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ABSTRACT

A GIS BASED INVESTIGATION OF SPATIAL ACCESSIBILITYTO HEALTH
CARE FACILITIES BY LOCAL COMMUNITIES WITHIN AN URBAN FRINGE

AREA IN AUSTRALIA

Salahuddin Ahmad
School of Mathematical and Geospatial Sciences

Master of Applied Science

Adequate and equitable access to health careti@€iby local communities in
urban areas is an important issue of human sepsigeision to both public policy
makers and urban planners. Equitable and easysatzégalth care facilities is often
considered one of the main objectives of many heedire systems. Due to spatial
variations in population distribution, transportati infrastructure as well as
distribution of health care facilities, there egispatial variation in accessibility to the
health care facilities and locations where accdggibo health care facilities is poor.
This study aims to use a GIS based case study agprand “spatial accessibility”
measures, derived from fine spatial resolution skt to characterize and reveal
spatial variations in access to health care faslitand identify disadvantaged

locations / local communities in a selected urbaigé area in Melbourne, Australia.
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Chapter 1  Introduction

1.1 Introduction

It is a fundamental human right to have accessesalth care services when
needed. It is desirable for a government to enhigk quality provision and equal
and easy access to fundamental health care setaca$ citizens. Varying spatial
distribution of the population, health care fa@ktand transportation infrastructure in
an area often lead to spatial variations in acbéigito health care facilities, which
in turn will result in disadvantaged locations atwmmunities having poor spatial
accessibility to needed health care facilities.

Adequate, equitable and easy access to health feailties by local
communities in a specified geographic area is goonmant issue of human service
provision to the individuals living in that area.id3 also a challenging issue for both
public policy makers (Wang and Luo 2005; Burns dngdlis 2007) and urban
planners (Geertman and Van Eck 1995; Hewko 20@linany health care systems,
adequate, equitable and easy access to healtlfacdities is often considered one of
the main objectives (Powell and Exworthy 2003).€fsure equal and easy access it
is essential to ensure that the population, health facilities and the transportation
infrastructure are positioned in a manner thatlifatés high spatial accessibility.
There are many different conceptualizations of ssitdity to health care facilities,

and many different measures of accessibility hamenbproposed and used in the



literature (Hewko 2001; Talen and Anselin 1998)céssibility to a destination e.g.

health care facility via a specified transportatioetwork has been measured by
physical distance (Ingram 1971; Gugliardo 2004ye¢it time (Hansen 1959; Ingram
1971; Iversen and Kopperud 2005), or even travet ¢mgram 1971; Cho 1998;

Lovett 2002).

A comprehensive literature review conducted fos tsiudy (see Chapter 2)
reveals that a few studies have been conducteldeirMielbourne Metropolitan area
for the characterization of accessibility to heattire facilities and for identifying
locations where accessibility to health care faesiis relatively poor (Bamford et al
1999, Randolph and Holloway 2005, Burns and Inigfi87, Engels and Liu 2011, Liu
and Engels 2012). The spatial resolution at whiubsé¢ studies have undertaken,
however, are relatively coarse to allow accurateasueement of travel distance,
travel time or travel cost between health carelifees and the locations of the
populations. Therefore, their results have not ts#a to reveal at fine resolution the
spatial variations in spatial accessibility to hle@lare facilities.

It is important to measure spatial accessibility file spatial resolution
(Ahmad et al. 2009). Therefore, this study has beensed on local communities
residing in an urban fringe area, and the studgeisigned in such a way so that it
enables the use of high spatial resolution data aetl Geographic Information
System (GIS) based spatial analysis and spatisibtstal measures, and seeks to
uncover spatial variation in accessibility to hieattare facilities at fine spatial
resolution (e.g. at the Mesh Block level). Healénecfacilities include only locations
where health care service providers (e.g. PhartsaciSeneral Practitioners /
Surgeons clinic and dentist) conduct their facéatte health care service to site-

visiting health care users. A local community reftr the residents confined within a



Mesh Block (MB) or a Census Collector District (ClCRs defined by the Australian
Bureau of Statistics (ABS). An urban fringe arefergto a local government area at
the edge of a large metropolitan area which in ttase is Melbourne, Victoria,

Australia.

1.2 Research objectives and research questions

This study aims to develop a GIS based approadhaaharacterization of
spatial accessibility to health care facilities lbgal communities resided within an
urban fringe area of Australia. It is assumed thate exist spatial variations in the
spatial distribution of population, health care ilides, and transportation
infrastructure, that together impact on the ovesphtial accessibility to health care
facilities. It is also assumed that there exisaliies in the case study area where
spatial accessibility to health care facilitiegasatively poor. Therefore, the research
objectives are:

» to characterize spatial variation in access tothezdre facilities in terms
of the spatial distributions of potential usersallte care facilities, and
transportation infrastructure;

» to identify local communities where spatial acdeiity to health care
facilities is relatively poor;

» to achieve the above objectives for a selected sasdy area, i.e. the
Cardinia Shire in the Melbourne urban fringe araf,a fine spatial
resolution using a GIS based analytical approach.

Attempts have been made to present appropriate eangwthese research

objectives in Chapter 4 and 5. Section 4.3 presémgsspatial distribution and

characteristics of the potential users of the hecdire facilities, section 4.4 presents



the locational analysis of the health care faetitiand section 4.5 presents the
positioning of the transportation infrastructure dantheir characteristics.
Characterization of spatial accessibility to healhe facilities and identification local
communities where spatial accessibility to healtbedacilities is relatively poor has
been presented in section 5.2 and 5.4. A GIS baseditical method has been
presented and discussed in Chapter 3.

A GIS-based methodology derives the specified datfny means of GIS-
based spatial data manipulations and spatial amlyshich are supported by a
carefully built GIS-based spatial database. BugdinGIS-based spatial database to
develop procedures for spatial data manipulations gpatial analyses includes the
identification and collection of the required sphtdata and relevant tabular data
including census data; building a geodatabase agdnizing spatial data and
attributes; developing a geoprocessing framewoxk amalytical procedures for the
manipulation of spatial data and attribute dateS Gased spatial analysis includes
measuring spatial pattern of the case study pdpuolahealth care facilities and
transportation network; measuring travel distarma taavel time between locations of
health care facilities and their user communitiestiae road network and measuring
spatial association between available health camlities and health care user
community.

In this study, spatial accessibility is conceptzetdi as being influenced by the
characteristics of the service users, the serviogigion facilities and the conditions
of the transportation network linking the users #inel providers of the health care
services (Section 3.2); spatial accessibility isasuged by the travel distance and
travel time that local communities need to undextadkbm their residential locations

(as represented by the centroids of their residemiBs) to locations of selected



health care facilities (usually the nearest orrniwst attractive), in terms of physical
distance (e.g. shortest Euclidean distance or mktdistance), (shortest) travel time,
or (least) travel cost (Section 3.7.2 and Secti@); Spatial variations in accessibility
to heath care facilities are measured by the dpdisaibution of travel distance and
travel time as well as travel distance based atukysindex (Section 3.7.2 and
Section 5.2.3); and spatial association and spstaistical methods are applied on
accessibility index and census dataset to identifgters of high or low accessibility
in terms of travel distance, travel time, and papah counts in each MB (Section
3.7.3 and Section 5.4).

To achieve the research objectives stated aboeefotlowing three research
guestions have been developed:

1. What are the characteristics in the spatial distiiim of population, health
care facilities and transportation infrastructunethe selected case study
area?

2. What are the characteristics in spatial accesilidi health care facilities
by local communities in the selected case studg?are

3. How to identify the spatial clusters of disadvametddocations / local
communities in the selected case study area asfiatial resolution using
a GIS-based approach?

Similar to the research objectives, these resequdstions have also been
answered throughout the thesis. Chapter 4 pretfentdistribution and characteristics
of the potential users of the health care facditidistribution of the health care
facilities and transportation infrastructure anceithcharacteristics. So, research
guestion 1 has been answered in Chapter 4. Resgaestion 2 is about identifying

the spatial variation and spatial pattern in actedsealth care facilities in selected



case study area has been discussed in Chaptes®&aml question 3 is about the GIS
based analytical approach to the identificatiorsdtial variation and disadvantaged

locations at fine spatial resolution have beenudised in Chapter 3 and Chapter 5.

1.3 Outline of the thesis

In order to address the research objectives andveanso the research
guestions stated in Section 1.2, this thesis haptad in a systematic structure as
outline below (see Figure 1-1): Chapter 1 introdutiee study with the research
objectives and research questions. Chapter 2 sumesathe literature review,
focusing on some key terms relevant to this stumisiuding the notions of access,
accessibility and spatial accessibility to the trealare facilities and measures of
accessibility, spatial patterns and spatial assoos in demand for and accessibility
to health care facilities. Chapter 3 outlines tesearch methodology developed for
this study, with a discussion on data collectiaeparation and analytical procedures.
Chapter 4 describes the study area in terms ofitogdand use type, settlement and
other general characteristics of the Cardinia Slaisewell as some considerations on
the Shire’s demographics, health care facilitiesgd @ransportation infrastructure.
Chapter 5 presents the research outcomes of megspatial accessibility to health
care facilities in terms of proximity and travemg between centroids of local
communities and locations of health care facilitieservice catchments and
accessibility index. The location where access$ibib health care facilities is deemed
to be low has also been identified and presentetlster maps. Finally, in Chapter 6
the main research findings made from this analgses discussed and assessed,

followed by some recommendations for further imgment and researches.



Chapter 1: Introduction

Introduction
Research objectives
Research question

Chapter 2: Literature review

Definitions

Literature review

Measures of accessibility

Spatial patterns and spatial associa-

Chapter 3: Research methodology

Select study area

Specify research outputs

Data collection, preparation and ana-
Iytical methods

tions

Chapter 4: Case study area

General Characteristics
Characteristics of population
Characteristics of healthcare facilities
Characteristics of transportation sys-
tem

Chapter 5: Data analvsis and results

Spatial accessibility to healthcare fa-
cilities

Spatial association between population
and healthcare facilities

Spatially disadvantaged locations

Chapter 6: Discussion and conclusions

Main research findings

Study implications

Limitations of the study
Recommendations for further im-
provement and researches

Figure 1-1 Organization of the thesis




Chapter 2 Literature Review

2.1 Introduction

The purpose of this chapter is to review the liteein order to establish what
other relevant researches have been done to datee literatures, many approaches
have been used to define and measure the key dsnakepccess, accessibility and
spatial accessibility (i.e. Cameron, 1995; Ansa2)07). The terms access,
accessibility and spatial accessibility are relabed very different concepts (Khan
1992; Cameron 1995) even though in the health lt@rature these terms are often
used interchangeably. The following sections attetmlarify the key terms access,
accessibility and spatial accessibility within ttentext of the work that is presented

in this study.

2.2 Access

Access can be described as the ‘degree of fit’ @etwsers and a service. The
‘degree of fit' might be influenced by the availétlyi accessibility, accommodation,
affordability and acceptability of a service (Pemobky and Thomas, 1981).
Furthermore, access is linked with the demograpsicio-economic and cultural
characteristics of the population, locations of tlealth care facilities and of the
transportation network. In other words, accessattepned both spatially and socially

(Field et al 2004). Spatially, the more resourtes are provided into an area for use
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the greater the likelihood that people will use siaresources and live in that
surroundings. Access to an existing resource afitfa¢e.g. a hospital or a road

network) is generally understood as the capacitgrofndividual to obtain a service

when it is needed (Schneider & Symons, 1971). Teanimg of access, however, can
vary among researchers, policy makers, politiciang public, due to differences in

their education history, workplace condition, anttural context.

Over the last four decades, scholars focusing eeszcissue generally agree
that ‘access’ is not a well defined term (Aday akmtlersen 1974, Penchansky and
Thomas 1981). The literature also suggests the ‘coess’ cannot be understood on
its own but rather, it must be differentiated frother closely related terms, which are
often used interchangeably with the term accesdyding accessibility, availability,
affordably, barrier, right of entry, right to usmobility, and level of permission
(Bagheri, Benwell et al. 2005; Guagliardo et al £00Penchansky and Thomas
(1981) distinguished two aspects of access, spaiidlsocio-economic, and described
the spatial aspect of access in terms of avaitgbdiccessibility and accommodation
and the socio-economic aspect of access in ternafafdability and acceptability
(Figure 2-1). Bagheri, Benwell et al. (2005) andaGliardo et al (2004) only consider
the first two dimensions as the spatial compondotsspatial accessibility. Khan
(2002) described access in terms of both spat@ddaphic) and aspatial qualities. In
the literature, other terms such as resource ditwtaequity, and social justice are
also frequently used by social scientists and mesnThese terms help the planners
and policy makers to decide for whom the benefiésta be distributed, or “who gets
what” and “who pays” (Talen, 1998). To add to themplexity of the concept of
access, the terms access and accessibility arewstsl indiscriminately and are often

misunderstood, poorly defined and poorly measu@=lfs and Wee, 2004).



Figure 2-1 Classification of accessibility (adapted fronPenchansky and Thomas, 1981)

Access is quite a complex term to define and ibbees more complex when
the measure of access is not simply the presence ledalth care facility, as the
presence of service does not ensure the utilizatiadhese facilities in relation to need
and health care services users and service proypiddessionals evaluate "need"
differently (Donabedian, 1972). Penchansky and Td®981) observed that access
is most frequently viewed as a concept that someietates to the consumers’ ability
or willingness to use health care services, ancetbee should consider the personal,
financial and organizational barriers to healthecaervice utilization. In contrast,
Mooney (1983) argued that access is a questionpdlg, whereas the utilization is a
function of both supply and demand. Equity of ascés purely a supply side
consideration, in the sense that equal servicemade available to patients who have

equal health concern (Goddard and Smith 2001).
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2.3 Accessibility

According to Vickerman (1974), accessibility is ambination of two
elements: locations on a surface relative to sldtallestinations, and the
characteristics of transportation networks linkpants on that surface. Accessibility
defined as such is similar to the notion of accassit has a number of spatial and
temporal properties that constraint an individualtslity / capacity / preference to
access specific destinations (Witten, Exeter eR@0.3). Accessibility can be defined
in terms of mobility, which includes a number ofatpl and associated non-spatial
attributes and their temporal constraints, on iidigls or groups.

Accessibility can be measured by (Euclidean, Maahabr network) distance,
by travel (driving, public transport or walking)rte or travel cost. Accessibility can
be described as travel impedance (travel distamctawel time) between patient
location and health care service points (Guagli&@do4). Guagliardo (2004) argues
that accessibility and availability are not simik@rms and that accessibility may
depend on availability of the services. In urbagaar where multiple service locations
are commonly available, accessibility and availgbilshould be considered
simultaneously (Guagliardo, 2004). With regardsh&alth care service utilization,
accessibility is generally influenced by the spasiauctures of health care service
supply and demand, neither of which is distributedormly in space (Wang 2011).
Table 2-1 shows some key areas of accessibilitgarel, and key issues and

measures of accessibility.
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Table 2-1 Areas of accessibility research and issues amgasures of accessibility

Area Issue Measures Reference
Urban Residential development and Gravity Hansen
Planning accessibility  to commercial, (1959)

industrial, and residential locations
Physical Plannin Modified Gravity Geertman an
Van Eck (1995)
Geography and Distribution and proximity impact Ratio McLafferty
health on infant mortality. (1982)
Geographic accessibility to health Gravity Thouez, Bodson
care facilities in the rural area et al. (1988)
Public policy Health car deprivation Gravity Knox (1979
Residential mobility and location  multi-dimensional Maher (1994)
disadvantage
Public healtl Health car in urban diabetic Travel time and distan Liu (2008]
population
Accessibility to public hospital Travel time and cosigtc Brabyn and
path analysis) Skelly (2002)

2.4 Spatial accessibility

In a general sense, the term ‘access’ refers terarance into, the right of
entry to, or the use of facilities, and the terrpatal accessibility’ refers to the
physical accessibility one possesses to a prefdoeation, or the ease at which
individuals in one location can reach another lioca(Pirie, 1980; Kwan and Weber,
2003). Spatial accessibility refers to the relalip between the locations of the
supply of and the locations of demand for spec#féecvices, taking into account
existing transportation infrastructure and trawvapedance. In the literature, spatial
accessibility (Freeman, 1986; Oppong and Hodgs®4;19ewko, 2001; Guagliardo,
2004) and geographical accessibility (McLaffert§82; Pooler, 1987; Brabyn and
Skelly, 2002; Apparicio et al., 2008) are oftenduge an interchangeable manner, in
the sense that both concepts are location-basedsaithlly constrained, as Khan
(1992) has noted that spatial accessibility is $igatly conditioned by the spatial or

distance variable (as a barrier or a facilitatonofess) and the pattern generated has
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the most direct geographic manifestation. Some lachaleclare that they used the
term ‘spatial accessibility’ because they want anghe favour and supported by the
literature published in health care geography aaie(Khan and Bhardwaj 1994; Luo
and Wang 2003; Luo, Wang et al. 2004 and Guaglja2@04). The spatial
accessibility has been studied and developed mainGeography, Mathematics and
Social science but not limited to physics, plannjmgplic health, transportation, civil
engineering etc (Figure 2-2). Spatial accessibitya critical consideration in the

provision of both public and private services (Miyr2003).

Public Health
Geography

Figure 2-2 Study and development of the measures of sgataccessibility

Social Science

Accessibility

Stewart (1942) discussed population-over distaetaionship or population
potential as a generalized notion of accessibil&gcording to the concept of
population potential, Hansen (1959) conducted ampigcal examination of the

residential development patterns. Many other emgirstudies have since been
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conducted and new concepts have been developeddé&eopment of computer,
mathematical and spatial statistical approaches@eapraphic Information System
(GIS) added new dimension in the development amglicgtion of accessibility
measures in many different disciplines. Figure 2Zows the chronological

development in the research of spatial accessibilit

T T T T
| | | |

| Traditional (Non i 1 beographic
U U U Information
! GIS) based method I System (GIS)based !
| | I | 2SFCA, Radke and Mu (2000)

T Ongoing researc

| (]

I

| 2SFCA*, Luo and Qi (2009)
]

| al.(1994)
N noai ;

| | O — |
| ‘ | Travel cost, Arentze, Borgers
| |
[
| |
| |

distance, Wiliams, Schwartz et

C (1983) )
| Travel time, Bosanac, Parkins
| |_etal(1976) |

"Time and Distance, Shannt
! Skinner et al. (1973) |
C ]

Tra‘\lel time, ‘bun and Dyer (19?1)

| |
I I
T T
| | Distance,Green and Krotki (19¢ |

| | | |

i i Gravity type, Hansen (1959)
T

|

|
L
T T T T T
Gravity, Stewart (1942) I |

1940 1945 1950 1955 1960 1965 1970 1975 Yearl980 1985 1990 1995 0 20@005 2010 2015 2020

Figure 2-3 Chronological development in the research of spatiaccessibility

In the literature, the terms ‘spatial accessibilignd ‘spatial patterns of
accessibility’ are sometimes used with no discration (Ikporukpo 1987; Bailey and
Phillips 1990; Hays et al. 1990), but majority bétresearchers taken the term ‘spatial
accessibility’ to mean physically be able to reddm a potential location of the
health care user’s to a health care facilitiestiooavia a transportation network, and
the term ‘spatial patterns of accessibility’ to mehe spatial distribution of certain

spatial accessibility measures .

