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environmental and economic shifts are often at odds with cadas-

X S Ty - KEYWORDS
tral structure inflexibility, and urban consolidation can be particu- Property; urban form;
larly hampered by lot size and shapeThis research utilizes spatial planning; land use; urban
analysis to examine the influence of cadastral change on infill consolidation

development. Despite planning schemes encouraging urban con-
solidation, the results indicate that cadastral change is character-
ized by ad hoc redevelopment, favoring lots that are easily
transformed, rather than guidance from regulatory bodies. This
contradicts consolidation policies, as redevelopment occurs only
where financially and statutorily viable, while further cadastral
fragmentation portends that future consolidation will be made
more difficult. We argue that policy mechanisms must address
cadastral structure more directly, and that the difficulty of cadas-
tral change may incentivize urban sprawl on greenfield sites.

Introduction

The built environment of cities is constantly adapting to shifting social, environmental,
economic, and demographic conditions (Knox, 1991). Many global cities have statutory
planning instruments that seek to contain growth to existing urban areas — referred to
as “urban consolidation”. Examples include Melbourne (Australia)’s Plan Melbourne
2017-2050 (State Government of Victoria, 2016), Greater Manchester (United
Kingdom)’s Plan for home, jobs and the environment (Manchester City Council, 2019)
and Vancouver (Canada)’s Metro Vancouver 2040: Shaping our Future (Metro
Vancouver, 2019). Although the adaptability of the built environment is influenced
by planning norms (Cannon et al., 2013), housing and transport preferences (Davoudi
& Sturzaker, 2017; Ryan, 2008; Webb & Webber, 2017; Zhou & Gao, 2018), and land
tenure systems (Adams & Hutchinson, 2000; Easthope, Tice, & Randolph, 2009;
Hastings & Adams, 2005; Puustinen & Viitanen, 2015), the nature of any change is
often determined by the underlying structure and form of a city - its morphological
frame of lots (also called a “plots” or “parcels”) and streets. Despite the pressures of
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population growth and changes in housing preferences, and even in the wake of
catastrophic wars and natural disasters, a city’s urban frame has been found to be
highly resistant to alteration (Birkhamshaw & Whitehand, 2012; Conzen, 1960;
Frederickson, Fergusson, & Wildish, 2016; Stell & Tait, 2016). While an abundance of
research on the processes of intensification and urban redevelopment more broadly
exists, there is a dearth of knowledge regarding the underlying stability of cadastral
structure, and how urban consolidation and infill development can be achieved in the
face of the fixity of lots (Frederickson et al., 2016; Louw, 2008; Newton et al., 2011).

This paper investigates the effectiveness of cadastral change in achieving the pur-
ported aims of planning schemes that target urban infill development as a means of
consolidating urban form. Through analysis of cadastral change over a 10-year period
(2007 to 2017) in Brisbane, Australia, it focuses on the relationship between residential
intensification and cadastral change through boundary amalgamation, subdivision and
reconfiguration across seven inner-city suburbs that - although geographically prox-
imate — are quite distinct in character, land use, and history. We contend that the slow
uptake of greyfield sites (existing underutilized residential areas) is attributable to
multiple factors, namely the difficulties imposed by fragmented land ownership and
the inability of developers to obtain lot sizes suitable for redevelopment, as well as an
archaic planning system which largely ignores the intricacies of urban redevelopment in
favor of the simple application of land use zoning. In the sections that follow, we
highlight the influence of the cadaster on urban form, the constraints on redevelopment
caused by existing cadastral structure, and that institutional change is necessary to
ensure that our cities are adaptable to changing urban conditions.

Consolidation versus sprawl

Across the western world, the expansionary nature of urban development in the post-
WWII period has concentrated growth, and often, resources firmly in suburbs (see
Harris, 2004 for Canada; Duany, Plater-Zyberk, & Speck, 2000 for the United States;
Pawson, Hulse, & Cheshire, 2015 for Australia). Sprawling metropolitan forms are
characterized by homogenous land use, low-density dwellings, suburban office parks
and car-oriented development (Hayden, 2003; Jackson, 1985). This applies to current
urban expansion in many global regions, with research demonstrating that Asian, Latin
American and African cities are also experiencing the relocation of retail and industry
to outer suburbs, coupled with rising car ownership and housing preferences toward
low-density suburbia, reforming existing cities as poly-centric and dispersed (for exam-
ple, see Ren, 2015; Feng, Wang, & Zhou, 2009 for China; Loh & Brieger, 2014 for
Malaysia; Guerra, 2013 for Mexico; Horn & Van Eeden, 2017 for South Africa).

Since approximately the 1980s, there has been a resolute focus on urban consolida-
tion in both academic and policy circles (Michell & Wadley, 2004; Spearritt &
DeMarco, 1988). Though in practice greenfield (previously undeveloped land) devel-
opment has continued relatively unabated, several related planning practices have been
pursued with the intention of reinvigorating inner cities, curbing the deleterious effects
of suburban sprawl, reversing urban blight (Coffee, Lange, & Baker, 2016; Forster,
2006), and maximizing tax revenues from businesses and ratepayers (Caulfied 1991).
Urban intensification has taken various forms, including Transit-Oriented
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Developments (TODs), Compact Cities, Urban Containment, the Eco-City, and various
technocratic solutions tied broadly to Smart Cities discourses. Within these various
discourses, the purported benefits of intensification are tied to enhancing livability
through shared services, infrastructure savings, reduced crime, and better public trans-
portation services. Land-use planning has exerted a great influence on this transition, as
have market-led forces by revalorizing urban lands that may have previously been
vacant, underutilized, or derelict.

