and regional planning contexts. His contributions 
strengthen the conceptual and methodological underpinnings of 
the team’s spatial analyses.

Professor Vincent Versace provides senior 
academic leadership and strategic direction 
to the team. As Director of Deakin Rural Health 
and Founding Co-Director of the Centre for 
Australian Research into Access (CARA), he has 
led and contributed to a wide range of large-

scale, competitive, and commissioned research projects across 
rural and regional Australia. His background in environmental 
science and geographic analysis underpins a research career 
that has evolved into population and public health, health 
services research, and program evaluation. Professor Versace 
has authored over one hundred peer-reviewed publications, 
supervised multiple doctoral candidates to completion, and 
maintains a strong focus on research translation through 
partnerships with government, health services, and community 
organisations.

Dr Sarah Wood contributes specialist expertise 
in health geography, epidemiology, and 
research quality appraisal. Her work focuses 
on the measurement and evaluation of spatial 
access to health and social services, particularly 
in rural and regional contexts. She has led and 

co-authored multiple systematic reviews and methodological 
studies, including the development and validation of appraisal 
tools for spatial health research. Dr Wood also brings experience in 
health service planning, evaluation, and governance, ensuring that 
research outputs are both methodologically rigorous and policy 
relevant.

Mr Marcus Blake contributes specialist 
knowledge in national geospatial data 
integration, spatial infrastructure, and applied 
GIS for public policy. With experience across 
government and research sectors, he supports 
the translation of complex spatial analyses into 

operational tools and decision-support frameworks relevant to 
service planning and evaluation at multiple scales.

Mr Ralf-Dieter Schroers adds advanced 
expertise in GIS, spatial data science, and 
computational analysis. Through a co-funded 
role with Grampians Health, his work focuses 
on the development and application of robust 
spatial workflows, supporting large-scale 

analyses that integrate diverse data sources while maintaining 
analytical transparency and reproducibility.

Mr Sam Quinsey provides technical and 
computational expertise grounded in spatial 
analysis, network modelling, and software 
development. With a background that bridges 
electrical trades and geographic information 

systems, he contributes practical skills in Python-based spatial 
analytics, large-scale network analysis, and the production of 
interactive cartographic outputs, supporting the implementation 
of innovative, scalable spatial methods.

Together, this interdisciplinary team integrates conceptual, 
methodological, and technical expertise to deliver high-quality, 
policy-relevant research that advances understanding of spatial 
access, equity, and population health outcomes, particularly in 
rural and regional settings.

CONTACTS
https://greateraccessforall.com/

https://experts.deakin.edu.au/59516-neil-coffee/about

https://www.linkedin.com/company/centre-for-australian-
research-into-access-cara/

For more information see this Australian Journal of Rural 
Health commentary
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