2.5 Indicators / measures of spatial accessibility

Walizer and Wienier (1978) define indicator as lass, set or group of
potentially observable phenomena that representmeeptual definition’. Indicators

and measures of accessibility are important for asgessment of health care

14



provision. There have been several attempts tololeviedicators to measure and
evaluate accessibility to health care servicesnémy situations, information used in
indicator of accessibility to health care servioe®rlaps with information used in
other social, economic and planning indicators.idars consist of information
which can be used to construct an index. For examiile Index of Multiple
Deprivation 2000, commonly known as IMD2000, waveleped by the British
government, based on six categories of deprivatiddomains’ (Index), to determine
which small areas are having poor geographical sscemd hence are eligible for
more funding (Niggebrugge et al., 2005). The domaihthe index include resident
income, employment, health and disability, edueasikills and training, housing, and
geographical access to services (IMD, 2000). Theyigghical access in IMD2000
was measured as straight line distance betweetotagion of the population and
some selected services. IMD2000 was used to igeptibr accessibility clusters and
isolated areas where 29% (n=14.4million) of theydation of England were located
(DETR, 2000.

Indicators of accessibility can be opportunity lthg@/achs and Kumagai,
1973). Opportunities to access to a health cangcgecan be specified in terms of a
fixed threshold of travel distance or travel timéckerman, 1974; Ben-Akiva and
Lerman, 1979). Here travel time includes notiondradtion, barriers, connectivity
and critical distance (Crews-Meyer, 2000). Euclidehstance (Noor et al, 2006;
Crawford, 2006; Pang and Lee 2008; Liu, 2008; Amiaret al, 2008) and network
distance (Apparicio et al, 2003; Sharkey and H@@8) are often used to measure
the distances between the health care servicedamevand users. Distance is related
to access and utilization. The farther the tramglidistance to a service facility, the

less likely an individual will use the service fiitgi (Sherman et al, 2005). Distance

15



can be measured from different locations of impur¢ato individuals, for example,
from the home or workplace. Some studies have foangreater propensity for
individuals to utilize health services near a platéeemployment rather than their
residence (Gesler and Meade 1988; Fortney, Roat. 2000). Niggebrugge et al
(2005) mentioned two additional indicators of asdgiity as calculated using GIS:
road length in measured in kilometres per thougamllations, and the presence of a
major road in each local community, both were fotmtiave enhanced the power of
the IMD2000 index.

Some researchers have argued that the effect taindes on the use of health
services is affected by the time and cost of travempounded by topography and
poor road conditions (Vissandjee Barlow et al., 7,9%oan et al., 2002), and by a
shortage of public transport (Mwaniki Kabiru et &002; Krasovec, 2004). Poor road
conditions were associated with longer travel timegeach health care facilities,
whereas better road conditions were associated meigllar visits to a physician
(Ramsbottom-Lucier et al, 1996). Therefore, gooddraonditions can be one
accessibility indicator because it assists humabhilihowithin an area. If there is an
improvement of the transportation network, themight be anticipated that there will
be a change in the level of access to health eaikties (Wachs and Kumagai 1973).
Having a vehicle and a good road network could medvantage over the use of a
public transportation system. People with a car ttavel to the nearest health care
facilities with a reduced travel time compare tosth who do not have a car and have
to rely on public transport.

Increased travel distance will increase travel timech directly or indirectly
impacts on travel cost as the user takes the effodrganize their time to visit a

health care service. Penchansky and Thomas (198&gride this concept as
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affordability. Bice, Eichhorn et al. (1972) argubat affordable or subsidized health
services provided through Medicare have played mmale in increasing access to
health care services in Australian (and Victorigglen (2001) examined this concept
of health care facilities to education services 8und that the distribution of travel
cost between resident locations (blocks) and sshigokquitable on the basis of the
density of resident populations and the socioeconostatus (SES) of resident
populations. Spatial inequities in access to scheeie substantial and varied by
county and school zone. She argues that thesesisseepotentially relevant when
considering health care service access (Talen,)2001us, the location where an
individual lives is a sensible health care senaceessibility indicator which may be
influenced by whether the area is urban, ruralrban fringe area.

Indicators like the ratios of number of health careviders or facilities to
population are often used to evaluate the degreacoéss to care in a designated
catchment area. For example, facility-user rattbe (wumber of users per facility),
doctor-patient ratios, hospital bed-population asti nurse-patient ratios, among
others, can be used (Cervigni et al, 2008). Keysiamations and measures of
accessibility are summarized in Table 2-2 and tlstngommonly used measure of
accessibility are listed in Table 2-3, which ina@udl) measures based on the gravity
potential model, (2) measures based on travel isupesl (distance, travel time and
travel cost), and (3) measures based on numbeaadfties within specified travel
impedance.

Among other accessibility measures utility basedsnee is complex because
in this model individuals’ utility using behavioerg. travel behaviour, their decision-
making preferences e.g. individuals time or abitityd satisfaction are used. Space-

time accessibility measures is utility based adbégg measure and it have received
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much attention in recent years due to their sestsitto differences in individual
ability to participate in activities in space amue (Miller 1991, Kwan 1998; Weber
and Kwan 2003),. Space-time accessibility measaredased on the construct of the
space-time prism proposed by Hagerstrand (1970)clwhable be visualized
individuals activities and travel in 3D space-time.

On the other hand, the two-step floating catchnaeas (2SFCA) method is
inspired by the spatial decomposition idea or spagpe of gravity model was first
proposed by Radke and Mu (2000) to assess soamagrgms. Luo and Qi (2009)
improved the model for measuring spatial accessibddressing the problem of
uniform access within the catchment by applyingghts to different travel time
zones to account for distance decay. This modes amd have a distance friction
function it relies on a predefined travel thresh@Wfang, 2011) even though it

becomes widely accepted.

Table 2-2 Key consideration and measures of accessibility

Dimension Key Consideration Measures Reference
Spatial Number of facilities within specified Count Apparicio (2008)
areal/distance
Network distance to specified serv Lengtk Ingram (1971)
Apparicio, Cloutier et
al. (2007)
Travel cost and travel tin Cost andtime Talen (2001), Higc
(2004)
Average distance to specific number Length Talen (1998)
of facilities
Temporal Available consultation ho Time Campbellet al(2005]
Theme Demography cost of services, health Statistics Field and Briggs
insurance. (2001)
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Table 2-3 Commonly used measures of accessibility

Measures of accessibility Reference

Gravity potential Model Stewart (1942), Hansen (1959)
Distance between user and health care service facilities Green and Krotki (1966)
Travel time between user ahealth car service facilities Bosanacand Parkinson et (1976
Travel cost between each user and all service fasiliti Airey (1992)
Number of facilities within specified distance. Appaviet al (2008)

2.5.1 Measures based on the gravity potential model

Gravity potential model is the most commonly usedasure of spatial
accessibility found in the literature (Pacione, 998alen, 1998). The model is based
on Newtonian physics, where facilities are weigtigdheir capacity and adjusted for
the friction of distance (Cho, 2003). The gendoaimula for gravity-based spatial

accessibility is (Guagliardo 2004):
S
— J
A=Y, g
ij

Where A is spatial accessibility from population pointwhich may be a
personal residence or the centre of an area akstt¢e.g. MB centroid);;$s service
capacity at provider locatignwhich reflected the number of providers at theatmn
and their combined capacity for health care provisg; is the travel impedance, e.g.
shortest network distance between poirdadj; andp is a gravity decay coefficient,
sometimes referred to as the travel friction coeffit, representing the change in
difficulty of travel as travel distance or time cigg.

Initially, the gravity model was only used to modeipply, and there was no
adjustment for demand. Joseph and Bantock (1982)osed a new equation to
account for spatially varying population demand
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S p
J V. = Tk
dijﬁ\/j ,and V Zk dﬁ

A=Y,

WhereV; is the population demand on service provisioroeationj, obtained
by summing the gravity-discounted influence of pbpulation points within a
reasonable distance, aRg is population size at poik (e.g the centroid of a MB)
(Joseph and Bantock, 1982).

Hansen (1959) has shown that valuesAofmay range from 0.5 to 3.0. He
argues that the variation in the exponent for dife trip purposes seems reasonable
when only those examinations conducted within udn@as are considered. He points
out that studies indicate decreases in the exp@emips become more important and
suggests different exponent value for school %6+), shopping trips (2.0), social
trips (1.1), and work trips (0.9). A decrease ie #xponent means that distance
becomes a less restrictive factor for the relaiesl i.e. people are willing to travel
further than they are for other trip purposes (l¢and959).

Talen and Anselin (1998) demonstrate that accdisgibmproves if the
number of providers increases, if the capacityngt@ovider location increases, if the
distance to the provider decreases, or if the trévetion decreases. Talen and
Anselin (1998) also point out two problems in comipy spatial accessibility over a
field of population point for studying geographiariation: first, the value of the
decay coefficient is often unknown (Talen and Amsel998), particularly for health
care facilities; and second, th¢scale cannot be easily estimated e.g., the provider

population ratio (Guagliardo et al., 2004).
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2.5.2 Measures based on travel impedance

The two most common types of distance measure fasatbtermining spatial
accessibility in the literature are the Euclide&tahce (more often known as straight
line distance) and the Manhattan distance (distatmaeg two sides of a right-angled
triangle, the base of which is the Euclidian disgnIngram (1971) suggests that the
Manhattan network distance measure is more ap@ateptihan Euclidean distance in
measuring gridded road network in urban areas Apparicio et al (2008) argues that
the shortest network travel time is more accutz@ tany other distance measures.

Spatial accessibility to service facilities frompoadation points have been
determined using travel time (Burt and Dyer 19Adjhere travel time is often
calculated using the existing road network, theadise is converted to travel time by
using a suitable conversion algorithm and the tréivee is also dependent on the

mode of transportation used, e.g. travel by carutlic transport (Figure 2-4).

,,,,,, SlowSpeed ) High Speed Slow Speed
Road Segment Road Segment

Distance Distance

Health care Service
locations

Distance

Figure 2-4 Varying travel impedances involved in driving toa health care service
location via a road network (adapted from Burt and Dyer, 1971)

From a user's perspective the journey can be mampiex on public
transport, and factors such as walking betweersp@mn stops or stations, waiting for

the next available transport and other scenaried t@ be considered (Figure 2-5).
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Figure 2-5 Varying travel impedances involved in travellingrom user location to
provider location, with walking components

Travel cost is an alternative method for measusipafial accessibility (Pearce
Witten et al 2006). Like the shortest network dis& by time, travel cost also uses
the road network system and is measured by usiagdistance travelled and a
suitable conversion algorithm. Calculating the élasost for travel between the user’s

location and health service provider is therefetatively simple.

2.5.3 Measures based on number of facilities within spefaed areas

The number of facilities within a specified travehpedance (e.g. travel
distance, travel time or travel cost) is a commamed method to measure spatial
accessibility. Distance can be measured either fthen supply perspective, e.g.
catchment area for a specific health care servicefrom the individual users
perspective, e.g. distance to the closest heatthsmvice facility (Fryer et al., 1999,
Fortney, Rost et al, 2000) or both (Parker and QCmeihp1998). For example,
Apparicio et al (2008) have used the following meas of spatial accessibility: the
number of facilities within a specified distanceesge distance to 3 closest services;

average distance to 5 closest services, and avdrstgace to all services.
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2.6 Indicators / measures of spatial patterns and spadl associations

Spatial patterns can be defined as the spatiahgeraent of objects on a
designated surface by their spatial locations. &la#e a number of spatial statistical
approaches in the literature to describe spatitiepes. Spatial statistics have been
used in a range of accessibility studies (e.g.Taled Anselin 1998; Algert, Agrawal
et al 2006; Apparicio 2007; Sharkey Horel et al 200iang et al 2011), including
indicators of both global and local patterns oftgpassociations, and more and more
emphasis on local patterns of spatial association.

There are only a few examples in accessibility issidvhere spatial statistical
measures especially Moran's | were used. It hasagdpeared that local spatial pattern
analysis is more popular than global spatial patteralysis. Apparicio et al (2007)
used spatial statistical analysis to identify sgatlusters. Jiang et al (2011) used
global and local Morna’s | statistics for explongtaata analysis purposes, visualize
and understanding spatial distribution and spadisdociation between variables.
Global spatial pattern analysis has been usedisnstindy to understand the global
pattern of the data and local spatial pattern amalyocal Moran and hot spot analysis
using Getis-Ord Gi*) has been used to identify ®u®of high or low accessibility

areas have been given to indicators of local padtef spatial association.

2.6.1 Measures of global spatial patterns

Tobler’s first law of geography states that ‘evamy is related to everything
else, but closer things are more related thanrdisténgs’ (Tobler, 1970), which has
been commonly considered as the foundation of apatitocorrelation and other
spatial-statistics. Informed by the first law ofogeaphy global spatial statistics has

been developed for analyzing the overall spatiétepa or trend of the collected data.
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Global statistics indicates correlation of a valeabith itself through space (Chen, J.,
C. Yanan, et al. 2011). Two most commonly usedajigpatial statistics are: Morans
| and Getis-Ord General G.

The global spatial statistic Moran’s | (Moran, 19%0easures global spatial
autocorrelation based on feature locations andcaded attribute values (Moran,
1950). Moran’s | measures both the proximity ofalsens and the similarity of the
characteristics of these location. The proximityamfations is often specified in terms
of various forms of inverse distance between poindsdj, and the similarity of
attribute values between two points can be caledlah terms of the difference
between each attribute value and the mean oftelbatie values in question.

Moran’s global | statistic measure spatial autoglation without
distinguishing between patterns dominated by camatons of high or low values.
The Getis-Ord General G statistic enables thesesdasbe distinguished.

The Getis-Ord General G statistic measures theedegfr clustering for either
high values or low values or concentration of haghlow values for a given study
area. This global spatial statistics are most &ffeavhen the spatial processes being
measured are consistent across the study area.ltResill then be a good
representation or summary of the overall spatidgiepa (Getis and Ord 1992). The
Getis-Ord General G statistic tends to have a k@he when the locations where
high values are located near one another outwéighocations where low values are
located near one another (and vice versa), andhblps to determine whether it is
clusters of high values (“hot spots”) or low valyésold spots”) that contribute most
to an overall finding of positive spatial autocdaten

The Getis-Ord General G statistic has been implésdeas the high/low

clustering tool in ArcGIS (ESRI, 2012a). Used asrdarential statistic the results of
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the analysis can be interpreted within the conte#x@a null hypothesis. The null

hypothesis for the general G statistic states &hsrno spatial clustering of the
values". When the absolute value of the z scolage and the p-value is very small,
the null hypothesis can be rejected. If the nupdthesis is rejected, then the sign of
the z score becomes important. Positive z scoraevaieans high values cluster
together in the study area where negative z scalgevmeans low values cluster

together (ESRI, 2012a)

2.6.2 Measures of local spatial patterns

In many spatial analyses it is necessary to know dlegree of spatial
association between variables. More recently a rurobadditional model of spatial
statistics, known as local spatial statistics Hasen developed to measure association
between a single; and its neighbours within a specified distanceti€Gand Ord
1996). There are many local spatial statistics lalskd for measuring spatial
association and identifying spatial clusters (&gt spots and cold spots), such as
Getis-Ord Gi* statistic, Local Moran’s |, and Lodaldicator of Spatial Association
(LISA).

The Getis-Ord Gi* statistic is a local spatial stits (Getis and Ord 1992)
commonly used in hot spot analysis for assessingl Ispatial patterns and trends.
This statistic is popular in crime analysis, epi@@ogy, voting patterns, economic
geography and demographics. In ArcGIS, the Get-@GiF statistic is implemented
as the hot spot analysis tool. The Gi* statistidicates whether features with high
values or features with low values tend to clustex study area: if a feature's value is
high, and the values for all of its neighbouringtfges are also high, it is a part of a

hot spot; if a feature's value is low, and the galtor all of its neighbouring features
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are also low, it is a part of a cold spot. The &titistic returned for each feature in
the dataset a z-score: for statistically significpasitive z-scores, the larger the z-
score, the more intense the clustering of high esl¢hot spot); for statistically
significant negative z-scores, the smaller thearescthe more intense the clustering
of low values (cold spot).

Local Moran's I, commonly known as Anselin Local fdo's |, is often used
to identify statistically significant hot spots, Idcspots, and spatial outliers (ESRI,
2012b). A positive local Moran's | value indicatest the feature has neighbouring
features with similarly high or low attributes vakiand hence this feature is part of a
spatial cluster. A negative local Moran's | valuglicates that a feature has
neighbouring features with dissimilar values andréfore this feature is a spatial
outlier. In either instance, the p-value for thatéee must be small enough for the
cluster or outlier to be considered statisticallgngicant. The output field,
cluster/outlier type (COType), distinguishes betweestatistically significant (0.05
level) cluster of high values (HH), cluster of lmalues (LL), outlier in which a high
value is surrounded primarily by low values (HLjdeoutlier in which a low value is
surrounded primarily by high values (LH) (ESRI, 2@}

Local indicator of spatial association (LISA) isyastatistic that satisfies two
requirements: (a) for each observation it gives iadicates the extent of significant
spatial clustering of similar values around thaseswation; (b) its sum for all
observation is proportional to a global indicatbspatial association (Anselin 1995).
A randomization approach is often used to genesaspatially random reference
distribution to assess statistical significanceSAImaps are particularly useful to
assess the hypothesis of spatial randomness addrttify local hot spots. LISA can

be done with single variable (univariate LISA) oittwmultiple variables (bivariate
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LISA). Univariate LISA maps may mask multivariatesaciations, variability related
to scale mismatch, and other spatial heterogef(@iypda Center, 2012).

Values of Local Moran’s | can be represented inaterplot, with the vertical
axis represents the spatial lag of the variable andhe horizontal axis the original
variable (Anselin, 1992). Figure 2-6A shows 4 qaads for univariate Moran’s |
scatterplot with variable ik andy axis, and Figure 2-6B shows a multivariate
Moran’s | scatterplot with variables mandy axis. In the scatterplots, as shown in
Figure 2-6C, high-values surrounded by high valaespresented as HH points (red)
in the upper right quadrant, low value surroundgdol values is represented as LL
points (blue) in the lower left quadrant, low valsarrounded by high value is
represented as LH points (light orange) in the lonight quadrant, and high values

surrounded by low is represented as HL points (Qrethe upper left quadrant.