Urban consolidation not only requires a transformation of the type of dwellings
being constructed, but also impacts the urban structure and form of the city (Murray &
Khor, 2011). Voluminous urban morphology literature has shown that cadastral struc-
ture can be slow to change, as market-oriented land tenure systems often situate
decision-making amongst individual landowners rather than with those responsible
for city planning (Siksna, 1998; Whitehand, 1994). This creates an antagonistic relation-
ship between the built environment and urban consolidation objectives insofar as
property owners  behaviors are motivated by personal preference and financial gain,
rather than planning directives with city-wide benefit (Frederickson et al., 2016; Lee,
Won, & Kim, 2016; Sanders & Schroder, 2008; Siksna, 1998). Understanding the
influence of cadastral structure can thus highlight the practical difficulties of urban
consolidation efforts, particularly in cases where a range of lot shapes, sizes, and types
exist.

Urban morphology in a contemporary context

Urban morphology is the study of change in the built environment of cities over time
(Moudon, 1997). Studies of urban morphology involve multiple fields focusing on the
processes of city formation and transformation (Kropf, 2017). They can be roughly
divided into three schools: the Italian and French, which arose independently but both
generally focus on architectural heritage and building-scale redevelopment, and the
British, which focuses on cadastral analysis (Kropf, 2017; Moudon, 1997; Sanders &
Schroder, 2008; Whitehand, 2001). There has been a convergence of these three major
schools in recent times due to greater linkage and collective work being undertaken by
urban morphologists from each tradition (Moudon, 1997; Racine, 2019). For the
context of this study, the British urban morphology framework developed by Conzen
(1960) is most relevant, as its focus on town plans, land use, and building forms is
important to a contemporary understanding of the modern city and how it evolves over
time (see also, Whitehand, 2001).

Several interrelated issues have sparked a renewed interest in urban morphology. First,
a post-industrial shift has catalyzed urban redevelopment, drawing professionals toward
inner-city housing, and reformulating workplaces toward smaller and mixed-use office
spaces (Easthope et al., 2009; Knox & McCarthy, 2012; Miller, 2014; Nelson, 2009).
A corollary to this has been a transition toward more flexible and nimble office configura-
tions, eschewing the segregated block-style office buildings of the 20™ century and render-
ing much of the existing commercial building stock obsolete or in need of significant
retrofitting (Harris, 2015; Weber, 2016). Second, a countermovement against suburban
sprawl (Ewing, Pendall, & Chen, 2003; Hayden, 2003; Jackson, 1985; Michell & Wadley,
2004) has led many to reconsider expansionary land tenure arrangements that favor
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greenfield sites as cheaper alternatives to existing urban spaces. In this regard, issues such as
traffic congestion, pollution, infrastructure costs and long commute times have instigated
major policy revisions for many metropolitan regions aimed at centralizing and densifying
existing urban areas (Trubka, Newman, & Bilsborough, 2010; Zhou & Gao, 2018; Ziegler,
2009). Third, scholars have noted a plurality of influences on the ability of planners to shape
urban development, with the regulatory stasis ensuing from lack of political will or
authority to intervene, as well as the ownership of the land, and size and configuration of
the property, having a significant impact on whether existing urban areas can be redeve-
loped, with many cities experiencing little to no change in their property boundaries over
time (Frederickson et al., 2016; Gabbe, 2017; McDonald, 2004; Oliver, 1983).

Influence of the cadaster on redevelopment

Contemporary studies on cadastral change focus on how the theoretical framework of
urban morphology can be applied to understanding the complexities of a 21° century
metropolis (Racine, 2019; Ryan, 2008; Sanders & Schroder, 2008; Stell & Tait, 2016).
While there is a large body of research investigating the patterns of urban change, and
the fundamental role played by property boundaries in some jurisdictions (see, for
example, Conzen, 1960; Scrase, 1989; Whitehead 2001; Stell & Tait, 2016 in the United
Kingdom; Asami & Niwa, 2008; Asami & Ohtaki, 2000; Gao & Asami, 2007 in Japan),
much published global research focuses on the transformation of whole blocks, being
the smallest area surrounded by streets and containing many individual lots, and street
layouts over time, rather than individual lots (for example, see Ryan, 2008 for Detroit;
Sanders & Woodward, 2015 for Brisbane, Australia; Siksna, 1998 for eight cities in
Australia and the United States; Taima, Asami, & Hino, 2019 for Tokyo; Scoppa &
Peponis, 2015 for Buenos Aires). These studies provide important insight, as block size
directly influences the density of buildings (Taima et al., 2019) and walkability (Stewart
& Moudon, 2014), which is highly linked to a city’s livability (Yassin, 2019).
Nevertheless, while there is a growing body of literature on the importance of lot
structure, as it has a determinative influence on urban productivity (for example, see
Bobkova, Marcus, Pont, Stavroulaki, & Bolin, 2019°s research on London, Amsterdam,
and Stockholm) and redevelopment potential (Charles, 2013; Dovey, Pike, &
Woodcock, 2017; Gao & Asami, 2007), limited research exists on how lots change
size and shape to suit contemporary development conditions, including policies aimed
at urban consolidation (Frederickson et al., 2016).

Permanence of cadastral structure

The legacy of historical lot patterns exerts a strong influence on urban form, both in
shaping individual building sites and lots between them, as well as shaping city blocks
(Asami & Ohtaki, 2000; Dovey et al., 2017; Siksna, 1998). In the United Kingdom,
medieval lot boundaries have acted as site constraints from their inception, influencing
the design and configuration of both individual building structures and groups of
buildings (Conzen, 1960; Stell & Tait, 2016). In their study of Scottish towns, Stell
and Tait (2016) found that lot boundaries in urban centers persisted over time, despite
population growth pressures, with many lot boundaries and street frontages remaining
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in their original positions, leading to the tall and long buildings characteristic of
Scottish urban architecture. Generally, dense downtowns such as Manhattan
(New York), Chicago and San Francisco experience very little cadastral change due to
the expense of resuming the land required to facilitate largescale redevelopment (Ryan,
2008). Costly slender skyscrapers are examples of developers working with existing lot
sizes when land is in short supply and cadastral change is too slow to keep pace with
market conditions (Cheung, 2018; Sanders & Schroder, 2008). Examples include the
6.7 m-wide and 29-storey apartment building at 82 Flinders Street in Melbourne, and
Manhattan’s 28-m-wide 432 Park Avenue, which at 425.5 m is currently the world’s
tallest residential building.

Perhaps the strongest evidence of the permanence of property boundaries over time
is that not even natural disasters or large-scale state-sponsored programs (such as
highway construction) have contributed strongly to cadastral change over time
(McDonald, 2004; Oliver, 1983). The two most significant factors that influence
urban form - property boundaries and topography - generally remain unchanged
even after a natural disaster or war (McDonald, 2004). Fredrickson (2015) describes
property boundaries as “sticky”, as the ownership of the land as well as the size and
configuration of the property has a significant impact on how existing urban areas are
redeveloped, if they experience change at all (Frederickson, 2015, p. 1). Generally, even
after the whole cities are demolished, they are reconstructed along the same property
boundaries (Frederickson et al., 2016; Lee et al., 2016; Oliver, 1983). In Incheon, South
Korea, a new gridiron pattern was superimposed over the neighborhood of Songhyun-
dong in an attempt to revitalize the former retail hub and, while this increased the street
frontage of lots, it did nothing to alter lot patterns, and in fact led to oddly shaped lots,
alleys leading to nowhere and open spaces with triangular shapes (Lee et al., 2016).

There are, however, notable exceptions to the stability of property boundaries.
Rotterdam in the Netherlands, for instance, experienced significant change following
the city’s WWII bombardment. With extensive state involvement and funding, its post-
war 1946 Basic Plan outlined new city center functions and an expanded road network
(McCarthy, 1998). Christchurch, New Zealand, is another example. Devastating earth-
quakes in 2010 and 2011 caused some land to spread, contract or slip, leading to
property lots that had changed shape and location. The New Zealand government
introduced the Canterbury Property Boundaries and Related Matters Act 2016 to clarify
that property boundaries moved with earthquake movement and still coincide with
physical features on the property such as fences (Land Information New Zealand, 2018).

Cadastral adaptability

Cadastral adaptability influences a city’s ability to evolve to meet the changing needs of
its population, such as catering for shifting preferences in dwelling type, transport or
industry (Lee et al., 2016; Scheer & Ferdelman, 2001; Siksna, 1997). Several signs point
to the fact that transformation is possible, particularly in the wake of widespread de-
industrialization. American cities such as Detroit and Cleveland have each lost hun-
dreds of thousands of residents and tens of thousands of housing units since the 1960s
(Ryan, 2006). In 1896, Detroit city had a dense street and city block network that, by
1970, had been radically transformed into a city of large superblocks and highways. The
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reconfiguration of Detroit was made possible by the oversupply of cheap, vacant land;
therefore, developers faced few spatial constraints and completely abandoned the
original street and lot layouts (Psarra, Kickertt, & Pluviano, 2013; Ryan, 2008). In the
1990s some residential areas experienced redevelopment, with new housing constructed
on sites that had been vacant for decades. The six largest redevelopments of this kind
were once mixed land use with diverse housing types (as recorded in 1951), but the new
redevelopments were homogenous in their low-density residential land use (Ryan,
2006).