# Moran Scatter Plot (Make_lisa_index_sho _[olx]
Moran's I = 0.8533 Moran's T =0.0635
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A. Univariate Morans | scatter B. Multivariate Morans | scatter C. Interpretation of Morns |
plot plot correlation quadrants

Figure 2-6 Interpretation of the data points in the 4 gadrants of a univariate and
multivariate Morans | scatterplots

Gi* and LISA statistics are two different measumas spatial association.
Positive values in Gi* statistic indicates a sgatiaistering of high values whereas
negative values indicates a spatial clusteringpwaf Values. In contrast, for the LISA,

a positive value indicates spatial clustering afikir values (either high or low), and
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negative values a clustering of dissimilar valueg. digh values surrounded by
neighbours with low value and vice versa (Anselif95). This study used only

univariate LISA analysis techniques.

2.7 Conclusion

Based on literature review, this chapter clariftes terms access, accessibility
and spatial accessibility and draw a distinctiotween those terms. This chapter also
highlights the development of the accessibility swgas in different disciplines over
time. It is clear that road network based shortestel distance and shortest travel
time are preferred measures of spatial accesgibilitavel distance and travel time
based service catchment area analysis are oftehtaghe estimation of population
within a service catchment area. Shortest traveiadce based gravity index have
been used to measure spatial accessibility tolheale facilities locations from their
potential users location. Exploratory spatial dedaalysis, spatial statistical
approaches, and global and local spatial statistiteasures have been used to

identify trends and locations of spatial clustering
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Chapter 3 Research Methodology

3.1 Introduction

This chapter describes the GIS-based research dwtgy developed for
characterizing spatial variation in access to headire facilities in terms of the spatial
distributions of potential users, health care faed, and transportation infrastructure,
and for identifying local communities where spat@dcessibility to health care
facilities is relatively poor.

The Chapter begins with some clarification of keywaepts and definition of
relevant terms used in this thesis, and then fabbwy sections on the following
issues: considerations for selecting the case sitely, data requirements of the study;
data collection and preparation; the developmentt @pplication of geoprocessing
and spatial analytical procedures; and the steqsvied in the generation, evaluation

and refinement of the outputs (e.g. maps, tabless).

3.2 Conceptualizing spatial accessibility

Accessibility has three inter-related dimensiopsitgl, temporal and thematic
(Figure 3-1). The interactions among these thremedsions have significant
influences on health care facility accessibilityccassibility can be discussed either
individually or in various combinations of thesedh dimensions, from either the

service user’s perspective or the service provideerspective.
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Due to time constrains and the complexity of inahgd the temporal
dimension (e.g. accessibility in 24 hour time windiothis study concentrated on the
spatial dimension (e.g. location of the health céaeilities) and the thematic
dimension (e.g. socio-economic and demographic achewistics of the potential
users), as indicated by the shaded area in Figute Accessibility can be
conceptualized as an interaction of three intetedladimensions: space; time and
theme (attribute e.g. characteristics of populatboropening hour of a GP/Surgeon
clinic). Thematic accessibility can be conceptualias an interaction of non-spatial
factors of two different entities; for example aeraction between the characteristics
of population e.g. low income population and chtaastics of health care facilities

e.g. cost for service can be considered this way.

f —rhomode-taosnd JF lkcnmc ae b b £ - rhomedt - &maoml

Figure 3-1 Accessibility in terms of the interactiorof space, time and theme (based on
personal discussion with Dr Gang-Jun Lid)

! This figure has been developed during the confirmation of candédattir the help of Dr. Gang-Jun

Liu.
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Spatial accessibility is conceptualized in thigigtas the easiness for reaching
a destination location (e.g. location of healtheckacilities) from a Mesh Block (MB)
centroid by a member of the local community whalriwing a car, and measured as
the travel distance or travel time to the nearesith care facility via a transportation

network.

3.3 Selecting a study area

To uncover spatial variations in accessibility ®ahh care facilities from a
dispersed population using a variety of transpimmatnodes, a case study area with a
combination of urban and rural qualities is regdrde desirable. So the decision has
taken to focus on the Shire of Cardinia, which asated on the outer fringe of
metropolitan Melbourne, 65 km south-east of MelbeuGPO (See Figure 3-2).

Further details about the case study area willrbegmted in chapter 4.

Figure 3-2 Select a case study area
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3.4 Specifying the research outputs

The study aims to develop a GIS based method éomivestigation of spatial
accessibility to health care facilities at fine tiaresolution, and for mapping the
spatial variations of population, health care fded and transportation system,
uncovering spatial variation in spatial accessipiland identifying disadvantaged
locations / local communities.

To map spatial variations in population, health ecafacilities and
transportation system within the study area, thidysused fine spatial resolution data
set. The Spatial distribution of population at M&/¢| is mapped to show how the
residential population varies spatially. Using desitial address points and a method
described by Millet et al (2010), a residential @3$d cluster has also been developed
to validate population distribution. To map spatiakiations in the distribution of
health care facilities, address locations of sekdtealth care facilities has been
collected and geocoded and the overall health feaitities and population ratio and
the number of facilities per locality are derivethe spatial configuration of the
transportation system in the study area is mappeerins of the spatial layout of the
road network and the public transportation servieeg. bus and train). As there is no
data for the travel behavior of the resident pojpama the method of travel used to
reach work, car ownership and proportion of popoitatvork within the study area
has been used as a proxy.

It is assumed that there exists a spatial variatiothe distribution of the
population, health care facilities and transpastatinfrastructure, which may have
some influence on spatial accessibility to headhedfacilities. So it is important to
investigate spatial variations in spatial acce8giktio health care facilities in a finer

spatial resolution.
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Exploratory data analysis with Geoda and thematppmg with ArcGIS has
been used to visualize the spatial variations ipugation, health care facilities,
transportation system, and spatial accessibiligpl&atory data analysis in Geoda
provides useful rocedures for identifying spatiariations in the data set. Geoda
offers box plot and histograms using the attributethe data also can generate four
different types of maps e.g. Quantile maps, Pelleemiaps, Box plot maps, Standard
Deviation map. Visualization and measurement ofiapaariations in the distribution
of the population, health care facilities and tparation, as well as accessibility index
helps to describe and analyze spatial patternssaatial associations among the
demand for health care services, provision of hezdre services and accessibility to
health care facilities within the study area.

Statistical analysis of spatial patterns helps idhentification of locations
where accessibility to health care facilities idatigely poor. Approaches for
investigating spatial patterns and measuring feniiflying disadvantaged locations

will be presented in section 3.7.4.

3.5 Specifying the input data requirements

To investigate spatial accessibility to health damglities, three main types of
data are required: the location of the populatiod &heir main characteristics, the
location of the health care facilities, and thetigppdayout of the transportation system
(e.g. road network).

Locations and characteristics of the resident ptmr are needed to
characterize the demand for health care servicess@ data contains detailed and
vital characteristics of the local communities (eage and gender distributions,

personal and household income levels, car ownershiployment, etc). For the 2006
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census, community profile data are aggregated adkravailable only at the Census
Collection District (CD) level. The study developadmethod to disaggregate the
census data into a finer spatial resolution, he. Mesh Block (MB) level. MBs are
the smallest geographic regions in Australian Stiatil Geography Standard (ASGS)
(Australian Bureau of Statistics, 1995). Due toited availability of data on users’
travel behaviour and users’ preference to healthe ciacilities in terms of
professionals, costs, gender or culture, this sas$yimed that the residents will travel
to their respective nearest health care facilitiascording to the first law of
geography, and assumes that all facilities arelequarms of user’s preference.
Locations for the selected types of primary heattire facilities, i.e.
pharmacy, GP/Surgeons clinic and dental clinichimita 1.5 km buffer of the study

area, are collected to account for possible edfgetdf This may be adequate for

! there are not many health service facilities beyordShire boundary — e.g. the southern part in the
study area has a boundary with the cost line, in the norté ther massive water body (Cardinia water
Reserve) and in the North-East large natural reserve (BuBtate Park). Precisely there are no
available services within those areas.

On the other hand, there are also a few data limitatiottisis study — e.g. the study do not
know the residents health seeking behaviour (e.grasieents preferred health care facilities or how
far they willing to travel to etc or if there is adlid care facilities preference is it for good service,
close proximity or low cost).

Without knowing the residents health seeking behaviours,difficult to distinguish who is
using what services and therefore difficult to speaifyertinent buffer distance.

A 1.5 km buffer is set to include all health care factittbat are located beyond the Shire’s
boundary but within the maximum distance an ordinary persavilliag to walk to consume these

services.
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walking based travel but may be inadequate whewindyiis the main mode of
transportation. Census data analysis has reveaktdntore that 55% of working
population travel outside of the study area forirttveork. They may find more
suitable health care facilities and professionaist mo their workplace or in between
their work and home, however this is not known.

Data on road transportation infrastructure (roatvogk) and associated speed
limits was collected to measure travel distance @®adel time between health care
facilities and the local communities. The publ@ngportation network (e.g. bus stops
and bus routes, and train stations and railways)irneere also collected to better
understand the patial layout of the transportatietwork across the study area. In the
study area, the proportion of the population usgidplic transportation, walking,
bicycling is significantly low. Therefore, car bastansportation was chosen in this
study as the only mode of transportation betweenldghation of the population and
the health care facilities. Train and bus basedipttansportation infrastructure have
been used to identify the overall condition of sportation systems, but they were
neither integrated into the travel distance andefrime measurement nor included in
the calculation of accessibility index.

In addition, address points were required to getedbe location of all health
care facilities, and other spatial data sets ssdhe& Cardinia Shire boundary, locality
boundaries were also required to provide a realggiographical context or spatial

framework of the study area.

3.6 Data collection and preparation

This section describes the data sources (see Bablend procedures for data

collection and preparation.
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Table 3-1 Required input data and data sources

Data source Data type Description Data format
ABS Spatial Mesh Blockboundar Polygon
Census Collection District Bound: Polygor
Attribute Census Collection District level populatioexcel Table
census of 2006
VicMap Spatial Address points Point
Admin boundaies (Shire and localit Polygor
boundary)
Road network Line
Rail network, train stations Line, Point
Metlink Spatia Busroutes,bus tops Line, Point
Attribute Time tables PDF
DHS Address and Health care services locations and attribute  Excel Table
attribute
Yellow Page Address ant¢ Health car services locations and attrib  CSV
attribute

Census data and associated spatial boundaries eaected from the

Australian Bureau of Statistics (ABS) websitewi.abs.gov.au Detailed 2006

census data are available only at the CD leveigpex] Excel table format. There are
74 CDs in the study area. Those zipped files wenentbaded and then extracted
using WinZip. Figure 3-3 illustrates the censusadaeparation procedure. The main
attribute associated with health care facilities tue location address of the facilities,
service type, name of the professionals and phamebar. There are few facilities

where fee types (e.g. bulk billed or not) and opgmiour has been disclosed.

\ \ A
% Download Unzip Excel table Combine import \‘\ /"

Geo-database

Figure 3-3 Census data preparation procedure
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The addresses of the health care facilities hawn heollected from two
different sources: (a) Department of Human Servicé€BHS) website

(www.dhs.vic.gov.a) and (b) Yellow Pages  Australia  website

(www.yellowpages.com.guby health care types. Those two datasets wera the

merged together; .duplicate addresses for eachhheate type were identified and
deleted to get a single unique address for eaclhheare facility. Then this table of
addresses was geocoded using ArcGIS, un-matcheeszdd were identified in
Google Earth and summarized in a kml file, whichsvexported to shape files and
then merged with those already geocoded addre&gsesal of 184 locations of health
care facilities were initially identified but latem 15 of them had to be excluded,
because 5 health care facility locations were unhst by any means during the geo-
coding process and 10 health care service locati@ne outside of the 1.5km buffer
zone of the study area. Finally, the geocoded adds=of Pharmacies, GP/Surgeons
clinics and dental clinics were imported into adg@abase for supporting subsequent
visualization and analysis. Figure 3-4 illustratd®e health care facilities data

collection and preparation procedure.

Department of

Human service
Health service Combined Excel —> Unique records only

locations

Yellow page

VicMap ——>  Address Points —> Pt s i Geo-coding —>  Address located
ArcCatalog

Address not
matched

'

Searched in Google

Excluded <—— Address not located «— Earth .
i database

Address located

!

C to KML

Figure 3-4 Health care facilities data collection and ggparation procedure
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Information about the transportation infrastructneswork was collected from
the VicMap Data Service. All the roads within 10oknetres of the study area were
included to get a comprehensive overview. Basedvimnoads road speed limits,
travel time was calculated based on the length@fdad segment. A Network dataset
was then developed to measure the travel timeranvéltdistance between the health
care facilities and the location of the local resits (e.g. MB centroid). Afterwards,
shortest travel distance and shortest travel tiaee been measured, and the shortest
travel distance service area and shortest travel ervice areas were derived. Figure
3-5 illustrates procedures for the preparatiorrarfigportation network dataset and for
conducting network analysis. Data on the publioigprtation network (e.g. train
stop and train lines) have also been collected fthenVicMap Data Service. Bus
routes were digitized using Metlink’s bus routewmtk map. Both train and bus
services were used in this study to gain a betteferstanding of the available
transportation system in the study area. All thyges of transportation infrastructure

were then imported into a geodatabase.

’ | Import to
\___/| Feature dataset

Collect data Healthcare Travel time
Service
Closest facility
ah ) Travel distance
Create Geometric .
Build network
Network
Distance

Slow Speed High Speed
------------- —»  Roadsegment |— ----—--—-——-—-—>  Road segment

— Servicearea [ ——>| Travel distance
Geo-database

Slow Speed

Distance Distance

Figure 3-5 Preparation of transportation network dataset
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In this study, the shortest network distance arattekt travel time has been
chosen to measure the proximity between the health facilities and the user of
those facilities (Figure 3-6) because shortest atwlistance and shortest travel time
both provides most realistic distance measuresmpldied network analysis setting
have been established in the ArcGIS Network Analgsis to measure the travel
distance and travel time between the health cavétiiss and the population centres
(MB centroids). Only four different road speed lisn{40, 50, 80-90, 100 km/h) were
assigned based on the Vicroad’s road speed liniiteout considering road condition
and topography. Network stetting allows U-turnraersections and stop at any point.
Traffic lights are not considered by assuming thealth care service users from
location i are able to travel to a health care facility atakion j without any
disruption. In reality, such assumptions may nohbkl true and hence may increase
the travel time of the users.

a. Euclidian B. Manhattan c. Shortest Network (Distance) c. Shortest Network (time)

Figure 3-6 Travel impedance measures between healthredacilities and their users

Other data sets used in this study include: CD MBdboundaries, collected
from the ABS website; address points, localitiesd docal government area
boundaries, collected from the VicMap Data Serviéd. those data sets were

imported into a geodatabase for supporting subseeuapping and analytical efforts.
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3.7 Geoprocessing and analytical procedures

After all the datasets required for this study hbeen collected, prepared and
organized into a geodatabase, a number of geomiaogeand analytical procedures
have been developed to derive the outputs spedifisdction 3.5 that are required to
answer research question in section 1.2.

To reveal useful spatial variations in accessipiiit health care facilities, it is
necessary to use spatially refined data as inmris@s data collected from ABS at the
CD level has been transferred to MB level usingirapke area weighted areal
interpolation method developed specifically forstlstudy (see details in attached
Ahmad et al 2009 article in Appendix A). To revephtial variation in accessibility
to specific types of health care facility by a Ibossident, it is necessary to first map
the spatial distributions of the population vareshlof the health care facilities, and of

the transportation system across the study area.

3.7.1 Mapping spatial distributions of population, health care facilities and

transportation system
Local population have been characterized and mappeading the following
census variables: percentage of female, aged gmehdent child, unemployed adult
population, proportion of family / household hassldhan 2 cars, and dwelling has
income less than 499% per week. The reason thosbles are chosen are: those are
available in the census data and those are regasgifte most important components
of the demographic and economic characteristic hif tocal residents in the
literatures. The spatial distributions of thoseialales are visualized using thematic
maps (e.g. count, proportion, percentage, densily #nese thematic maps are cross-

checked with map of residential address clusteivelérfrom the Vicmap address
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points using the clustering method developed by piarMaillet, Jappiot et al.
(2010).

Health care facilities have been investigated imgeof the spatial distribution
of these facilities, the number of facilities byc#dities and the overall health care
facility and population ratio. Characteristics loé thealth care professionals are highly
desirable to the characterization of health camlities accessibility. Important
components of health care providers including wagkhours of the health care
professionals within selected health care facdjttanguages and gender of the health
care professional was not identified and charazgdri Due to limited access to these
data, all these important features are assumee éqgbal at each of those facilities.

The transportation infrastructure has been invatd)in terms of its overall
condition of the transportation system. Proportidérpopulation that has less than 2
cars and proportion of population who travel to kvarising public transportation
system has been used as a proxy to justify the fueetie use of car based travel in

this study.

3.7.2 Measuring spatial accessibility to health care fatities

ArcGIS Network Analyst has been used to build adroatwork dataset and
measured the shortest network distance and shdrgesl time from each MB
centroid to its closest facilities. Link impedanicas been measured in metres. All
possible shortest routes to the nearest health Gaoiities, as well as, the
accumulated total road length have been identifedall the MB centroids in the
study area.

Similar to the measurement of travel distance, oremsents of car based

travel time along the road network between healtte ¢acilities locations and all MB
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Figure 3-7 Overall research framework
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centroids have been undertaken using road lengthtramel speed. Travel time has

been derived using the following equation:

T ="y

k=n Vk
Where T; is travel time between a MB centrdidind its closest health care facility

locationj specified by a road network distanc(-:EE:nlk , Where | is the length of the

road segmerk andv, is the speed limits on road segmknt

The road network dataset created for measuringréwel distance was also
used to measure car based service area. Traveanpe was measured in metres
with break distance values set at 400m (metre€)m3a,200m, 5,000m, 10,000m,
15,000m, 20,000m, 25,000m, 30,000m, 35,000m, 4000C@5,000m and 99,999m.
Among them, 400m, 800m and 1,200m are used toifgemtas that are accessible
by walking, and 99,999m was set as the maximunamnlgt to avoid errors in the
computation of service area. Likewise, in measutimg travel distance, U-turn is
permitted at any road junctions, while directiomisasured away from the health care
facilities. Generalized polygons were created fache health care facility. Service
areas based on car travel time measured with biakvalues of B (minutes), 10m,
15m, 20m, 25m, 30m, 35m, 40m, 45m, 50m, 55m, 60m and 99%n were also generated
for each type of facility.