Where property boundary change does occur, a process of incremental change can
make block patterns more suitable for desired development. This is where lots, city
blocks and streets are altered to create a “better fit” for changing development require-
ments (Siksna, 1998, p. 281). Adaptability indicates that a city has scope to evolve to
meet the changing needs and conditions. Urban forms that are adaptable allow
a growing city to evolve based on changing societal needs, or at least provide more
predictable patterns of change that can be used to guide government authorities and
developers into the future. Small blocks of about 60 to 80 m were found to be better
suited to urban development and more adaptable to both historical and contemporary
development needs, when compared to larger blocks, as they allow for greater circula-
tion as well as more coherent building fabrics with both low and high-rise buildings
(Siksna, 1997). Land assembly can form an integral aspect (and major constraint) of the
property development process if existing lot sizes are inadequate for the proposed scale
of a redevelopment (Adams & Hutchinson, 2000). In cities that have changed form,
extensive government involvement (through policy but, most importantly, funding) or
underutilized land (and low levels of discontent from residents and less political back-
lash) are common factors (Gabbe, 2017; McCarthy, 1998; Neilson 2008; Newton et al.,
2011; Ryan, 2006).

Study context, data, and method

Australian cities’ development from initial settlement in the 19™ century onward was
characterized by relatively low-density urban expansion. This accelerated in the post-
WWII period with an increasing prevalence of detached dwellings on generous blocks,
especially in Brisbane, the third largest city in the country. The Australian land tenure
system, which heavily favors private ownership over alternative models, has led to
highly variegated ownership structures and cadastral arrangements, particularly in
inner cities. Section 51 of the Australia Constitution inherently protects private prop-
erty, with the last 100 years of jurisprudence confusingly oscillating between ensuring
the legislative power of government to acquire land and protecting individual rights
(Stubbs, 2011). Australia’s market-oriented land tenure systems distinguish it from
many other global contexts in which state land resumption, compulsory acquisition,
and/or expropriation are commonplace. As a legacy of this, the existing cadaster is
fragmented in its ownership which can limit the types of buildings able to be
constructed.

Both in Victorian times and today, planning norms play a heavy hand in urban
development, from the anti-slum ordinances regulating minimum lot sizes in the 19"
century to mandatory setbacks and street frontages of contemporary planning schemes.
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Australia’s largest cities continue to experience growth in their urban footprints, with
the highest levels of population growth in the country observed in the outer suburbs of
Sydney, Melbourne and Brisbane — growth that is associated with continued suburba-
nization and greenfield development (Australian Bureau of Statistics (ABS), 2018;
Coleman, 2016). Population growth in major cities has driven state and local govern-
ment policies aimed at urban consolidation but these policies leave it to private
developers to enact change on the ground. In practice, this means that residential
intensification in established inner areas (often through mixed use and TOD) occurs
at the same time as low-density greenfield development on the urban periphery. This
leads to two conflicting but co-existing urban structures within the same city - rela-
tively high density and well-serviced inner areas and low-density sprawl in the outer
suburbs. At the same time, the concepts developed by Conzen (1960) have not been
investigated in depth in Australia (Gu, 2010; Siksna, 2006).

Brisbane, Australia

Brisbane is located on the eastern coast of Australia, is the capital city of the State of
Queensland and is centrally located within the metropolitan region referred to as South
East Queensland (SEQ). It has historically had some of the highest rates of population
growth in the country (Australian Bureau of Statistics [ABS], 2016a). Like most
government structures in Australia, the local government, being Brisbane City
Council, undertakes most of the decisions around urban planning and development.
This study focuses on seven inner southern suburbs directly across the Brisbane River
from Brisbane’s central business district (CBD), including Dutton Park, East Brisbane,
Highgate Hill, Kangaroo Point, South Brisbane, West End and Woolloongabba
(Figure 1).

The study area was selected as the inner suburbs of Brisbane are the primary focus of
consolidation policy. It is a region that has experienced significant change and redeve-
lopment since its settlement in the 19™ century. Referred to as “Kurilpa” by the Jagera
and Turrbal peoples, Aboriginal people permanently occupied the study area for at least
30,000 years prior to Brisbane being opened for European settlement in 1838 (Kidd,
2001). In fact, much of the study area was managed in such a way to make settlement
more straightforward, with Aboriginal trails becoming major roads and significant
Aboriginal sites becoming today’s suburbs, with their original names retained, including
“Woolloongabba” which roughly translates to “place of fight talk” (Kidd, 2001, p. 470).
The initial settlement of the study area was confined to the riverbank, which was
dominated by wharves and other industry. As a comprehensive tram network spread
outwards from the CBD connecting all suburbs in the study area, the construction of
detached houses occurred along these routes. Suburbs such as Highgate Hill and East
Brisbane have generally been featured by residential land use since settlement.

The situation provided by early colonialism, including the need to transport new
products to global markets, import labor throughout the British Empire and the
perceived need to protect the colony’s population from the land’s original inhabitants,
provided the motivation for deliberate urban planning policy (Proudfoot, 2000).
Recognizing the thousands of years of Aboriginal land management which aided future
city-building, Brisbane was settled as a greenfield site and the colonial government
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Figure 1. Location of the study area in Brisbane and eastern Australia. Data sources: ABS (2018) and
Google Earth (2017).

surveyed land before it was granted or sold, resulting in rare opportunity for unplanned
settlement (Kidd, 2001; Siksna, 2006; Troy, 2004). As such, a British standardized town
plan was imported to Brisbane, with components including a grid pattern of streets,
rectangular lots and land rights allocated in a combination of town, suburban and
country lots (Home, 1997). Instead of creating through-lots (that is, lots that connected
to streets on both ends), the original town plan for Brisbane created back-to-back lots.
Sanders and Schroder (2008), in their analysis of Brisbane’s CBD, noted that the initial
layout of the town was “generous” in city block and lot size, resulting in underutilized
space which later experienced significant subdivision (p. 5).