Using the travel distances to the nearest health fezilities, an accessibility
index has been devised using weighted accessibkigsures discussed in Chapter 2.
It is assumed that among the three selected typheatth care facilities for regular

health care problems, pharmacy is the most visfdthwed by GP/Surgeons clinic
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and finally dental clinic. Therefore, a weight of50has been assigned for all
pharmacies, 0.4 for all GP/Surgeons clinics, anél far all dental clinick
Accessibility index has been measured using tHevimhg weighted accessibly index
equation (Liu and Engels 2012):

d, —-d

ij min j

d

max j - min j

— 3 —
A=>3wD; andD; =

Where A = accessibility indexy; is the weight for typg¢ health care facilities,
Djj is the normalized shortest travel distance vatwmeefich health care facilities; id
the measured shortest travel distance (between &tBraid to nearest health care
facilities), dvn j is the minimum travel distance (between MB ceudtrtw nearest
health care facilities) for a typenealth care facilities andng; is the maximum travel
distance (between MB centroid to nearest healtd tamilities) for typg health care

facilities.

3.7.3 Mapping spatial clusters

Spatial variation in accessibility to health caaeilities has been measured in
terms of the total number of the resident poputatimd percentage of households
which has less than 2 cars and dwellings with ineahless than $499 per week
using exploratory spatial data analysis technigoggdemented in the ArcGIS and

Geoda software environment.

! Weight is based on discussion with supervisors, discusstbrcalieagues, friends and personal
experience, in terms of expected frequencies of visit tetfaedlities — e.g. more frequent to

Pharmacies than GPs and visit to the latter is nreqént than to Dentists.
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High/low clustering (Getis-Ord General G) and hpbtsanalysis (Getis-Ord
Gi*) was undertaken using ArcGIS Spatial Statistiosls. Accessibility index and
total population has been used as an input to measerall spatial pattern and local
spatial clusters of MB-based accessibility indeluga. Required spatial weight file
was first developed in ArcGIS and then transfelirdd the Geoda environment to
define the spatial relationships among the keyabdess. Hot spot analysis produced
separate feature class as an output, with assddateores (GiZScore) and statistical
significance p-values (GiPValue). Whereas high/ldwustering analysis produced a
general summary in either a graphical format anrHTML file.

Using ArcGIS Spatial Statistics tools, both globpétial autocorrelation trend
(i.e. Moran’s I) and local spatial clusters andlietg (Anselin Local Morans |) has
been measured. Accessibility index and total pdmrahave been used as inputs to
estimate both overall spatial pattern and localtigpacluster of MB-based
accessibility index values. Likewise, spatial weggfiles for both high/low clustering
and hot spot analysis have been used to definespladial relationships among
features. Spatial autocorrelation analysis canrgé@@ HTML file if required. On the
other hand, cluster and outlier analysis can predeature class as an output. The
feature class has the following attributes: locabrdh index (LMilndex), z-score
(LMiZScore), statistical significance p-value (LMiRlue) and cluster/outlier type
(COType) such as HH, LL, HL and LH as have beenudised in section 5.3 and 5.4.

Using the spatial statistics tools implanted in @&oda environment and the
required spatial weight matrix files, measures miariate LISA can be generated in
the form of cluster maps, significance maps, baspémd Morans scatter plots. These
results can be saved and exported into a shapetdilee use in the ArcGIS

environment for further analysis.
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3.7.4 ldentifying disadvantaged locations / local commutties

Two approaches have been undertaken for identifytigadvantaged
communities based on outputs from the hot spotyaisaland cluster and outlier
analysis are discussed below.

Spatial overlay analysis, union in this case, renlcarried out to identify the
presence of anticipated spatial clusters of lowessibility index and spatial clusters
of high total population counts from hot spot asay Similar analysis has also been
performed on results from cluster and outlier asialyand from univariate LISA
analysis. Table 3-2 shows results of overlayingiapalusters of accessibility index
(Input 1) and spatial clusters of total population courtgt 2): a hot spot of
accessibility index (i.e. a cluster of high accetity values) overlay with a hot spot
of total population count (i.e. a cluster of higial population count) will result in an
overall hot spot (Hot-Hot). Similarly, cold spots accessibility index overlay with
cold spots in total population count will resultamerall cold spots (Cold-Cold). All

other combinations are considered as no clusterimgndom distribution.

Table 3-2 Results of overlaying two layers of cltsrs from hot spot analysis

Input 2
Results Hot Cold No clustering
< Hot Hot - Hot Hot - Cold Hot - No clustering
§_ Cold Cold - Hot Cold- Cold Cold- No clusterin

No clustering No Clustering - Hot No clustering - Cold  dllastering - No clustering

Given the overlay results, the number of MBs, tqgiapulation and other
census variables can then be estimated for easteclype.

Interpretation of overlay results from hot spot lgsa is relatively
straightforward, because there are only nine diffepossible combinations of hot,
cold and not significant clusters. But interpregatof overlay results from cluster and
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outlier analysis and results from univariate LIS#alysis are more challenging, due
to more different possible combinations of varidyyges of clusters such as HH, LL,

LH, HL and not significant / no clustering (Table&R

Table 3-3 Results of overlaying two layers of cltsrs from univariate LISA analysis or
cluster and outlier analysis

Input 2
Results HH LL LH HL Not Significant
— HH HH - HH HH - LL HH - LH HH - HL HH - Not signifcant
é LL LL - HH LL-LL LL-LH LL - HL LL - Not signifi cant
£ LH LH - HH LH-LL LH-LH LH - HL LH - Not significant
HL HL - HH HL - LL HL - LH HL - HL HL - Not significant
Not Not Not Not Not Not significant
significant significant significant significant significant -
- HH -LL -LH - HL Not significant

3.8 Conclusion

This chapter presents the research methodologyindad study. First a case
study area with urban and rural qualities has lsdected. Then spatial accessibility
to health care facilities has been characterizenh fthe user’'s perspective. To map
spatial variation of population, health care faéigi and transportation infrastructure
as well as spatial variation in spatial accessyiland identify disadvantaged
locations, required dataset and sources are ightifhose dataset will be collected,
prepared and organized in a geodatabase. Explgrspatial data analysis will then
be conducted to better understand the spatial ti@riaf the population, health care
facilities and transportation infrastructure in ttese study area. Car based shortest
travel distance, shortest travel time, as well sexvice areas will be derived.
Weighted accessibly index is developed using caedagroximity between health

care facilities and their potential users. Spat@liations in access to health care
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faculties will be investigated using exploratoryasal data analysis and measured
using local and global spatial statistics. Hot spmdlysis (Getis-Ord Gi*), cluster and
outlier analysis (Anselin Local Moran’s I) and uanate LISA analysis will then be
performed to identify the spatial clustering of agevhere spatial accessibility and
total population is relatively high or low. Finallgpatial overlay (union) analyses will
be conducted to identify areas with high and lowessibility clusters in relation to
high and low population clusters. Overall resedraime work has been presented in

Figure 3-7.
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Chapter 4 The Case Study Area

4.1 Introduction

This Chapter describes the case study area arththesets used to investigate
spatial accessibility to health care facilities the local communities. First, the
location, land use and localities of the study ameeluding are described in Section
4.2. Then, the characteristics of the populatidme health care facilities and
transportation system in the study area are destiin Section 4.3 Section 4.4, and

Section 4.5, respectively.

4.2 Location, land use and localities of the study area

The case study area is confined to the CardiniaeShi Local Government
Area (LGA) in Victoria, Australia The shire is located between Pakenham and
Tooradin, about 52 km south-east of Melbourne'srathusiness district (CBD). The
geographical location of the study area (as showrigure 4-1) is between latitudes

37°85"South and 38°33" South and longitudes 14¥&8 and 145°76 East. The

! cardinia Shire's name is derived from the Bunurandg/adawurrung word Kar-din-yarr, which means ‘laugito the sunrise,’
or 'close to the sunrise' (Cardinia shire 2012a¢ difigin of the word goes back before Europeatesa¢int when the
Wadawurrung people would travel to the land betwekat are now Dandenong, Narre Warren, Pakenhan€eamtbourne to

meet with the Bunurong, Wurundjeri and Taungaurueappe for ceremonies, trade and cultural business.
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study area is about 1281 krin size and has a population of 45,552 persons and
21,075 dwellings in 2006, with an average of 2.&¥spns per dwelling (Australian
Bureau of Statistics, 2006). Public transportatiavailable between CBD and
Cardinia Shire include a few bus services alongdlagls and a metropolitan train that
runs to Pakenham. It takes about one and half houttse peak time and about one
hour in off peak by car along the Monash freew&yincess Highway from the CBD

to reach this outer fringe area of Melbourne.

Legend -,
I Study Area
Australia

A

> Melbourng
> Metropolitan

Cardinia
Shire

Legend
::n:Localities
wm Builtup area

Legend
[=Cardinia Shire
— Metropoliton Melbourne

B

—MB

SR

Figure 4-1 The location ), extent ), localities and built-up areas €) of the case study
area

The Shire of Cardinia has 17 built-up areas (Figufe). There are also many
small remote towns to be found within the studyaarEhe entire Cardinia Shire area
has been divided into 74 census collection dist€&CDs) by the Australian Bureau
of Statistics (ABS) (see Figure €)1 A CCD is defined as an area that one census
collector can cover, deliver and collect censusn®rin a specified period. On

average, there are about 150 to 250 dwellings @.0n 2007, the ABS introduced
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the Mesh Block (MB) boundaries for the whole of &aka. On average, there are
about 20-30 dwellings in a MB. In 2007, some basipulation and dwelling counts
and the dominant land use category, from the 2@3&uws, have been released on
Mesh Blocks.

Cardinia Shire is located in an urban fringe zorfe tlte Melbourne
metropolitan area. The land use of the Shire islgmrenantly for agriculture. Other
land use types include park lands, water bodied, small amount of lands for
residential, commercial, industrial, commercialyeational and hospital/medical uses
(Figure 4-2 and Figure 4-3).

As the result of statewide local government refottme, Shire came into being
on 15 December 1994, by merging the Shire of Pakmnivith rural sections of the
Shire of Sherbrooke and City of Cranbourne (AustralBureau of Statistics
1995).The areas within the current Shire boundary wemeeobelonged to the
Cranbourne and Berwick Municipal Districts, whiclene incorporated in 1860 and

1862, respectively.

! Berwick and areas closer to Dandenong, split anay the Shire of Berwick, with the remainder beiegamed Shire of
Pakenham (Arnall & Jackson. 1992).The Shire of Heae Gully, later Shire of Sherbrooke, split away889 and included
areas to the east of Melbourne. In 1973, the Ciavick, including Berwick and areas closer to Darufey, split away from

the Shire of Berwick, with the remainder being raed Shire of Pakenham.
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Figure 4-2 Land use category of Cardinia Shire
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Figure 4-3 Land use map of the study area
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Before the European settlement, the WadawurrungiuBung, Wurundjeri
and Taungaurung people were used to live and conhbleic affairs in the study area.
Europeans settled in this area about 150 years $igoe European settlement this
area has become more populated. According to th® 286 census, there are about
60,000 inhabitants living in this area, including,&85 male residents and 22,855

female residents.

4.3 The population

The study area has a number of interesting dembgrajharacteristics (see
Table 4-1) including the spatial distribution oktpopulation. Figure 4-4 shows the
MB level population density within the study aréiacan be seen that only a few MBs
located in large towns are densely populated. Usssglential address points and the
clustering method developed by Maillet et al (20@®nilar spatial patterns of
population density can be revealed (Figure 4-4).

According to the 2006 census statistics, the ressdef Cardinia Shire were
engaged in a number of different employment sectdle leading employment
sectors were retail (12.2%), manufacturing (12cbpstruction (11 %), health care
and social assistance (7.9%). Interestingly, orypua 8.8% is engaged in the
agriculture and forestry industry (ABS 2006), givimat agriculture is the dominant
land use type in the area. There are 27,203 peopfdoyed, but among which only
32.9% are able to find work within the shire. Imtrast, more than 55% of the total
working population travels outside of the shirevimrk (Figure 4-5). About 60.6% of
the total population is employed full time and 32.4s employed part time; about
66.4% of the population aged 15 and older are eénlabour force and 28.7% are not

(ABS 2006).
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Table 4-1 Demographic profile of the Cardinia Shie

Enumerated data 2006 2001 Change
Melbourne Melbourne 2001 to
Statistical Statistical 2006

Number (%) | Division % Number | (%)| Division %

Enumerated population, including overseas visitors

Total population (a) 45,404 100 100 56,270 100 100 10,866

Males (a) 22,655| 49.9 48.9 27,897  49.6 49 5,24

Females (a) 22,749 501 51.1 28,373 50.4 51 5,62

Overseas visitors 99 0.2 0.8 118 02 0.8 19

Enumerated population, excluding overseas visitors

Total population (b) 45,305 100 100 56,151 100 100 10,846

Males (b) 22,607 | 494 49 27,838 49.6 49 5,231

Females (b) 22,698 50.1 51 28,313 50.4 51 5,61

Population characteristics

Indigenous population 175 0.4 0.4 234 0.4 0.4 59

Australian born 36,689 81 65.7 45,008 80.2 64.2 318,

Overseas born 6,398 1411 28.6 7,980 14.2 29 15

Australian citizens 40,963 90.4 86.7 50,042 80.1 458 9,079

Australian citizens aged

18+ 27,948 | 61.7 65.4 34,692 61.8 64.2 6,744

Institutional population 365 0.8 2.3 487 09 2.5 221

Age structure

Infants O to 4 years 3,527 7.8 6.4 4,256 1.6 6.3 29 7

Children 5 to 17 years 10,387 2219 17.4 12,4p2 222. 16.6 2,080

Adults 18 to 64 years 27,275 60}2 64.1 34,119 60.8 645 6,844

Mature adults 65 to 84

years 3,679 8.1 10.7 4,699 8.4 10.9 1,02

Senior citizens 85 years

and over 442 1 14 617 1.1 1.6 175

Households and dwellings

Owned 5,861 35.2 38.7 5,592 26.6 304 -269

Purchasing 6,324 37.9 26 9,494 45.2 31.8 3,171

Renting 2,267 13.6 21.1 3,381 16.1 225 1,11

Households  (occupied

private dwellings) 15,568 -- -- 19,670 - -- 4,102

Persons  counted ip

households 45,039 - - 55,782 - - 10,74

Average household size

(persons) 2.89 -- -- 2.84 -- -- -0.06

Total Dwellings 21,025 100 100 16,673 100 100 4,352

(Source: Shire of Cardinia 2011)
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Employment locations of the resident

B Within the Shire of Cardinia
B Outside the Shire of Cardinia

O Work location unknown

11.6%

32.9%

55.5%

Source: Australian Bureau of Statistics, CensuBagfulation and Housing, 2006.
Figure 4-5 Employment locations of the residents
The 2006 ABS census data shows that more than 9086useholds within

the study area owned at least one car, about 260%©useholds have only one
vehicle, and about 31.2 % of total households dohawe more than one vehicle. In
contrast, about 42.1% of total households owneddavs; 22.7% owned three cars or
more, and about 63.7% of household owns more thaggoal to two cars. In the
study area, there are about 24.1% (n= 4,081) fasikith income less than $499 a
week (ABS, 2006), Table 4-2 shows percentage ofgh@yed total population aged
over 15, and Table 4-3 shows percentage of uneraglégmale population aged over
15: about 31.9 % (n= 11,074) are unemployed ancrti@n half of them (n= 6,914)
are females. These statistics implies that regssdleeir economic strength, the local
communities have a heavy dependency on car (instéguliblic transport) based
travelling. It can be argued that with a combinatiof absence of car and

unemployment, a large proportion of the populatitay have low mobility.
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Table 4-2 Percentage of total unemployed populativaged over 15

% population Number of MB  Total population  Percentage of total population
(Age >15, n=34,717)

None/No data 88 0 0

0.1-5 137 1,786 5.14

5.1-10 346 7,517 21.65

10.1-15 12 288 0.83

> 15 54 1,487 4.217

Total 637 11,074 31.90

Table 4-3 Percentage of total unemployed female polation aged over 15

Percentage of female

% population Number of MB Total female population
population (Age >15, n=17,576)

None/No dat: 87 0 0

0.1-5 0 0 0

5.1-10 13 96 0.55
10.1-15 322 3,276 18.64

>15 215 3,542 20.15

Total 637 6,914 39.34

The study area has a relatively small populatiae & 2006, but a forecast
indicates that the population could be three timese than current population within

next two decade (Table 4-4).
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Table 4-4 Demographic profile of the Cardinia shie

Forecast year

Summary data

2006 2020 2030
Total population 58,541 107,121 141,659
Resident population in non-private dwellings 431 883 1,221
Resident population in private dwellings 58,109 106,237 40,439
Households 20,527 39,877 53,439
Dwellings 21,280 41,341 56,006
Average household size 2.83 2.66 3

(Source: Cardinia Shire council 2011)

4.4 Health care facilities

Within the case study there are a number of diffepeivate and public health
care facilities available, but there has no hofpitaltogether, 184 health care
facilities were identified within the study areaafle 4-5). Some of these services like
Community Health Care and Maternal & Child Healtte goublic funded; other

services like Pharmacy and Dental are private fdnde
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Table 4-5 Available health care facilities withinthe case study area

Type Number of service Funding
Pharmacy 18 Private
Naturopaths 16 Private

GP 34 Public
Community Health Care 2 Public
Dental 15 Private
Maternal & Child Health 13 Public
Surgery 35 Public & private
Alternative Health Services 6 Public & private
Pathology 3 Public & private
Optometrists 7 Public
Mental Health 5 Private
Massage Therapy 17 Private
Chiropractor 13 Private
Total 184 -

Three types of primary health care services arecssd in this study,
including pharmacies, GP/Surgeons clinic and dentisis assumed that for primary
health care people go to the nearest pharmacyttbagic medicine more often than
go to a GP/Surgeons clinic to get health check-oqeglical examination, consultation
and prescriptions, and that dental service is amathportant form of primary health
care. The ratio of health care facility to popwatis 1:3,310 for pharmacy, 1:1,758
for GP/Surgeons clinic and 1:3,751 for dental clifiTable 4-6), which are much
lower compared to the national benchmarks. For @kmthe national GP to

population ratio is 1:1400 (Victorian Divisions Metrk, 2011).
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Table 4-6 Available health care facilities (Pharmay, GP/Surgeon clinic and Dentist)
within the study area

Types Total Ratio

(n=64) (Persons / health care facility)
Pharmacy 17 3310
GP/Surgeon clinic 32 1758
Dentist 15 3751

There are 64 heath care facilities for the thramamy health care services
selected for this study, including 17 pharmaci@sG®P/Surgeons clinics and 15 dental
clinics. Most of these health care facilities aveated in Pakenham (n=28), Emerald
(n=18) and Bunyip (n=6). The rest of the healthectacilities are distributed in
Beaconsfield, Koo Wee Rup, Lang Lang, Beaconstitdger, Cockatoo and Garfield

(Table 4-5 and Table 4-6). Among the 49 localitvethin Cardinia Shire, only 9

localities have health care facilities (Table 4-7).