Historically, the lot pattern in Brisbane’s CBD only rarely provided for systematic
subdivision or amalgamation, and instead, changes occurred in an ad hoc and irregular
manner (Siksna, 1998). Many lots in Brisbane were subdivided during the 19 century,
with very few lots amalgamated to create through-lots (Siksna, 1998). Moreover,
Queensland’s unique Undue Subdivision of Land Prevention Act 1885, introduced not
long after the study area became open to settlement, enforced a minimum lot size of
404 square meters and a minimum frontage of approximately 10 m as a public health
and slum eradication measure. This effectively eliminated small lots, ended row housing
(Laverty, 1970) and, arguably, legislated the beginning of urban sprawl in Brisbane. This
is an example of an unintended outcome but emphasizes that the layout of cities is not
due to some “invisible hand” but particular ideas and decisions (Talen, 2011, p. 974). In
fact, outcomes like urban sprawl can often be directly attributed to government policy.

Development patterns in Brisbane have had some of the lowest densities of any Australian
city. Contemporary planning in Brisbane is governed by statutory planning instruments at
both a state and local government level. All local government planning schemes must follow
the Queensland Government’s SEQ Regional Plan 2017. This regional plan covers the
metropolitan and regional cities of which Brisbane is at the center and sets urban infill targets
for each city (Department of Local Government, Infrastructure and Planning [DLGIP], 2017).
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These policies not only result from the work of government but also a number of related actors
in the property development sector. Public and private initiatives include the state govern-
ment’s “Density and Diversity Done Well” competition with private sector submissions used
to guide preferred development, outlining climate-sensitive design that addresses the “missing
middle” housing - the type of density between detached houses and apartment buildings such
as townhouses, which are expected to achieve the number of new dwellings required without
the need to expand into greenfield sites (Department of Housing and Public Works, 2018).
Ultimately, however, it is the market that decides which sites are developed. The local
government of Brisbane, through its planning scheme - the Brisbane City Plan 2014 - codifies
the specific requirements for development applications including building density, height,
street frontages, setbacks and provision of infrastructure such as utilities, roads and commu-
nity space. Typically, Brisbane City Council planning officials determine applications from
developers (be they major corporations or owner-developers) to alter lot alignments or sizes
through amalgamation, subdivision or reconfiguration; they also assess development applica-
tions for demolitions of existing dwellings and the construction of new ones (see Queensland’s
Planning Act 2016).

In the next few decades, Brisbane’s inner-city suburbs will continue to experience
population growth because of local and state government urban consolidation policies,
with little strategic guidance in the practical implementation of these policies (Walters
& McCrea, 2014). Brisbane will require an additional 188,000 new dwellings by 2041
(DLGIP 2017). To meet these predicted figures, the Queensland Government (the level
of government responsible for overarching legislation that Brisbane City Council is
responsible for implementing on the ground) has developed policies to use land more
efficiently through compact and higher density development within the existing urban
footprint known (DLGIP, 2017). The Queensland Government has acknowledged that
greenfield land is a limited resource and infill has been identified to manage population
growth, with a target of 60% of additional dwellings within all of SEQ to be infill
development and setting specific targets for local government. These range from 0% for
some local governments to the 94% required by Brisbane City Council (DLGIP, 2017).
This is consistent with many urban consolidation strategies across the world, such as
TOD which use mechanisms to encourage development around activity centers or
existing transport (Gillen, 2006). Despite the best intentions of urban consolidation
policies, the type of redevelopment often seen in Australian cities is not adequate in
contributing to sustainable growth due to its low density and quality (Newton, Meyer,
& Glackin, 2017; Ruming, Randolph, Pinnegar, & Judd, 2007). The informal and
piecemeal application of single lot subdivisions, which is currently occurring in cities
across Australia, reduces housing diversity both now and into the future (Newton et al.,
2011). It also makes it more difficult for change to occur, given that assembly of lot sizes
suitable for higher density redevelopment becomes increasingly difficult with more
landowners to negotiate with.

Data and methods

This study aims to understand the role of cadastral change in urban infill development
across seven Brisbane suburbs. We use the digital cadastral database (DCDB) provided
by the Queensland Government’s Department of Natural Resources and Mines
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(DNRM) to identify where changes of property boundaries occurred and to measure
the incidence of change in lot patterns over a ten-year period from 2007 to 2017. This
period was selected as the year 2007 is the earliest year where cadastral data are
available in a similar format as the latest data in 2017; it also enables a clear comparison
of boundary change over a decade when active redevelopment and changes have
occurred. Rather than counting individual lots, the term “boundary change” is used
throughout this article as it covers one event, be that an amalgamation, subdivision or
reconfiguration, regardless of how many lots are involved.