Table 4-7 Available health care facilities (Pharmey, GP/Surgeon clinic and Dentist)
within the study area by locality name.

GP/Surgeon
Name Pharmacy Clinic Dentist Total
Pakenham 6 16 6 28
Koo Wee Rup 1 0 2 3
Beaconsfield Upper 1 0 0 1
Emerald 1 11 6 18
Beaconsfield 3 0 1 4
Lang Lang 1 1 0 2
Garfield 1 0 0 1
Cockatoo 1 0 0 1
Bunyip 2 4 0 6
Total 17 32 15 64
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4.5 Transportation

The road infrastructure is unevenly distributedha study area (Figure 4-7).
The southern part of the study area is mainly atjrical with only a few small towns.
The Princess freeway enters the study area nearoBsield and Officer, going
through Pakenham, Nar Nar Goon, Tynong and Garéiettiexits at Bunyip. Another
highway enters at Koo Wee Rup, runs along the Bassst, and exits at Lang Lang.
In contrast, the central west and north westertsdrthe study area is relatively well
populated, have larger towns and many roads. Tioess have different speed limits
and different traffic conditions throughout the da@here are Freeways, Highways,
roads with townships and local roads. The speedslifor the road transportation
network are listed in Table 4-8. Altogether, thare approximately 3,362.5 km roads

within the study area with an average road demsig:63 km roads / kfn

Table 4-8 Speed limits for the road network

Road Types Speed Limits (Km/hr)* Road Length (km)
Freeway 100 68.4
Highway 80/90 84

Roads 50 1,453.6
Roads within township 40 1,756.5

(Source: VicRoads 2012)

Public transportation is inadequate for the poparaliving in this area. There
are two major public transportation systems avélatthin this area, train and bus.
Three different types of train services are avddlalwithin the study area:
Metropolitan train, Regional train and the touRsiffing Billy train. The metropolitan
train runs from early morning to late night throogh the week. Train services
between Melbourne CBD and Dandenong run approxignaggery 15 minutes

Monday to Friday and every 20 minutes on the weg&ekvening service operates
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every 20 to 30 minutes (Public Transport Victor2012). Train service from
Dandenong to Pakenham is less frequent. Duringvdekend, the frequency of train
service is once in a 60-90 minutes. In averag@kiés about 80 minutes by train to
reach Flinders street station in the Melbourne OBin Pakenham, after about 30
stops.

There are 11 bus routes connecting the main lgesMithin the study area,
but most of the bus routes are located in the NW#st part of the study area (Figure
4-7). These bus services mainly connect to Pakenihount Burnet, Cockatoo,
Emerald, Beaconsfield and Officer. Some of the ésigsly run in the morning, some
run once in two hours and some busses have differmaries on weekdays and
weekends (Public transport Victoria, 2011).

This preliminary analysis reveals that the locahomunities have inadequate
public transport (train and bus) services and hiaveepend heavily on their cars for
travelling, as implied by the statistics of car @mship summarized in Table 4-9and
shown in Figure 4-8. According to ABS 2006 censuasthe study area, 4.3% of
dwellings (n=673) do not have any car, 26.9% of limge (n=4,183) have one car,
31.2% of dwellings have less than 1 car (n=4,886) 63.7% of dwelling (n=9,922)

have two or more cars.
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Table 4-9 Proportion of dwellings with car owndersip in the Shire

Enumerated data Number Percentage = Number  Percentage
i . < 2
T ehile ¥ 6
2 vehicles 6,465 41.5
3 vehicles or mol 3,457 22.2 9.922 63.7
Not state: 793 5.1 792 5.1
Total 15,571 100 15,571 100

Car ownership (vehicles per household)
B No vehicles
O 1 vehicle
O 2 vehicles
B 3 vehicles or more
@ Not stated

5.1% 4.3%

22.29%
y 26.9%

41.5%

Source: Australian Bureau of Statistics, CensuRagfulation and Housing, 2006.
Figure 4-8 Structure of car ownership (vehicles penhousehold dwellings) in the Shire
Statistics on travel mode of journey to work by theident population of the
study area shows that only 4% (n= 1,059) of theufadfwns are using public transport
to travel to work, 66.4% (n= 17,812) of the popigattravel to work using car (see
Table 4-10), suggesting that inadequate publicspart services are driving the

population towards using their own motor vehicles.
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Table 4-10 Travel (mode of journey) to work by theesidents of the study area.

Travel to work Cardinia Shire
(includes multi-mode journeys) 2006

Enumerated data number %
Train 956 3.6
Bus 103 0.4
Tram or Ferr 11 0.C
Taxi 10 0.0
Car - as driver 17,812 66.4
Car- as passeng 1,197 4.t
Truck 574 21
Motorbike 136 0.5
Bicycle 72 0.3
Walked mly 55€ 2.1
Other 265 1.0
Worked at home 1,760 6.6
Did not go to wor 2,84¢ 10.€
Not stated 513 1.9
Total 26,809 100

(Source ABS, 2006)

The spatial distribution of two types of car owrngps(i.e. < 2 cars / dwelling

and >= 2 cars / dwelling) are shown in Figure 4r@l &igure 4-11. The spatial

clustering of hot spots and cold spots (based dis@&ed Gi*) of these two types of

car ownership are clearly shown in Figure 4-10 Rigdire 4-12.
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4.6 Conclusion

In this Chapter the study area and some of itscbabaracteristics are
presented. There are 17 pharmacies, 32 GP/Surdie@s @and 15 dentists within the
study area, with a relative lower facility to poatibn ratio of 1:3,310 for pharmacy,
1:1,758 for GP/Surgeons clinic and 1:3,751 for dkedlinic. Among the 49 localities
within the study area, only 9 localities have ona éew of the selected three types of
health care facilities, the rest 40 localities dd have any such health care facilities.
Many of those localities are also not well conndoteth public transport services.
Residents at those localities are depending on tlaes for travel. The availability of
the public transport services within some seletedlities (e.g. Bunyip, Tonimbuk,
Gembrook, Nar Nar Goon, Koo Wee Rup, Lang Lang)arg limited.

About 69% of the total population aged >15 areh@& workforce, and more
than 55% of these employed population travel oattiet study area for work and 96
% of them use their own travel arrangement to rethefir workplaces. Both car
ownership and family income statistics suggest thahy non-working populations,
including young mother with dependent children aedior citizens, especially the
unemployed females in the study area, have a veoy pccessibly to health care
facilities because they are left behind by theirkiray family members without a car.

Spatial variations in accessibility to health céaeilities and disadvantaged

local communities within the study area are presgimt Chapter 5.
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Chapter 5 Spatial Accessibility to Health Care Facilities

and Disadvantaged Locations / Local Communities

5.1 Introduction

This Chapter presents research findings made from $tudy with a
discussion of their practical significance. Theulessare presented in three sections:
Section 5.2 presents spatial accessibility to headte facilities measured in terms of
travel distance, travel time, and service areaswel as spatial variation of the
integrated accessibility index; Section 5.3 presemtsults from spatial clustering
analysis performed on both the total population amd the integrated spatial
accessibility index values; Section 5.4 presentadiiantaged locations / local

communities identified on the basis of spatial taeanalysis.

5.2 Spatial accessibility to health care facilities

Spatial accessibility to health care facilities sw@ad and characterized using
two related approaches: (1) in terms of the shbitagel distance between health care
facilities and the locations of their potential issat the Mesh Block (MB) level, as
well as the respective population and their reléwsotio-economic characteristics

within zone of specified travel distances (Sect®@.1); and (2) in terms of the
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shortest travel time between health care facilitied the locations of their potential
users at the Mesh Block (MB) level, as well as aisged population and their
relevant socio-economic characteristics within zoakspecified travel time. Service
catchment areas based on shortest travel distamtassociated number of MBs and
populations are also determined (Section 5.2.23)ati8l distribution of accessibility
index scores for pharmacies, GP/Surgeon’s clinicgl alental clinics, both
individually and in combination, have also beenspreged in this section (Section

5.2.3).

5.2.1 Travel distance to closest health care facilities

Travel distance to the closest health care fagdlirom MB centroids (as
proxies of local communities) via the road netw@kmeasured using the Closest
Facility tool in ArcGIS according to procedures chiifsed in Section 3.7.2. Table
5-1shows the minimum, maximum, average and stargiardtion of travel distances
(measured in metres) to the nearest health caitgiézcfrom the MB centroids in the
study area. It can be seen that the total lengtinaw€l distance to the closest health
care facilities ranges between 12.6 m and 31.4lomeSresident have to travel over
20km or even more than 30km to access a pharmaeAsuegeons clinic or a dental
clinic. In average, the residents of the CardirhaeSwere required to travel over 3km
(3228.6m) for a pharmacy, close to 6km (5848.2m)adsP/Surgeon’s clinic, and

over 6km (6187.6m) for a dental clinic.
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Table 5-1 Travel distance (m) from MB centroid tonearest health care facilities

Health care facilities Minimum Maximum Average SD

(m) (m) (m) (m)
Pharmacy 12.6 24,478.3 3,228.6 3,348.9
GP/Surgeon 22.9 26,996.1 5,848.2 4,861.7
Dentist 22.6 31,393.4 6,187.6 6,275.6

Table 5-1 indicates that a large proportion of éhbealth care facilities are not
easily accessible by walking. As the availabilifypablic transport services are low in
the study area the local residents have to orgathige own transport in order to
access the health care facilities.

Figure 5-1, Figure 5-2 and Figure 5-3 show the telsbritravel distances and
routes from MB centroids to nearest health carditias and travel distance based
service areas for pharmacies, GP/Surgeon clinicdemdal clinic. Figure 5-1 shows
that areas within easy walking access (<1200myarg limited (highlighted in mars
red, cantaloupe and orange colours) and that a |angportion of the study area have
a travel distance greater than 5km to nearest pm@rrand therefore are accessible
only feasibly by cars. Figure 5-2 shows that themxe only four localities with
GP/Surgeon clinics, therefore only locations wittte 4 limited areas (highlighted
mars red, cantaloupe and orange colour) have exgssato GP by walking. Large
proportion of the study area is beyond 10km from tlearest GP/Surgeons clinics.
Dental services are also available only to foualibies and significant proportion of
the study area is beyond 10km from the nearestteltic, and in the eastern half of
the study area there is no dental service fadliieailable (Figure 5-3). The maps

shown that spatial accessibility to health cardifes as measured by travel distance
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is relatively high in the localities of PakenhamgdWee Rup, Beaconsfield Upper,
Emerald, Beaconsfield, Lang Lang, Garfield, Cockaad Bunyip.

Table 5-2 and Table 5-3 show the estimated numiieMBs and the
cumulative percentage of MBs located within zonespecified distances from health
care facilities. Travel distance can be separatéu acceptable walking distance (
1.2km) and beyond acceptable walking distance )2 The tables show that: (1)
only 5.2% of the MBs (n= 33) are located within kdd from nearest pharmacies,
4.1% (n= 26) from the nearest GP/Surgeons and 88%49) from the nearest dental
service facilities; (2) there are 16.2% (n= 103),8% (n= 69) and 8.9% (n= 57) of
MBs located within 0.8km of pharmacies, GP/Surgeand dentists, respectively;
and (3) only 29.8% (n= 190), 21.2% (n= 135) and 1@# 102) of the MBs are
located within a tolerable walking distance {.2km). Table 5-3 shows that in
average over 70% of the MBs having travel distafies®nd 1.2km from the nearest
health care facilities. Specific service areas thasa travel distance from MB

centroids are presented in Figure 5-2 and Figuse 5-
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Table 5-2 Number of MBs within specified travel dstance (km)

Types MBs within specified travel distance (km)

0-0.4 0.4-08 0.8-1.2 1.2-5 5-10 10-20 >20 Total
Pharmacy 33 70 87 316 90 40 1 637
GP/Surgeons clinics 26 43 66 18¢ 142 16¢ 2 637
Dentists 19 38 45 260 140 96 39 637

Table 5-3 Cumulative percentage of MBs within spéfied travel distance (km)

Types MBs within specified travel distance (km)

0-0.4 0.4-.08 0.8-1.2 1.2-5 5-10 10-20 >20
Pharmacy 5.2 16.2 29.¢ 79.4 93.€ 99.¢ 10C
GP/Surgeons clinics 4.1 10.8 21.2 50.9 73.2 99.7 100
Dentists 3.C 8.¢ 16.C 56.€ 78.¢ 93.¢ 10C

This study also established that only a small pribgo of the population can
feasibly reach their nearest health care faciligsvalking, and a large proportion of
the population do not reside within a tolerable kivad distance from their nearest
health care facilities. The estimated cumulativialtpopulation and the estimated
cumulative percentage of total population withiresfic travel distances from the
nearest health care facilities are summarized ibleTé-4 and Table 5-5 and
illustrated in Figure 5-4. According to the 2006 &Bensus data, there are 27.5 %
(12536 persons), 20.3% (9241 persons), and 1258%/(persons) of the population
reside within a tolerable walking distance of 1.2kmm the nearest pharmacies,
GP/Surgeons clinics and dental clinic respectivalyd majority of the population

have to drive or use public transportation to retaelir nearest health care facilities.
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Table 5-4 Cumulative total population within spediied distance (km)

Types Population within specified distance (km)
0.4 0.8 1.2 5 10 20 >20
Pharmacy 1,73C  6,13¢ 12,53¢ 35,297 42,23 45,527 45,55
GP/Surgeons clinic 1,306 4,623 9,241 23,078 33,537 45,527 45,552
Dentist 71¢ 2,86: 5,867 23,53: 34,223 42,88F  45,55;

Table 5-5 Cumulative percentage of population witim specified distance (km)

Types Percentage of population within specified gtance (km)

0.4 0.8 1.2 5 10 20 >20
Pharmacy 3.8 135 27.5 77.5 92.7 99.9 100
GP/Surgeons clinic 2.8 10.1 20.c 50.7 73.€ 99.¢ 10C
Dentist 1.6 6.3 12.9 51.7 75.1 94.1 100

50 -
= Pharmacy
45 GP/Surgeons clinic
—=— Dentist

AmlativepooUation
N N
o o
| |

0.4 0.8 1.2 5 10 20 =20

Distanace to nearest health care facilities (Km)

Figure 5-4 Estimated resident population within spcified travel distance

Figure 5-5, Figure 5-6 and Figure 5-7 show the spat distributions of MBs (and
associated localities) with travel distances to nesst healthcare facilities that are below or above
the mean travel distances (which are listed in Tabl5-1), and Table 5-6 and
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Table 5-7 summarize the corresponding numbers anmulilative percentages
of MBs and population. It is worth to note that it the limited extent of the area
below mean travel distance, it contains in avemagg half (55.4% or 352 MBs) of
the total MBs (637 MBs) and over half (52% or 23722sons) of the total population
(45552 persons).

According to the 2006 ABS census data, about 3loP%e total populations
in the Shire are identified as dependent populagileciuding unemployed or school
going children), 11.4% of the total dwellings adertified as low income dwellings,
and 22.9% of the total dwellings have less thamara.cPercentages of the dependent
population, low income dwellings, and dwellingsiwit2 cars that are residing within
MBs within or beyond mean travel distances to r&tateath care facilities are
summarized in Table 5-8. It can be seen that imaapealthough large proportions of
the dependent population (63%), low income dwel(®826), and dwellings with less
than 2 cars (72%) are residing in MBs within me@vel distances to closest health
care facilities, there are still significant propons of the dependent population
(37%), low income dwelling (32%), and dwellings kiless than 2 cars (28%) are
residing in MBs with relatively poor spatial acabg#y (or beyond mean travel

distances) to closest health care facilities.

Table 5-6 Numbers and percentages of MBs that asithin or beyond mean travel
distances to nearest heathcare facilities

Health care facilities <Mean % >Mean %

Pharmacy 311 48.82 326 51.18
GP/Surgeons clinic 350 54.95 287 45.05
Dentist 397 62.32 240 37.68
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Table 5-7 Numbers and percentages of persons resid in MBs that are within or beyond
mean travel distances to nearest heathcare facikts

Health care facilities <Mean % >Mean %

Pharmacy 20,422 44.83 25,130 55.17
GP/Surgeons clinic 24,892 54.65 20,660 45.35
Dentist 25,853 56.75 19,699 43.25

Table 5-8 Percentage of dependent population, locome dwellings, and dwellings with
<2 car located within or beyond mean travel distaces to nearest heath care facilities

% of dependant % of low income % of dwelling
population dwelling with <2 car
Below | Above Below | Above Below | Above

Mean | Mean | Total | Mean | Mean | Total | Mean | Mean | Total

Pharmacies 225 8.7 31.2 8.8 2.6 11.4 19.9 3.1 2219

GP/Surgeons| 18.1 13.1 31.2 7.2 4.3 11.4 14.4 8.€ 22.€
clinics

Dentists 18.5 12.6 31.2 7.2 4.2 11.4 15.1 7.8 22|19

80



Yellingbo

Nar Nar Goon

w akenham Sout
! Koo Wef Ryp Nort
:
Tooradin #

£

4

Legend
Travel distance from MB centroid to nearest pharmacy M
(mean = 3,328 metre) A
B < Mean
> Mean 0 25 5 10
Lo L1

Kilometers

[ Cardiania Locality

Figure 5-5 Extents of localities within or beyong
mean travel distance (= 3,328m) from MB centroids

to nearest pharmacies

Yellingbo

Beenak

Tooradin

Legend
MB centroid to nearest GP/Surgeon clinic N
Travel distance (KM) A
I 0-10km
o 25 s 10

>10km
[ Cardiania Locality

Figure 5-6 Extents of localities within or beyondnean
travel distance (= 5,848m) from MB centroids to

nearest GP/Surgeons clinic

81

Yellingbo

ay

Nar Nar Goon North’

A Ug S
&

Legend
Travel distance from MB centroid to nearest dental clinic N
(mean = 6,488 metre) A
I < Mean
o 25 5 10
>Mean

Kilometers

[ Cardiania Locality

Figure 5-7 Extents of localities within or beyondnean
travel distance (= 6,488m) from MB centroids to
nearest dental clinic



Figure 5-8, Figure 5-9 and Figure 5-10 show theiapbaxtents of localities
with travel distances below or above 10km to ndapdsrmacies, GP/Surgeons
clinics and dental clinics respectively. Table StBnmarizes number of MBs (based
on Table 5-2) and Table 5-10 summarizes percentaigtge population that located
within or beyond 10km of travel distance from the@arest health care facilities. It
can be seen that over 25% of the population (m@me 11,000 persons) have to travel
more than 10km to reach their closest GP/Surgebnis or dental clinic and over
7.5% of the population (more than 3,000 personsjne travel more than 10km to

visit their nearest pharmacy.