To identify property boundary change, we first converted the 2007 cadastral data
from polygon features to points using ESRI’s ArcGIS, a commonly used Geographic
Information Systems (GIS) software program, with each point representing the centroid
of the corresponding polygon feature. Thereafter, adapting the methods applied by
Frederickson et al. (2016), we overlaid the point data from the 2007 cadastral data on
2017 cadastral polygon data and calculated the number of points in each polygon data,
resulting in three possible outcomes: (1) no point (subdivision occurred); (2) one point
(no change); (3) two or more points in a polygon (amalgamation occurred). Figure 2
illustrates the process we take using a subdivision of one polygon in 2007 into two
polygons in 2017 as an example, and illustrates the three types of cadastral boundary
changes that have occurred within our study area, including amalgamation (combining
two or more lots into a single lot), subdivision (where a single lot is broken down into
two or more lots) and reconfiguration (all other changes). This assists in isolating
boundary change events in a way that is previously underexplored in the literature,
by targeting both spatial and temporal change.

Given the complexity of changes that may have occurred on the ground, a manual
review was undertaken to verify which properties experienced residential intensifica-
tion, and to exclude lots that have experienced property boundary changes for other
purposes such as commercial development or state infrastructure construction. We
used Google Earth satellite imagery, Google’s current and historical street view imagery,
Brisbane City Council’s Planning and Development Online (an online portal that
collates planning and development applications within the local government area
from 2004 onwards) as well as site inspections to verify and validate each property
change that we identified from the DCDB data in GIS. Furthermore, we categorized the
changes identified through the GIS mapping and manual validation processes into two
categories based on housing types: single dwellings (detached house) or multiple dwell-
ings (apartments, townhouses, and duplexes).

Results

We observed property boundary changes on 402 individual residential lots in 2007, which
became 254 lots in 2017. This represents 2.0% of the total number of lots in the study area in
2017. In terms of boundary change events, encapsulating amalgamation, subdivision, and
reconfiguration regardless of the amount of lots involved, a total of 182 boundary change
events were identified over the period from 2007 to 2017. This includes 93 amalgamations,
67 subdivisions, and 22 reconfigurations, resulting in 115 multiple dwellings, 64 additional
single dwellings (noting that 62 boundary changes occurred but some lots were subdivided
into more than two lots, with more than one additional dwelling. Including the original lot
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Figure 2. (a) An illustration of the method we adapt from Fredrickson et al. (2016) to identify
property boundary change (using a subdivision of one polygon in 2007 into two polygons in 2017 as
an example). (b) Three types of property boundary changes in the study area. Data source: DNRM

2007; DNRM 2017.

and dwelling, this is 126 single dwellings in 2017) and five vacant properties. There is no
greenfield land within the study area, so these vacant lots are a result of demolition or
“backyard” subdivision. The five properties that remained vacant after being subdivided
have the potential to be redeveloped, with three of these properties being owned by
individuals and the other two owned by one small land development company. Most
redevelopments occurred on properties that contained a detached house (118 out of 182).
Figure 3 illustrates the number of properties and the types of changes that occurred in the
study area over the decade period.

The number of boundary change events varied considerably by suburb in terms of
the type of boundary change (amalgamation, subdivision or reconfiguration) and the
dwelling type resulting from the boundary change (Figure 4). West End experienced the
highest number of property boundary changes (40), including the highest number of
amalgamations (22). Highgate Hill and Woolloongabba experienced the highest num-
ber of subdivisions (both 16).

Our results show that ad hoc development was prevalent throughout the study area.
The Brisbane City Plan 2014 seeks to consolidate growth through targeted densification.
The dominant zonings throughout the study area are Character Residential (Infill),
which generally covers inner-city, low-density areas comprised of existing houses built
in 1946 or before, or higher density zones ranging from medium (5 storeys) to high
density (maximum of 8 or 15 storeys). The Character Residential (Infill) zone allows for
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| 2007 Single Dwelling

2017 Single Dwelling

2017 Vacant-mm

Figure 3. Number of properties with boundary changes and the types of changes observed from
2007 to 2017 (n = 182). Single dwellings are detached houses and multiple dwellings include

apartment buildings, townhouses or duplexes.
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Figure 4. Number of property boundary changes by suburb and by type. Base layer map source:
HERE 2019.

infill development that retains the existing pre-1946 house, with the Brisbane City Plan
2014 hoping to achieve a greater choice in dwellings by facilitating the construction of
dual occupancy (duplexes), two-storey low-rise multiple dwellings (such as row houses
or townhouses), rooming accommodation or residential care facilities (Brisbane City
Council, 2014, para 6.2.1.5). This study identified that the fixity of property boundaries
makes redevelopment at higher densities difficult to achieve in a practical sense. Table 1
shows properties in a residential zone, excluding properties that were in zones allowing
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Table 1. Zoning under the current Brisbane city plan 2014 of the proper-
ties identified in this study purely zoned as residential.

Brisbane City Plan 2014 Residential Zone Number of properties
Character residential (infill housing) 60
Low-medium density residential (2 or 3 storey mix) 32
High-density residential (up to 15 storeys) 30
High-density residential (up to 8 storeys) 20
Medium-density residential (up to 5 storeys) 6
Low-Medium-density residential (up to 3 storeys) 1

for mixed uses, as density of these zones depends on the location. This table shows that
the most common form of land-use zoning for the properties identified in this study
was Character Residential (Infill), but 71.7% of properties constructed in this infill
housing zone after a boundary change were additional detached houses, rather than
multiple dwellings. Subdivisions generally facilitate the construction of additional
detached houses.

In fact, the majority (70.1%) of subdivisions resulted in the construction of one or
more additional single dwelling (detached house), whereas 94.6% of amalgamations
resulted in the construction of multiple dwellings (apartment buildings, townhouses or
duplexes). Almost all sites that underwent amalgamations were owned by property
development companies of varying sizes, whereas the properties that experienced
subdivisions were generally owned by individuals. This result is not unexpected given
that apartment buildings require a larger building footprint and outlay of funding.
Moreover, the momentum for further subdivisions (with more detached houses in
walking distance of Brisbane’s CBD) is tied to Australia’s land tenure regime with its
strong focus on private ownership, despite this process running counter to the objec-
tives of relevant planning schemes. In fact, infill development at higher densities is often
not associated with land-use zoning or proximity to public transport or activity centers
but is in fact correlated with local factors such as an area already being higher density,
or physical ease of development such as a flat slope (Mustafa, Van Rompaey, Cools,
Saadi, & Teller, 2018; Phan & Chandra, 2008).

Redevelopment types

Across all suburbs, 66.5% of redevelopments were greyfield development occurring on
existing residential land; 21.2% were brownfield (former industrial or commercial land)
development and only 12.1% of redevelopment occurred on vacant land formed
following a boundary change. Despite their close proximity to each other (the study
area is only approximately 5 km horizontally across), the results demonstrate that the
suburbs are each very different in terms of their boundary changes and subsequent
urban infill development. Greyfield development was the predominant type of redeve-
lopment observed on land experiencing a boundary change in East Brisbane (100.0%),
Highgate Hill (77.8%), Kangaroo Point (69.2%) and Woolloongabba (75.7%). West End
was the only suburb that experienced a majority of brownfield developments (52.5%).

These differing results can largely be attributed to the available land in each suburb
and the types of property boundary changes that occurred. The study area contains one
of the largest urban renewal projects in Queensland’s history, the former docklands in
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South Brisbane. South Bank Corporation, a statutory body, was formed in 1989 after
the Queensland Government decided to redevelop the area (including reconfigure lots)
into parklands, rather than selling the site for commercial development. There are many
other large lots consisting of former and operational industrial sites. A major dairy
factory, occupying a site of thousands of square meters, is still operational in South
Brisbane directly across the river from Brisbane’s CBD. West End was formerly
dominated by wharves and industry, with the largest West End site identified in this
study (as experiencing a boundary change and subsequent redevelopment) covering
a huge former industrial area of 64,740.0 square meters. Former industrial sites of that
size are scarce in other suburbs such as East Brisbane, where residential land use has
dominated throughout its history. West End’s mean lot size of redeveloped properties
was 5,181.4 square meters, far outstripping the mean for any other suburb by over 1,000
square meters — and being over 4,000 square meters larger than the mean in East
Brisbane. It would require at least six typical East Brisbane properties to obtain land of
the mean size of a West End lot - requiring negotiation with at least six landholders.

The brownfield sites utilized in West End, and seemingly favored by developers, are
large and often under single ownership, meaning that acquisition and development are
a relatively straightforward transaction. They are also well-located and serviced, given
the proximity of the study area to Brisbane’s CBD, and their size is of such a large scale
that it is closer to the sizes provided by greenfield development (Adams, Disberry,
Hutchinson, & Munjoma, 2001; Ruming et al., 2007). These large lots in the inner-city
are most attractive to major developers, more often because land assembly is not
required (Newton et al., 2011). It is these sites where the state has a heavy influence,
with state and local authorities either owning the site or directly involved in negotiating
the rezoning and conversion from industrial to residential use, with Brisbane City
Council in conjunction with the Queensland Government master planning the renewal
of industrial riverfront properties in West End and South Brisbane.

Permanency of the cadaster

The low numbers of cadastral change observed (182), when compared to the large
number of building approvals (1,298 for high-rise development in South Brisbane alone
in 2016, according to the Australian Bureau of Statistics [ABS], 2016b), indicate that
cadastral change is not readily utilized as a means of achieving redevelopment, even
when considering that not all building approvals result in actual construction. Once the
street layout and property boundaries have been created, they are extremely difficult to
reverse. Brisbane was originally settled based on a plan of street spacing of 221 by
111 m, blocks of 200 by 90 m in rectangular dimensions and blocks containing 20 equal
lots (Siksna, 1997). As Figure 5 shows, many blocks still match the original dimensions.
The first available survey plan of this area (undertaken in 1895) overlaid with the 2017
property boundary map show the changes in these lots over 122 years. The lots inside
have obviously been subdivided, amalgamated or reconfigured over time but the
original 20 equal lots of 45.3- and 20.2-m dimensions are still visible, and most still
remain. In East Brisbane, the mean size for all lots in 2017 was only 906.3 square
meters, just slightly below the mean size of Brisbane’s original lots as surveyed in 1895
(which were approximately 915.1 square meters).
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Legend

I:I 1895 Property Boundaries
2017 Property Boundaries

Figure 5. Property boundaries in 1895 and 2017 of the block surrounded by Melbourne Street,
Manning Street, Russell Street and Edmondstone Street in South Brisbane. With 19 equal-sized lots
and three small lots in 1895, this block has only five subdivisions and one amalgamation after 122
years. Sources: McKellar (1895); Department of Natural Resources and Mines (DNRM) (2017); Google
Earth (2017).