Table 5-9 Estimated number of MBs below and abov&0km of travel distance from
nearest health care facilities

Health care facilities <10 % >10 %

Pharmacy 596 93.56 41 6.44
GP/Surgeons clinic 470 73.78 167 26.22
Dentist 500 78.49 137 21.51

Table 5-10 Estimated total populaiton below and afve 10km of travel distance from
nearest health care facilities

Health care facilities <10 % >10 %

Pharmacy 42,07¢ 92.3i 3,47¢ 7.6
GP/Surgeons clinic 33,65¢ 73.8¢ 11,89 26.12
Dentist 33,97« 74.5¢ 11,57¢ 25.4%
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Percentages of dependent population, low incomellidge and dwellings
with less than 2 cars located within or beyond 1@riravel distance to nearest heath
care facilities are summarized in Table 5-11. i ba seen that in average very large
proportions of the dependent population (81%), loeome dwelling (83%), and
dwellings with less than 2 cars (85%) are residingMBs within mean travel
distances to closest health care facilities, aedetlare also certain proportions of the
dependent population (19%), low income dwelling%)/ and dwellings with less
than 2 cars (15%) are residing in MBs with reldivpoor spatial accessibility (or

beyond mean travel distances) to closest healthfaailities.

Table 5-11 Percentages of dependent populationwdncome dwellings and dwellings with
<2 cars located within and eyond 10km of travel disnce to nearest heath care facilities

% of dependant % of low income % of dwelling
population dwelling with <2 car
Below | Above Below | Above Below | Above

10km | 10km | Total | 10km | 10km | Total | 10km | 10km | Total

Pharmacy 290.1 2.1 31.2 10.8 0.6 11.4 21.9 1. 22|19
GP/Surgeons| 23.4 7.7 31.2 9.0 2.4 11.4 18.1 4.9 2219
clinics
Dentists 23.5 7.6 31.2 8.7 2.7 11.4 18.8 4.6 22{9

5.2.2 Travel (driving) time to closest health care facilies

Travel (driving) time (measured in minutes) to thasest health care facilities
from MB centroids via road network is derived frahe measured travel distances
according to procedures described in Section 3TabBle 5-12 shows the minimum,
maximum, average and standard deviation of theekr@driving) time to the closest
health care facilities. It can be seen that, ietaibout 4 minutes to reach the nearest

pharmacies, over 6 minutes to reach the neareSu@gons clinics or dental clinic,
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and in average, it takes more than 5 minutes teedo reach the nearest health care

facilities.
Table 5-12 MB centroid to nearest health care falifies travel time (minutes)
Health care facilities Minimum Maximum Average SD
(min) (min) (min) (min)
Pharmacy 0.0z 31.2¢ 3.91 3.9¢
GP/Surgeon clinics 0.0 34.4C 6.4t 5.3€
Dentists 0.03 38.78 6.57 5.86

Shortest travel routes and spatial variations aner (driving) time from MB
centroids to nearest pharmacies, GP/Surgeons <limied dental clinics and
corresponding service areas are presented in Figplr, Figure 5-12, and Figure
5-13, respectively. These maps show similar sppa#iterns in spatial accessibility to
health care facilities, as shown in the travelatise based maps (Figure 5-1, Figure
5-2, Figure 5-3).

Number and cumulative percentages of MBs locatdtinvispecified travel
(driving) time are summarized in Table 5-13 and|&&314. In average, about 60%
of the MBs are located within 5 minutes’ drivingriearest health care facilities, and
residents in about 20% of the MBs have to driveartbean 10 minutes to reach their
closest health care facilities. It should be ndteat spatial accessibility indicated by
travel (driving) time may not represent actual gpatccessibility of the residents in
the study area since many residents may not haa ar may not be able to drive a

car at the time they need to visit a specific leadtre facility.
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Table 5-13 Number of MBs within specified travel driving) time (minutes)

Types MBs within specified time (minutes)

5 10 15 20 >20
Pharmacy 48¢ 90 47 10 2
GP/Surgeons clinics 308 172 110 41 6
Dentists 350 125 97 46 19

Table 5-14 Cumulative percentage of MBs within sprfied travel (driving) time (minutes)

Types Cumulative percentage of MBs within specifitravel time (min)
5 10 15 20 >20
Pharmacy 76.6 90.7 98.1 99.7 100
GP/Surgeons clinics 48.4 75.4 92.6 99.1 100
Dentist 54.9 74.6 89.8 97.0 100
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Figure 5-12 Shortest travel routes and travel (dwing) time from MB centroids to
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Spatial extents of travel (walking) time om510m, and 15n (equivalent to
travel distance of 400m, 800m and 1,200m respdygjivi® nearest health care
facilities are shown in Figure 5-14. It is cleaattlonly a small proportion of the study
area in the 9 localities that have one or a fewhefselected health care facilities (i.e.
Pakenham, Koo Wee Rup, Beaconsfield Upper, EmeBsdgconsfield, Lang Lang,
Garfield, Cockatoo, Bunyip) is located within walli distance (1200m, or 15
minutes of walk) to nearest health care facilitlascal communities residing in a very
large proportion of the study area have to driveeéwh their nearest health care
facilities. Number of MBs and associated populatesided within specified walking
distances to nearest health care facilities arenganzed in Table 5-15 and Table
5-16. It can be seen that in average there aret &48a of the MBs or about 23% of
the total population are located within 15min oflkirag distance to nearest health
care facilities, and over 75% of the MBs or oveft/Bf the total population are

located beyond tolerable walking distance to nedreslth care facilities.

Table 5-15 Number of MBs within specified travel\alking) time (minutes)

Types MBs within specified travel (walking) time (ninutes)

5 10 15 > 15
Pharmacy 44 79 76 43¢
GP/Surgeons clinics 32 57 62 48€
Dentists 26 43 43 525

Table 5-16 Number of populaiton within specifiedavel (walking) time (minutes)

Types MBs within specified travel (walking) time (ninutes)

5 10 15 > 15
Pharmacy 2,76¢ 5,67: 5,61% 31,49¢
GP/Surgeons clinics 1,59¢ 3,74¢ 4,63( 35,581
Dentists 1,169 2,645 3,053 38,687
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Figure 5-15, Figure 5-16 and Figure 5-17 show thatial distributions of
MBs (and associated localities) with travel (drgjntime to nearest healthcare
facilities that are within or beyond mean travelithg) time (which are listed in
Table 5-12), and Table 5-17 and Table 5-18 summahe corresponding numbers
and cumulative percentages of MBs and populatiorshbuld also be noted that
within the limited extent of the area below meaavél (driving) time, it contains in
average over half (60.6% or 386 MBs) of the totaBdV(637 MBs) and over half

(58.4% or 26622 persons) of the total populatid&@bR persons).

Table 5-17 Number and percentages of MBs locatedtin or beyond mean travel
(driving) time from nearest health care facilities

Health care facilities <Mean % >Mean %

Pharmacy 44z 69.3¢ 19t 30.61
GP/Surgeons clinics 337 52.9C 30C 47.1C
Dentists 38C 59.6¢ 257 40.3¢

Table 5-18 Number and percentages of total populi&an located within or beyond mean
travel (driving) time from nearest health care faclities

Health care facilities <Mean % >Mean %

Pharmacy 31,25¢ 68.62 14,29: 31.3¢
GP/Surgeons clinics 23,91¢ 52.51 21,63« 47.4¢
Dentists 24,68¢ 54.2( 20,86: 45.8(
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Percentages of the dependent population, low incamellings, and
dwellings with <2 cars that are residing within MB&thin or beyond mean travel
(driving) time (see Table 5-12) to nearest heatte dacilities are summarized in
Table 5-19. Similarly, it can be seen that in ageralthough large proportions of the
dependent population (62%), low income dwelling%®8and dwellings with less
than 2 cars (69%) are residing in MBs within mewavel (driving) time to closest
health care facilities, there are still signific@nbportions of the dependent population
(38%), low income dwelling (32%), and dwellings hiess than 2 cars (31%) are
residing in MBs with relatively poor spatial acaeggy (or beyond mean driving

time) to closest health care facilities.

Table 5-19 Percentages of dependent populationwdncome dwelling and dwelling with <
2 cars located within or beyond mean travel (driviig) time to nearest heath care facilities

% of dependant % of low income % of dwelling
population dwelling with <2 car
Below | Above Below | Above Below | Above

mean | mean | Total | mean | mean | Total | mean | mean | Total

Pharmacy 22.3 8.7 31.1 8.8 2.6 11.4 18.1 4.7 2219

GP/Surgeons| 17.4 13.7 31.1 7.2 4.2 11.4 14.8 8.6 22|19
clinics
Dentists 17.8 13.3 31.1 7.2 4.2 11.4 15.1 7.8 229

Figure 5-18, Figure 5-19 and Figure 5-20 show thegial extents of localities
with travel (driving) time within or beyond 10mino t nearest pharmacies,
GP/Surgeons clinics and dental clinics respectivéable 5-20 summarizes number
of MBs (based on Table 5-12) and Table 5-21 sunmesaripercentages of the
population that located within or beyond 10min @#vel (driving) time from their
nearest health care facilities. Similarly, it candeen that over 28% of the population

(nearly 13,000 persons) have to drive more thanidOm reach their closest
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GP/Surgeons clinic or dental clinic and over 10%the population (nearly 5,000

persons) need to drive more than 10min to visit thearest pharmacy.

Table 5-20 Estimated number of MBs below and abov&0 minuites of travel time by car
from health care facilities

Health care facilities <10 % >10 %
Pharmacy 57¢ 90.7¢ 59 9.2¢
GP/Surgeons clinics 48C 75.3¢ 157 24.6¢
Dentists 47¢ 74.57 162 25.4:

Table 5-21 Estimated total population below and afve 10 minuites of travel time by car
from care facilities

Health care facilities <10 % >10 %
Pharmacy 40,686 89.32 4,866 10.68
GP/Surgeons clinics 33,44: 73.41 12,11( 26.5¢
Dentists 32,04¢ 70.3¢ 13,50 29.64
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Percentages of dependent population, low incomellidge and dwellings
with less than 2 cars located within or beyond XOmi travel (driving) time to
nearest heath care facilities are summarized ineT&®2. It can be seen that in
average very large proportions of the dependentulptipn (79%), low income
dwelling (81%), and dwellings with less than 2 c@4%) are residing in MBs within
10min travel (driving) time to closest health céaeilities, and there are also certain
proportions of the dependent population (21%), ioeome dwelling (19%), and
dwellings with less than 2 cars (16%) are residnliBs with relatively poor spatial
accessibility (or beyond 10min driving time) to sést health care facilities. It should
be noted that persons belong to the dependent gogrul low income dwellings or
dwellings with < 2 cars may not have a car or matyle able to drive a car to get to

their nearest health care facilities when needed.

Table 5-22 Percentages of dependent populationwancome dwellings and dwellings with
<2 cars within or beyond 10min of travel (driving)time to nearest heathcare facilities

% of dependant % of low income % of dwelling
population dwelling with <2 car
Below | Above Below | Above Below | Above

10min | 10min | Total | 10min | 10min | Total | 10min | 10min | Total

Pharmacy 28.2 2.9 31.1 10.5 0.8 11.4 21.6 1.4 2219
GP/Surgeons| 23.z 7.8 31.1 9.C 2.4 11.4 18.2 4.€ 22.
clinics

Dentists 22.3 8.8 31.1 8.4 2.9 11.4 17.y 5.1 2219

Figure 5-21 shows the statistical relationshipsmveen travel distance and
travel (driving) time from MB centroids to nearétharmacies, GP/Surgeons clinics
and dental clinics. As expected, in general, thexists a stronger positive linier
relationship between shorter travel distance aadetr(driving) time, and a weaker
positive linier relationship for longer travel disice or driving time. The possible

explanation for the weaker correlation between éortgavel distance and travel time
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may be that as the longer the travel takes, thee mifierent road conditions and may

be encountered, resulting in more varied traveétimreach their nearest health care
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Figure 5-21 Relationships (indicated by Moran’s kcatterplot) between travel distance
and travel (driving) time from MB centroids to nearest Pharmacies (left), GP/Surgeons clinics
(middle), and dental clinics (right)
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5.2.3 Spatial accessibility index

According to the procedures described in Sectiagh23.the index value of
spatial accessibility to health care facilities &ach MB centroid has been derived in
three steps: first, the travel distances from MBita#ds to nearest pharmacies,
GP/Surgeon clinics and dental clinics are normdlizéhen, the weights for
normalized travel distances to nearest pharma&&¥Surgeon clinics and dental
clinics are determined (= 0.5, 0.4, and 0.1, retppeyg, see Section 3.7.3 for details);
and finally, the index values for spatial accedisjbito health care facilities are
calculated for each MB centroid.

Table 5-23 summarizes statistics for the normalizedel distances for
pharmacies, GP/Surgeon clinics, and for the spatieéssibility index values. Figure
5-22, Figure 5-23, Figure 5-24 and Figure 5-25 stiogvspatial distributions of the
normalized travel distances and the spatial adméigsindex values respectively. It is
clear that in Cardinia Shire there exists an olwigpatial variation in travel distances
to health care facilities. As indicated in the mamg dark navy blue colour,
normalized travel distances are very small in doalities of Pakenham, Beaconsfield
and Emerald. Similar spatial distribution is shofen the spatial accessibility index
values in Figure 5-25, where these three localipkss additional localities like
Bunyip, Koo Wee Rup and Lang Lang all have low spaiccessibility index values.
Localities in the north eastern part of the studyaa have very high index values of
spatial accessibility to health care facilities,edto the absence of health care

facilities.
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Table 5-23 Summary statistics for normalised traviedistances to nearest pharmacy,
GP/Surgeon clinics, dental clinics, and spatial aessibilty index values (SAIV)

Summary statistics Pharmacies GP/Surgeons clinics antists SAIV
Minimum 0 0 0 0.0014
Maximurr 1 1 1 0.997¢
Mean 0.1314 0.2159 0.1965 0.1717
SD 0.136773 0.1801 0.1998 0.1366
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As shown in Table 5-24 and Table 5-25 and in Figa+&6 and Figure 5-27,
large proportions of MBs (66.5% or 423 MBs) andt@opulation (64.1% or 29,206
persons) are located within the specified intenfad-0.2 for both normalized travel

distances to health care facilities and spatiaéssibilty index values (SAIVSs).

Table 5-24 Number of MBs within specified normalied travel distances or SAIVs

Normalized travel distances or SAIVs

Number of MBs 0-0.2 0.2-04 0.4-06 0.6-0.8 84.0 Total
Pharmacy 504 91 36 5 1 637
GP/Surgeons clinic 336 173 117 9 2 637
Dental clinic 401 140 52 38 6 637
SAIV 453 131 45 7 1 637

Table 5-25 Number of persons within specified noralised travel distances or SAIVs

Normalized travel distances or SAIVs

Number of persons 0-0.2 0.2-0.4 0.4-06 0.680. 0.8-1.0 Total

Pharmacy 35,211 6,865 3,395 56 25 45,552
GP/Surgeons clinic 23,788 12,053 9,132 554 25 45,552
Dental clinic 26,180 11,413 4,845 2,958 156 45,552
SAIV 31,645 9,542 4,120 220 25 45,552

40000

504

30000

Number of MBs

0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0

Normalized travel distances or Spatial Accessibility Index Values (SAIVs) Normalized travel distances or Spatial Accessibility Index Values (SAIVs)

Figure 5-26 Number of MBs within specified Figure 5-27 Number of persons within
normalized travel distances or SAIVs specified normalized travel distances or SAIVs
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Spatial extents of localities within or beyond mestessibility index value
(=0.1717) are shown in. It is clear that only a Bm@portion of the study areas and a
few localities have very high spatial accessibilitpdicated by very low spatial
accessibility index values) to nearest health ¢acdities, but a large proportion of
population reside in locations with high spatiatessibility to health care facilities
due to clustered distribution population within 8tady area.

Table 5-26 shows that large proportions of the ddpat population (65%),
low income dwellings (73%), and dwellings with lebsn 2 cars (73%) resided in
locations within mean accessibility index value,dasignificant proportions of
residents in dependent population (35%), low incalvellings (27%), and dwellings
with less than 2 cars (27%) resided in locationthwgoor spatial accessibility to

health care facilities.

Table 5-26 Percentages of dependent populationwiancome dwellings and dwellings with
<2 cars below and above mean spatial accessibilitydex value

% of dependant % of low income % of dwelling
population dwelling with <2 car
Below | Above Below | Above Below | Above

Mean | Mean | Total | Mean | Mean | Total | Mean | Mean | Total

SAIV 20.2 10.9 31.2 8.3 3.2 11.4 16.Y 6.2 22|19
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5.3 Mapping spatial clusters

According to procedures discussed in Section 3spatial clusters of MBs
are mapped using MB-level spatial accessibility emdvalues and MB-level
population counts as weights.

First, spatial extents of statistically significambt spots (spatial clusters of
high values within a specific geographic area) eold spots (spatial clusters of low
values within a specific geographic area) are ifledt with the Getis-Ord Gi*
statistic (based on the Z-score) for MB-level sgdaticcessibility index values and
population counts, as shown in Figure 5-29 and rieigu30, respectively. Table 5-27
shows the number and percentages of MBs and papulaithin hot spots, cold spots
and no clustering areas identified using Getis-Ortistatistic and MB-level spatial
accessibility index values. Approximately 20% of MBover 10,000 persons) were
identified within hot spots (low spatial accessti)l over 40% of MBs (with more
than 19,000 persons) were identified within coldtsphigh accessibility), and over
40% of MBs (with more than 16,000 persons) weratified within no clustering or
random distribution areas. Table 5-28 shows thebmirand percentages of MBs and
population within hot spots, cold spots and noteltisg areas identified using Getis-
Ord Gi* statistic and MB-level population countsvéd 17% of MBs (with more than
12,000 persons) are identified within hot spotggiihcconcentration of MB-level
population counts) in the localities of Cokatoo, Wb Burnett, Pakenham upper,
Tynong North, Maryknoll, Garfield, Bunyip, Cora Lynand Vervale; about 17%
shows (with less than 3,000 persons) are identifigthin cold spots (low
concentration of MB-level population counts) in tloealities of Officer, Officer

South, Beaconsfield, Cardinia, Rythdale, Pakenhawuths and some part of

106



Tonimbuk, Gembrook and Pakenham; and over 66% o$ l#Bth a bit over 30,000

persons) are identified within no clustering ordam distribution areas.