Similarly, Siksna (1997) concluded that the block size in Brisbane was, in comparison
to other cities, of a medium size and that as a result the urban frame is less susceptible
to subdivision and remains intact over time. The results of this study demonstrate that
boundary changes generally arise spontaneously through the initiative of individuals, be
that owner-developers or development companies. Public authorities currently have
little influence where redevelopments occur, with most potential for intervention
occurring on large sites that require rezoning in return for redevelopment.

Further fragmentation of the cadaster

While land release and zoning are determined by government, the direction of invest-
ment is determined by the market. As such, government intervention has minimal
substantive impact and the resulting urban form is a disorganized, patchy and frag-
mented mix of redevelopment (Randolph & Freestone, 2012). Figure 6 of Carl Street,
Woolloongabba, demonstrates this phenomenon, where a consistent low-density resi-
dential streetscape in 2007 becomes a patchy streetscape in 2017 with detached houses
neighboring apartment buildings.

Our findings show that most redevelopment (118 out of 182 or 64.8%) occurred on
properties with a detached house, which are attractive to smaller developers or owner-
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Figure 6. Street view of Carl Street, Woolloongabba in 2007 and 2017 (Google, 2017).

developers. Moreover, 62 redevelopments resulted in the construction of additional
detached houses, within 2 km of Brisbane’s CBD. While such developments contribute
to urban infill targets, detached houses being constructed in Brisbane’s inner suburbs
simply further fragments the cadaster, which will make largescale urban infill develop-
ment more difficult when vacant or industrial land with large lot sizes is no longer
available.

Conclusion

For cities to adapt to fast-changing social, environmental, economic, and demographic
imperatives, it is essential that urban planners, developers, and local government better
understand how property amalgamation, subdivision, and reconfiguration take place in
practice. This study shows that cadastral change in greyfield areas largely results in
additional lots with more detached houses, rather than multiple dwellings, and that
developers building multiple dwellings continue to favor brownfield sites, even when
the amalgamation of lots is required. To this end, brownfield sites are those in which
the state has the most direct influence, as industrial conversion through rezoning, and
land acquisition for other uses (such as parks and schools) is facilitated through
negotiation with a single owner on a large-footprint land lot. Outside of these former
industrial areas, cadastral change in Brisbane’s inner suburbs proceeds without statu-
tory guidance from regulatory bodies, propagating ad hoc redevelopment.

Urban infill targets of 94% will be difficult to achieve if cadastral change in inner-city
suburbs continues to fragment the cadaster with smaller lots and low-density dwellings.
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Most lacking is guidance for how developers should approach infill in the statutory
planning instruments applicable to Brisbane at both a local government and state level
(Department of Local Government, Infrastructure and Planning (DLGIP), 2017;
Brisbane City Council, 2014). The existing planning systems, primarily planning
schemes that utilize land-use zoning as a means of altering building form, manage
impacts from individual developments rather than delivering outcomes for the com-
munity. The state government’s overarching SEQ Regional Plan 2017 sets an infill target
but the responsibility for the approval of development largely rests with local govern-
ment. Brisbane City Council uses zoning as a means of densification, with many areas
within the study area zoned as High-Density residential areas. Density is also incenti-
vized, as some regions with larger footprints can build taller buildings.

Nevertheless, our results demonstrate that it is the market that decides whether the
dwellings in those zones change form. Lack of political will combined with Australia’s
strong private property rights creates a situation where private ownership interests take
preference over wider community considerations, and the existing planning systems
largely ignore the economic factors of redevelopment, including site acquisition and
composition, and ignore the scale of planned development. The local government takes
an active role in approving specific developments (assessing their codified requirements
around height, density, setbacks, car parking spaces and the like) but takes a step back
to bigger picture issues such as how multiple developments interact and how cohesive
they are within a neighborhood. If current trends continue and cadastral change in
greyfield areas is limited to subdivision of existing lots (and developers continue to
preference brownfield land for largescale developments), cities will be limited in their
ability to adapt to a changing world and meet the demands of new industry and
technology.

Attempts at urban infill can be hampered by the physical structure of the city, but
our research also highlights that current redevelopment efforts are a direct consequence
of Australia’s land tenure system, which favors private ownership and low state inter-
vention in development. Future policy should be mindful of the constraints imposed by
weak planning instruments, and the lack of statutory specificity with regards to inner-
city redevelopment. If infill development is to take the forms desired by existing local
and state government planning schemes, the state must play a more active role in site
acquisition and redevelopment. There are very few mechanisms for authorities to
assemble land in Australia (except by compulsory acquisition), whereas European
nations such as France, Germany and the Netherlands all have public authorities with
a range of powers that allow them to overcome ownership constraints and assemble the
necessary lots for redevelopment, even if that means selling the land to private devel-
opers once the lots are reconfigured (Louw, 2008). This research goes some way in
analyzing the physical barriers to infill development but also demonstrates the scope for
future quantitative analysis of the factors that influence cadastral change, as well as
socio-political factors including community opposition to urban infill and the political
will for reform.
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