Table 5-27 Number and percentages of MBs and pomtion within hot spots, cold spots
and no clustering areas identified using Getis-Ordi* statistic and MB-level spatial accessbility

index values
Cluster types MB % Population %
Hot 122 19.15 10,133 22.24
Cold 260 40.82 19,191 42.13
No Clusteriny 25E 40.0: 16,22¢ 35.6:
Total 637 100 45,552 100

Table 5-28 Number and percentages of MBs and pomtion within hot spots, cold spots
and no clustering areas identified using Getis-Ordsi* statistic and MB-level population counts

Cluster types MB % Population %

Hot 108 17.0 12,357 271
Cold 107 16.€ 2,87: 6.3
No Clustering 422 66.2 30,323 66.6
Total 637 100 45,552 100
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Then, spatial extents of statistically significapatial clusters of HH, LL, LH,
and HL are identified with the Anselin Local Moraih'statistic (based on the COType
and LMiPValue) for MB-level spatial accessibilitydex values and population
counts, as shown in Figure 5-31 and Figure 5-3Zpeetively. Table 5-29
summarizes the number and percentages of MBs gnagimn within HH, LL, LH,
and HL spatial clusters and within no clusteringaar identified with the Anselin
Local Moran's | statistic (based on the COType akiiPValue) for MB-level spatial
accessibility index values and MB-level spatial essibility index values. It shows
that over 20% of the MBs and total population aentified within LL spatial clusters
(that have high spatial accessibility), over 15% tBs and total population are
identified within HH spatial clusters (that havewl®patial accessibility), and over
60% of the MBs and total population are identifigithin no clustering areas. Table
5-30 summarizes the number and percentages of M8papulation within HH, LL,
LH, and HL spatial clusters and within no clustgrareas identified with the Anselin
Local Moran's | statistic (based on the COType &miPValue) for MB-level
population counts. It shows that over 80% of the sM@hd total population are
identified within no clustering areas, and onlyitel over 16% of the MBs and total

population are identified within spatially clustdrareas.
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Table 5-29 Number and percentages of MB and popuian within HH, LL, LH and HL
clusters and no clustering areas identified usingnselin Local Moran's | statistic and MB-level
spatial accessbility index values

Cluster types MB % Population %

HH 97 15.2¢ 823: 18.07

LL 135 21.19 9551 20.97
LH 0 0 0 0

HL 0 0 0 0

No Clustering 405 63.58 27769 60.96
Total 637 100 45552 100

Table 5-30 Number and percentages of MB and popuian within HH, LL, LH and HL
clusters and no clustering areas identified usingnselin Local Moran's | statistic and MB-level
populaiton counts

Cluster types MB % Population %

HH 39 6.1 5,957 13.1
LL 63 9.¢ 57& 1.3

LH 14 2.2 22 0.0
HL 6 0.9 842 1.8
No Clustering 515 80.8 38,156 83.8
Total 637 100 45552 100
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Finally, spatial extents of statistically signifitaspatial clusters of HH, LL,
LH, and HL are identified with the univariate lodalicators of spatial association
(LISA) analysis (based on 95% statistical significean of COType) for MB-level
spatial accessibility index values and populatioants, as shown in Figure 5-33 and
Figure 5-34 respectively.

Number and percentages of MBs and population withh LL, LH, and HL
spatial clusters and no clustering areas identiigth univariate LISA analysis on
MB-level SAIVs and MB-level population counts araremarized in Table 5-31 and
Table 5-32. For MB-level spatial accessibility, ab&7% of the MBs (with more than
9,000 persons) re identified within the HH spathlsters (which have low spatial
accessibility to health care facilities), about 4d$4he MBs (with more than 19,000
persons) are identified within the LL spatial chrst (which have high spatial
accessibility to health care facilities), and ov¥di% of the MBs (with more than
16,000 persons) are identified within no clusterargas. For MB-level population
counts, about 12% of the MBs (with more than 8,@@€sons) are identified within
the HH spatial clusters (which have low spatialessibility to health care facilities),
about 14% of the MBs (with more than 2,000 persams)identified within the LL
spatial clusters (which have high spatial accedyilio health care facilities), and
over 69% of the MBs (with more than 32,000 persca® identified within no

clustering areas.
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Table 5-31 Number and percentages of MBs and pomtlon within HH, LL, LH, and HL
spatial clusters and no clustering areas (univaria LISA of MB-level SAIVS)

Cluster types MB % Population %

HH 108 16.9 9,009 19.7
LL 261 40.9 19,336 42.4
LH 0 0 0 0

HL 4 0.€ 321 0.7C
No Clustering 264 41.4 16,886 37.0
Total 637 100 45,552 100

Table 5-32 Number and percentages of MBs and pomtlon within HH, LL, LH, and HL
spatial clusters and no clustering areas (univaria LISA of MB-level population counts)

Cluster types MB % Population %

HH 75 11.€ 8,86( 19.5
LL 87 13.7 2,009 4.4
LH 25 3.9 1,00z 2.2

HL 19 1.6 999 2.2
No Clustering 440 69.1 32,682 71.7
Total 637 100 45,552 100
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5.4 Identifying disadvantaged locations / local commurties

According to procedures discussed in Section 3diggdvantaged locations
or local communities are identified in this studydwverlaying (intersection or union)
spatial clusters of high demands (indicated byspots or HH spatial clusters of MB-
level population counts) and spatial clusters ok laccessibility to health care
facilities (indicated by hot spots or HH spatialusters of MB-level spatial
accessibility to health care facilities).

Spatial extents of disadvantaged locations / lcoahmunities resulting from
union-based spatial overly analysis of the two $ypé hot spots (MB-level SAIVs
and MB-level population counts) identified with t@etis-Ord Gi* statistic are shown
in Figure 5-35: the Cold-Cold spatial clusters cadé spatial coincidents of cold spots
of MB-level SAIVs with cold spots of MB-level pomtion counts, identified by the
Getis-Ord Gi* statistic; the Hot-Hot spatial clusténdicate spatial coincidents of hot
spots of MB-level SAIVs with hot spots of MB-levebpulation counts, identified by
the Getis-Ord Gi* statistic; and all other cases labeled as No Cluster in the map.
Table 5-33 summarizes the number and percentagd8sfand population in spatial
clusters resulted from the union of spatial clustelentified with the Gi* statistic:
about 9% of the total population or nearly 4,000rspas are identified in
disadvantaged locations.

Spatial extents of disadvantaged locations / lcoahmunities resulting from
union-based spatial overly analysis of the two $ypeEHH spatial clusters (MB-level
SAIVs and MB-level population counts) identifiedtiwithe local Moran’s | statistic
are shown in Figure 5-36: the LL-LL spatial clustémdicate spatial coincidents of

LL spatial clusters of MB-level SAIVs with LL spati clusters of MB-level
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population counts, identified by the local Moran’statistic; the HH-HH spatial

clusters indicate spatial coincidents of HH spatiakters of MB-level SAIVs with

HH spatial clusters of MB-level population countientified by the local Moran’s |

statistic; and all other cases are labeled as Nest@ in the map. Table 5-34
summarizes the number and percentages of MBs apdlgimn in spatial clusters
resulted from the union of spatial clusters idesdifwith the local Moran’s | statistic:
about 4.5% of the total population or over 2000 spes are identified in

disadvantaged locations.

Spatial extents of disadvantaged locations / lcoahmunities resulting from
union-based spatial overly analysis of the two $ypeHH spatial clusters (MB-level
SAIVs and MB-level population counts) identifiedtivithe univariate LISA analysis
are shown in Figure 5-37: the LL-LL spatial clustémdicate spatial coincidents of
LL spatial clusters of MB-level SAIVs with LL spati clusters of MB-level
population counts, identified with the univariatéSA analysis; the HH-HH spatial
clusters indicate spatial coincidents of HH spatiakters of MB-level SAIVs with
HH spatial clusters of MB-level population counidentified with the univariate
LISA analysis; and all other cases are labeled @<CNister in the map. Table 5-35
summarizes the number and percentages of MBs apdlgimn in spatial clusters
resulted from the union of spatial clusters idesdif with the univariate LISA
analysis: about 5.5% of the total population orro2800 persons are identified in

disadvantaged locations
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Table 5-33: Number and percentages of MBs and popation in spatial clusters resulted
from the union of spatial clusters identified withthe Gi* statistic

Cluster types MB % Population %

Hot spots 32 5.02 3,976 8.73
Cold spots 32 5.02 1,096 241
No Clustering 573 89.95 40,480 88.87
Total 637 100 45,552 100

Table 5-34 Number and percentages of MBs and popation in spatial clusters resulted from the
union of spatial clusters identified with the LocalMoran's | statistic

Cluster types MB % Population %
HH-HH 13 2.04 2,063 4.53
LL-LL 10 1.57 148 0.32
No Clusteriny 614 96.3¢ 43,34: 95.1¢
Total 637 100 45,552 100

Table 5-35 Number and percentages of MBs and poptlion in spatial clusters resulted
from the union of spatial clusters identified withthe univariate LISA analysis

Cluster types MB % Population %
HH-HH 18 2.83 2,515 5.52
LL-LL 22 3.4t 72% 1.5¢

No Clustering 597 93.72 42,312 92.89
Total 637 100 45,552 100
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The three outcomes presented above are differadtitas difficult to decide
which one is better. To overcome this difficulthetthree different outcomes are
combined to generate two scenarios: (1) a conseevacenario, and (2) a less
conservative scenario, according to rules estaddish Table 5-36. . It should be
noted that in Table 5-36, the number 1 refers ttw@mwld in Figure 5-36, LL-LL in
Figure 5-37 and LL-LL in Figure 5-38, and refersldoations with low demand for
health care facilities and good spatial accessibib health care facilities in both
scenarios 1 and 2; the number 2 refers to Hot-h&igure 5-36, HH-HH in Figure 5-
37 and HH-HH in Figure 5-38, and refers to locadiavith high demand for health
care facilities and poor spatial accessibility éalth care facilities in both scenarios 1
and 2; and the number 3 refers to all other cas#®ei three Figures of 5-36, 5-37 and

5-38 and the two scenarios of 1 and 2.
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Table 5-36 Rules for creating scenarios 1 and 2dm the three overlay outcomes

Figure 5-36 Figure 5-37 Figure 5-38 Scenario 1 Scenario 2
1 1 1 1 1
1 1 2 3 1
1 1 3 3 1
1 2 1 3 1
1 2 2 3 2
1 2 3 3 3
1 3 1 3 1
1 3 2 3 3
1 3 3 3 3
2 1 1 3 3
2 1 2 3 2
2 1 3 3 3
2 2 1 3 2
2 2 2 2 2
2 2 3 3 2
2 3 1 3 2
2 3 2 3 2
2 3 3 3 3
3 1 1 3 1
3 1 2 3 3
3 1 3 3 3
3 2 1 3 3
3 2 2 3 1
3 2 3 3 3
3 3 1 3 3
3 3 2 3 3
3 3 3 3 3

Spatial extents of the three types of locationscenarios 1 and 2 are shown in
Figure 5-38 and Figure 5-39, respectively. The nemdnd percentages of MBs and
population for each location types for both scessdre summarized in Table 5-38
and Table 5-37, respectively. According to the eowstive scenario, about 2,000
persons are identified in disadvantaged locationsti{e localities of Cora Lynn,
Pakenham Upper, Maryknoll and Tynong North) withopgpatial accessibility to
health care facilities. Based upon the less coasees scenario, more than 2,600

persons are identified in disadvantaged locatianstife localities of Pakenham
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Upper, Maryknoll and Tynong North) with poor spatcessibility to health care

facilities.

Table 5-37 Number and percentages of MBs and pomtlon for different location types in
scenario 1 (conservative)

Location types MB % Population %
HH-HH (2) 12 1.9 1,914 4.2
LL-LL (1) 9 14 14¢€ 0.2

No Clustering (3) 616 96.7 43,492 95.6
Total 637 100 45,552 100

Table 5-38 Number and percentages of MBs and pomtlon for different location types in
scenario 2 (less conservative)

Location types MB % Population %
HH-HH (2) 19 29 2,664 5.8
LL-LL (1) 23 3.6 727 1.6
No Clusterini (3) 59¢ 93.€ 42,31( 92.¢
Total 637 100 45,552 100
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Figure 5-38 Spatial extents of the three locatiotypes in scenarios 1
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5.5 Conclusion

The investigation of the spatial accessibility tealth care facilities in
Cardinia Shire has revealed that local residente tadrive over 3km (3228.6m) or 4
minutes for a pharmacy, drive about 6km or overigutes for a GP/Surgeon’s clinic,
or a dental clinic, and in average they have teedfor about 5km or about 6 minutes
to visit their respective nearest health care itagsl There are 27.5 % (12536
persons), 20.3% (9241 persons), and 12.9% (58650pgy of the population reside
within a tolerable walking distance of 1.2km frorhet nearest pharmacies,
GP/Surgeons clinics and dental clinic respectivalyd majority of the population
have to drive or use public transportation to rethair nearest health care facilities.
In average there are about 23% of the total pojuladre located within 15min of
walking distance to nearest health care facilitte®] over 75% of the total population
are located beyond tolerable walking distance trewt health care facilities. In the
Shire, significant proportions of residents in degent population (35%), low income
dwellings (27%), and dwellings with less than 2scé7%) resided in locations with
poor spatial accessibility to health care facitie

Based upon spatial clustering analysis, there dm®uta9% of the total
population or nearly 4,000 persons are identifieith whe Gi* statistic living in
disadvantaged locations; about 4.5% of the totpufadion or over 2000 persons are
identified with the local Moran’s | statistic livinin disadvantaged locations; and
about 5.5% of the total population or over 2500spes are identified with the
univariate LISA analysis living in disadvantageddtons.

According to the conservative scenario, about 2j08&ons are identified in

disadvantaged locations (in the localities of Cloyan, Pakenham Upper, Maryknoll
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and Tynong North) with poor spatial accessibilyhealth care facilities; and based
upon the less conservative scenario, more thanO2m@sons are identified in
disadvantaged locations (in the localities of Palkeem Upper, Maryknoll and Tynong

North) with poor spatial accessibility to healthrecéacilities.
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Chapter 6 Discussion and Conclusion

6.1 Introduction

This study has sought to investigate spatial adués to health care
facilities by local residents of the Cardinia Shiféae primary objective of the study
was to examine spatial variation in access to hezdte facilities in terms of spatial
distributions of the health care facilities withime Shire, the potential users of those
health care facilities and the positioning of thansportation infrastructure. To
accomplish the research objectives (described mpteln 1) relevant spatial and
tabular datasets were collected from appropriateces (e.g. Australian Bureau of
Statistics, Yellow pages, Department of Human Sewsi VicMap etc). A GIS based
spatial analysis method has been developed toerefensus attributes into Mesh
Blocks (MB); to map spatial distributions of poptida, health care facilities and
transportation system; and to identify disadvardalgeations / local communities by
means of spatial clustering and overlaying analyRefining the census dataset into
higher spatial resolution permitted the analysiseieeal the spatial variation of the
data in details. This chapter is designed to pewad overview of the main research
findings described in chapters 4 and 5, includmggummarized characteristics of the
population; health care facilities, transportatiamfrastructure, the GIS based
investigation of spatial accessibility to healthhecéacilities, and the identification of

disadvantaged locations.
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6.2 Demographic characteristics and spatial variations

Approximately 46,000 people reside within Cardidhire. The number of
persons identified in each MBs varies between 0 2421 The population density
varies between 0 and 11,583 persons # with mean value of 768 persons / ¥m
Demographic analysis as identified the followingplation variables for this study:
number of total dependent population, dwellingshwdaw income and dwellings with
less than 2 cars. Spatial clustering analysis nasthocluding Getis Gi* statistics,
Anselin Local Moran’s | and Univariate LISA analysire deployed to reveal spatial
clusters of MB-level population counts and MB-levaatial accessibility index
values at local scale. Results from the analysisficoed that in Cardinia Shire
population distribution was clustered into largenships and only a small proportion
of the population in Cardinia Shire resided witlualking distance from health care

facilities.

6.3 Transportation characteristics and spatial variations

Transportation infrastructures were characterizedrder to understand the
overall transportation system in the study area Study shows that the distribution
of the transportation infrastructure also variembss the study area. In Cardinia Shire,
there exists public transport services (e.g. metitgm train and bus services); but the
services was very limited and infrequent. Only ¢hiecalities e.g. Pakenham, Officer
and Beaconsfield were within close proximity to thetropolitan train network and
few localities e.g. Pakenham, Officer, Guys Hiled&onsfield, Beaconsfield Upper,
Emerald, Cockatoo and Pakenham Upper are conng@dals services. The study
reveals that about 96% of the employed populatseduto travel to work by using a

car. Only a small proportion of population (see [€adi»4 and Table 5-5) were reside
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within walking distance from the health care fdik. Due to very limited public
transport opportunity, the residents of Cardinia&have to largely rely on their own

travel arrangement.

6.4 Health care facilities characteristics and spatialariations

In this study, health care facilities were analyzed terms of spatial
distribution of the facilities and population to din care facilities ratio. Three
essential health care facilities have been incluttdthis study, i.e. pharmacy,
GP/Surgeon clinic and dental clinic. Altogether,i&&lth care facilities were located
within the Cardinia Shire. Those health care faesi were located only in the large
townships of the Shire such as Pakenham, Emeraid, \Wee Rup, Beaconsfield,
Lang Lang, Bunyip where the majority of the popidatlived. There were 49
localities within the study area; only 9 localitieave at least one type of health care
facilities including Pakenham, Emerald, Koo Wee RBpaconsfield, Lang Lang,
Bunyip, Beaconsfield Upper, Garfield and Cockateakenham and Emerald are the
only two localities where all those types of healtine facilities can be found to exist.

Beaconsfield Upper, Garfield and Cockatoo havelmadth care facility each.

6.5 Spatial accessibility to health care facilities andpatial variations

Spatial variation in the distribution of the popida, transportation
infrastructure, and the health care facilitiesyitably result in variations in access to
health care facilities in the Cardinia Shire. Dwelitnited and infrequent public
transportation services, this study used car ba&see! distance and driving time o
measure spatial accessibility to health care faslifrom MB centroids. The study

reveals that travel distance via road network tarest health care facilities e.g.
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pharmacy, GP/surgeon clinic or dental clinic vatetween 12m and 31.3km (see
Table 5-1) and the average distance varies bet®&&¥m and 6.1km (see Table 5-2).
The health care facilities within the Shire arefact only accessible for a limited

number of populations by walking.

Using normalized road network based travel distarioenearest health care
facilities, an accessibility index value has beafculated for each MB centroid.
Major towns (with health care facilities) and itsr®unding localities show a low
accessibility index value (indicate high spatiatessibility to health care facilities).
Spatial accessibility was relatively high in sucbcdlities like Beaconsfield,
Beaconsfield Upper, Bunyip, Cockatoo, Emerald, @&tf Koo Wee Rup, Lang Lang
and Pakenham. Since large townships have higheitdesf population and health
care facilities are located within the large towipshit appears that a large proportion
(see Table 5-4 and Table 5-5) of total populatietsdigh spatial accessibility to
nearest health care facilities in terms of car Badeving distances. But a large
proportion of dependent population e.g. unemploged children; low income
dwellings or dwellings with less than 2 cars arsidiag in locations within small
towns or away from large towns are suffering fraw Ispatial accessibility to health
care facilities. The analysis shows that those [adjmns have relatively low
economic resource, low ability to access to headtie facilities at the time when they
needed.

Spatial clustering analysis have revealed that @®%uof the total population
or nearly 4,000 persons are identified (with th& €atistic), about 4.5% of the total
population or over 2000 persons are identifiedH{wiite local Moran’s | statistic) and
about 5.5% of the total population or over 2500spas are identified (with the

univariate LISA analysis) in disadvantaged locatio@verall, about 2,500 persons
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are identified in disadvantaged locations in Coyarl, Pakenham Upper, Maryknoll

and Tynong North with poor spatial accessibilityhtalth care facilities.

6.6 Areas for further research and improvement

A number of areas for further research have beentiiied during the data

collection, data preparation and data analysisgbéthis study, including:

1)

2)

3)

Better understanding the socioeconomic charadtistf the population
in relation to their affordability for and prefem to the utilization of
health care services e.g. language and genderedfighlth care services
professionals. It is also important to know theiceptable travel distances
and travel time to nearest health care facilitieszel of satisfaction with
the existing level of availability and affordabylifor health care facilities
would be another important issue to investigateesehissues need to be
carefully investigated using a properly designedd anonducted
guestionnaire survey.

Accessibility to health care facilities should Hearacterized in terms of
space, time and themes. Availability of health caservice or
professionals, travel cost, health care servicé aod effort to access to
health care facilities all needs to be considereduléaneously. Taking
spatial, temporal and thematic aspects of accéipsibnto account
simultaneously will enable comprehensive analydisaccessibility. In
addition, it is more desirable to offer emphasigtmuser’'s preference on
gender and language of the health care servicegsionals.

Incorporating multi-modal transportation in measgriravel distances or

travel time. This study assessed car based trastande and travel time.
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A comprehensive analysis incorporating public tpamgation modes (e.qg.
bus, trains) and other means of transportation. (@aking, cycling)
should be conducted to recognize the real statgpafial accessibility to
health care facilities.

4) Applying more realistic network analysis settings improve network
analysis settings and get more accurate travel tmeasurement between
health care facilities and their user, by incorgogamore realistic edge
impedance and turn impedance into the transpontaiédwork dataset, and
by incorporating time-dependent information in terai traffic conditions
throughout the day, traffic directions and effemftsopography.

The areas for further research and improvemengwaranarized in Table 6-1.

Table 6-1: Areas for further research and improvemat

Areas fo Specific aree Method
further research
Population Users preference e.g. facilities, lagguand Survey /interview

gender of the health care professional etc.

Willingness of traveling distance or time Surveylinterview
access the healthcare facilities.

Users affordability e.g. ability to pay for Survey /interview
specific health care service, ability to access

to health care service

Health care facilities  Availability of the service Data collection and analysis
Cost of the servic Data collection and analy:

Transportation Incorporate multimodal transportataog. Complex network analysis
public transport, travel by car or walking

Space, time, then Spatia-tempora-thematic analys Complex spati-tempora-

thematic analysis

In addition, this study used a simple method tosueaspatial accessibility to
health care facilities. More sophisticated methayl avo steps Floating Catchment
Area (2FCA) may be applied to see if differencel wilow in the results; and this
study used a simple accessibility index to identifgadvantaged locations. Those
statistical measures produce slightly different pate to each other so a
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comprehensive study is required to identify thesomawhy those output data are

different.

6.7 Conclusions

This study investigated spatial accessibility taltrecare facilities by the local
communities of Cardinia Shire and developed a GEell approach to the
identification of disadvantaged localities in teraispatial accessibility to health care
facilities. Through the investigation, this studstablished that within the Cardinia
Shire there exist spatial variations in the disitidn of its population and associated
demographic and socio-economic characteristics.lthlezare facilities were not
evenly distributed across the study area, but aurated in a few large towns. There
were 49 localities within the study area; and 4@heim have no health care facilities
available. The ratio of doctor to population in @ara Shire is lower than the
Australian commonwealth benchmark of 1:1400, asd a&ries between localities. A
large proportion of the residents have to traverg way to access the health care
facilities. Some local communities’ accessibilitytiealth care facilities is very poor,
as public transport is both inadequate and infrejukie to inadequate and low
frequent availability of the public transportatiservices. Most of the local population
in the Cardinia Shire use their own cars or orgamither alternative ways to access
health care facilities.

In Cardinia Shire, health care facilities were rilistted in such a way that
only a small proportion of the population (see ®abl4 and Table 5-5) can access
those facilities by walking. Large proportion (SE&ble 5-10 and Table 5-21) of the
population, reside beyond 10km of travel distancd® minutes of driving time to

nearest health care facilities. More than halfhef total population resided within the
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mean travel distance (Table 5-7) and almost a aingtoportion reside within the
mean travel time (see Table 5-18). Socio economialitions of the residents above
mean travel distance or travel (driving) time from@arest health care facilities are
relatively poor in contrast with those people wheside within the mean travel
distance or mean travel (driving) time. A combioatiof low spatial accessibility to
health care facilities, higher proportion of depemid population, low income
dwellings or dwellings with less than 2 cars resultnore difficult situation for the
local residents in those disadvantaged locatiorzseas.

It is one of the fundamental human rights to getgarte, fair and easy access
to health care service at the time needed. Intyealbsolute equal spatial accessibly is
not always achievable but it is possible to plad auoild a system of health care
facilities in such a way so that it allows the hagh spatial accessibility for a
maximum number of the population. It is importamgtve priority and measure how
fair and how easy to access to the health carbtieewould be if there are any future
development or further expansion of the localiied build residential areas. It is also
important to look at not only the distribution cédith care facilities and population,
but also the socio-economic conditions of the rsisl within the surrounding areas.
To establish new health care facilities in mosttadle location or relocate some
facilities could be a solution to those disadvaathgommunities.

Because a large number of the population residbarsurrounding localities
to the large towns, centralizing health care faedsiinto large towns may facilitate the
residents in the nearby localities in a way thal/tban have a choice of selecting an
appropriate service for them and ensures that anmuax proportion of the population
gets highest possible spatial accessibility to theeare facilities. However, spatial

accessibility may be poor for residents live in a@rein absence of adequate
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transportation services even when the travel distdaas only a few kilometres. The
improvement of overall accessibility to health ctaellities in the Cardinia Shire can
be achieved by either improving the public transgan system or re-allocating
health care facilities according to the spatial aocio-economic needs of the resident

population of the Shire.
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ABSTRACT

More spatially distributed description of local communities’ characteristics is desirable
for many applications using census data, such as the characterization of spatial
accessibility to healthcare services by local communities in urban fringe zones. Pre-
2006 census data available from the Australian Bureau of Statistics (ABS) enables us to
do this at the Census Collection District (CCD) level, and the 2006 census data brings
an opportunity for us to do so at the Mesh Block (MB) level. However, many attributes
curmently available at the CCD level are not yet presented at the MB level, and it is not
likely for ABS to make these CCD-level attributes available at the MB-level in the
foreseeable future. In order to produce a useful description of local communities’
characteristics at the MB-level, it is necessary to transfer these CCD-level attributes to
the respective MBs. Many areal interpolation methods have been developed to transfer
data between areal units of incompatible boundaries. Using the data available at both the
CCD and the MB levels, a simple GIS-based method for transferring CCD-level data to
the respective MBs is developed. Experiment results indicate that the methad developed
is efficient and robust The method presented in this paper can be useful for many
applications using census data, including the spatial characterization and optimization of
public health and socio-economic conditions.

Ahmad, 8, Lin, G. ond B. Engels (2009} A Simple GIS-based Method for Transferring Census Data from CCDs to
MBs, In: Ostendorf B., Baldock, P., Bruce, D., Burdett, M. and P. Corcoran (eds.), Proceedings of the Surveying &
Spatial Sciences Institute Biennial International Conference, Adelaide 2000, Surveying & Spatial Sciences Institute,
pp. 313521 ISBN: 978-0-U531366-8-6,
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INTRODUCTION

Transferring census data between incompatible source and target areal units by means
of gerial interpolation (Reibel & Bufalino, 2005) is a challenging task (Smith &
Goodchild, 2006) and important to many applications (Flowerdew & Green, 1992;
Reibel & Agrawal, 2005), such as spatially refined characterisation of socio-
demographic conditions and trends for supporting evidence-based resource location-
allocation planning and optimisation of public service provision. More spatially
distributed description of local communities’ characteristics is desirable for many
applications using census data, such as the characterization of spatial accessibility to
healthcare services by local communities in urban fringe zones.

In Australia, available pre-2006 census data enables a spatially distributed description of
local communities’ characteristics at the Census Collection District (CCD) level, and
the 2006 census data enables a spatially distributed description of local communities’
characteristics at the Mesh Block (MB) level. A CCD is the smallest unit used for
collecting and recording Census data prior to the 2006 Census, with about 220
dwellings in urban areas and reduced number of dwellings in rural areas as population
densities decrease. MBs are new micro level standard and pervasive geographical unils
introduced by the ABS for the 2006 Census, identified by their predominant land use
(residential. commercial, agricultural, parkland etc.) and each contains between 30 to 60
dwellings in residential areas. There are 9310 CCDs and 71872 MBs defined throughout
Wictoria for the 2006 Census.

Many attributes currently available at the CCD level are not yet presented at the MB
level, and it is not likely for ABS to make these CCD-level attributes available at the
MB-level before next Census in 2011, when the MBs will replace the CCDs to become
the new basis of the Australian Standard Geographical Classification (ASGC) for the
publication of the complete range of ABS spatial statistics (ABS, 2008). In order to
produce a useful description of local communities’ characteristics at the MB-level, it is
necessary to transfer these CCD-level attributes to the respective MBs, at least for the
period before next Census.

The following sections will present a simple G1S-based method for transferring CCD-
level data to the respective MBs, using the data available at both CCD and MB levels
from the case study area, Cardinia Shire, located on the southeast fringe of metro
Melbourne, followed by some experimental results and discussions for further
improvements of the developed method.

Study Area and Data

The case study area is about 1281 kml, covers the whole Cardinia Shire, located
between 37 85 south to 38" 33" south and 145 35°east to 145 T6 east, about 60 km to
the south-east from Melbourne CBD (Fig. la). More than 90% of the total land cover of
this area is being using as agriculture and parks lands where only 6.13% is residential.

According to the 2006 Census and 2007 VICMAP data, (a) there are about 57,091
persons living in 21,075 household dwellings, with an average dwelling size of 2.7
persons per dwelling: (b) there is homogeneity in population distribution and in

514

144



S.Ahmad, G. Liu, B. Engels

different age ngup by sex (Fig. 1b) : (c} the Shire has a population density of 44.57
persons / km~ and a dwelling density of 16.45 dwellings / km’; (d) major residential
centres or localities within the Shire include Pakenham, Koo Wee Rup, Lang Lang,
Bunyip, Cockatoo, Beaconstield, Emerald and Gembrook; and (e) there are 32531
individual addresses, 637 mesh blocks, 74 CCDs, 49 localities, and 18 postcode areas
identifiable within the study area.

Both digital boundaries and census statistics have been sourced from the ABS
websites (http://www.abs.pov.aw/). CCDs have more attributes (e.g. age, sex, income,
education, car ownership, etc.) available for the characterisation of community profiles
but MBs have only three atiributes available: land use category, total number of
dwellings, and total number of persons. As shown in Fig. 2, the following spatial
relationships between CCDs and MBs can be observed: (a) a CCD may contain a set of
MBs completely or partially, (b) a MB may be completely or partly within a specific
CCD, and (¢) a MB may belong to one or more CCDs.

v i Pyl m 0L

Wil farae .

A Legend
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ik
Fig. 2: Incompatible areal units: (a) Locality and CCD boundaries with colour coded
land use categories: (b) CCD and MB boundaries with land use categories; (c) CCD and
MB boundaries with land use categories and MB-level attributes (e.g. population
count).
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Methodology

Flowerdew & Green (1992) describe an approach to areal interpolation of normally
distributed data where two zone-boundary layers are intersected and thus generated
“intersection zones” fragments. Each fragment has a unique pair of source and target
zone and their estimates are calculated by multiplying the source-zone count by the ratio
of the area of the fragment to the area of the source zone, to enforce “volume
preserving” or “pycnophylactic property™ (Tobler. 1979).

Given the 2006 census attributes available at the CCD level and MB level, the volume
preserving principle can be implemented as follows:

.

The total number of persons in a CCD is same as the sum of total number of
persons in the associated MBs, 1.e.

ccp} =3 MB}

where CCD); denotes the i CCD, MB;; the j* MB associated with the i CCD, n
the total number of MBs in the i CCD, and p person count; or

The total number of dwellings in a CCD is same as the sum of total number of
dwellings in their respective MBs, ie.

d n d
cen; =3 MB;
where d denotes dwelling: or

The total quantity of a specific census variable in a CCD is same as the sum of
total quantity of a specific census variable in their respective MBs, ie.

ceny = Z:MB;J

where v denotes a specific census variable.

In addition, the following ratio consistency can be assumed:

4. The MB vs CCD ratio of the quantities for a specific census variable is
consistent to the corresponding population ratio, i.e.
MBF _ MB i
ccnl o ocn;
b. The MB vs CCD ratio of the quantities for a specific census variable is
consistent to the corresponding dwelling ratio, i.e.
MBS~ MB;
CCDIE" i cen;
Spatially, it is assumed that:
jle
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a. CCD level quantities are distributed among the associated MBs on an area-
weighied basis, i.e.

cehf =% a.MB!
Pyt ]

where a; denotes the area of /* MB in CCD;; or

h. CCD level quantities are distributed among the associated residential MBs on an
area-weighted basis, ie.

CCDf =3 b;MB]

where b; denotes the area of /* residential MB in CCD:; or

c. CCD level quantities are distributed among the associated residential MBs
weighted by their population ratio, i.e.

W P

MBf _ MB; _ MB' = MB{

ccol CC.D,: *ooenf

cco!

In this study, CCD level quantities are distrnibuted among the associated residential MBs
weighted by their population ratio, and the total quantity of a specified variable in a
CCD should equal to the sum of total quantities of the associated MBs, i.e.

. ME] i
MB) =———ccp; and ccp; = T MB;
cCcpf 3

i

Results

The 2006 census data on total population and (-4 years of age population for 5 selected
CCD and the total population for the associated MBs is used to illustrate this simple
GIS-based method for transferring CCD level quantities (0-4 year age-group population,
in this case) to associated MBs (Fig.3 and 4).
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Fig. 3: Map shows 5 CCDs with their associated MBs, land parcels, roads, address
locations and land use categories.
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Fig.4 shows the CCD and MB boundaries (a), the CCD level total population (b), the
MB level total pepulation (c), the CCD level 0-4 year age-group population (d), the MB
vs CCD population ratios (e}, the MB level 0-4 year age-group population, weighted by
associated MB areas (f), the MB level O-4 year age-group population, weighted by
associated residential MB areas (g), and the MB level 0-4 year age-group population,
weighted by MB/CCD population ratios (h).

This simple method can be implemented easily in Excel as shown in Tab. 1.

Tab. 1: Transterring motor car ownership” from CCDs to associated MBs

Motor Car M bevel estimation
cen ME ME oo cen awned Using Using
I ME D Landae  Popul Ihwelling _ Populati Dwelling (CCTH dwelling _ Population®
TM0300 0000340000 Hesidentinl [0ix a5 T 38 bad 5 &
TGN I0INIZ00)  Kesidential 153 a5 6T i 5 5 5
U030 MIGIEI0000  Residential w2 31 6T 38 5 3 3
TMO300  I0I0I0S0000  Mesidentinl T 29 6T 138 5 3 3
0300 MITI0000  Residential 108 6 T 19 5 4 %
230300 IIM0S3000] Residessinl 143 52 667 130 had 5 5
TMOI0N MOTCOSE0000  Parkland o 0 6T 39 5 0 0
Total i-tyr p i in CCD 2340301 = 15

“noie that actunl datn is not shown in this table. ¥ Inge per format

Fig.5 compares spatial pattems of CCD level and MB level 0-4 year age group
population densities. The kernel density suraces (search radius = 4000, output cell size =
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100 m?) are created from CCD centroids and MB centroids, using 0-4 year age group
population given for the CCDs and estimated for MBs, respectively. Clearly, the
density surface generated from the estimated MB population provides a spatially refined
and more accurate O-4 year age group population density representation.
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Fig. 5: 0-4 years population density for CCD (left) and MB (right)

As a reference, Fip.6 compares spatial patterns of CCD level and MB level total
population densities, created with identical procedures and parameter settings as used in

generating Fig. 5.
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Fig. 5: Population density for CCD (left) and MB (right)

Discussions and Conclusions

The method is designed with the census attributes available at both the CCD level and
the MB level, guided by the *volume preserving’ principle’ and based upon the assumed
consistency between MB/CCD ratic of total population and MB/CCD ratio of other
census quantities.

The simple method developed in this study iz very robust for transferring ABS census
data from CCD level to MB level, and is easy to implement within a GIS. The estimated
spatial pattern of census quantities (e.g. the 0-4 year age proup population, in this case)
resolved at the MB level provides a spatially much refined representation when
compared with the patterns at the CCD level.

This method provide a useful tool for researchers, planners and public policy analysts to
characterize population and relevant attributes at refined spatial resolutions, to gain
more realistic spatial patterns and hence a better foundation for assessing spatial
accessibility to wvarious human services, including healthcare services, by local
communities. In cases with clear coincidence of CCD and MB boundaries, the methad
can be implemented even within the Excel environment. In cases involving intersections
of CCD and MB boundaries, topological overlay is a reguired GIS operation to
apportion CCD area among associated MBs.

It should be noted that the method gives different results depending on which MB
attribute {population or dwelling) is used and how land use category is treated, and that
the assumed consistency between MB/CCD ratio of total population and MB/CCD ratio
of other census quantities deserve further verification.
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