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Abstract: As Melbourne faces exponential population growth, the necessity for resilient urban plan-
ning strategies becomes critical. These strategies include mixed land use, density, diversity, and
sustainable transportation through transit-oriented development (TOD). While TOD promises to ac-
commodate growing populations and address environmental concerns, it also raises issues regarding
its unintended consequences on poverty and inequality, notably through residential displacement
and gentrification. This study investigates the impacts of TOD construction on inequality in Footscray,
employing spatial analysis techniques like the hedonic price model (HPM), robust regression analysis,
and Pearson correlation analysis. It aims to understand how spatial factors influence housing prices
and their correlations. Additionally, the study uses observational spatial analysis via Google Street
View (GSV) to examine indices such as housing development type, traffic signage, sanitation facilities,
and house beautification. This approach seeks to build an evaluation framework to assess the extent
of TOD street reconstruction and its impact on gentrification and displacement. The research adapts
existing knowledge to create a tool for reviewing past planning decisions and assessing the fairness
of TOD planning implementation. By providing assessment and guidance to mitigate the potential
adverse impacts of TOD, this study contributes to the advancement of urban-planning practices,
offering insights into mixed land use and effective strategies to balance economic development
and social equity, thereby enhancing community resilience. Ultimately, this research deepens our
understanding of the impacts of TOD on urban inequality and offers practical tools and insights for
more equitable and sustainable urban development.
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1. Introduction
1.1. Transit-Oriented Development: An Urban Sustainability Strategy

As urban populations expand, the imperative for sustainable urban development
intensifies. Transit-oriented development (TOD) plays a crucial role in this context, of-
fering a comprehensive strategy to improve access to goods, services, and employment
through efficient public-transport systems [1]. TOD focuses on transit accessibility and pro-
motes a sustainably built environment by integrating mixed use, density, and walkability
around public-transport stations [2]. Despite its advantages, such as reduced air pollution
and car dependency, TOD may introduce challenges like increased noise, vibration, and
crime, potentially affecting community acceptance and quality of life [3]. The impact on
displacement and justice is particularly significant in discussions on urban development.
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1.2. The Australian Context: Challenges and Opportunities

In Australia, urban sprawl and congestion have led to economic, social, and envi-
ronmental issues, including reduced productivity, social exclusion, and increased carbon
emissions [4]. TOD emerges as a salient solution to these challenges, advocating for high-
density development proximate to major transit stations to alleviate congestion and foster
sustainable urban growth [5]. Although successful international TOD examples exist, its
adoption in Australia has been slow. Nonetheless, the Melbourne metropolitan region
has begun embracing TOD principles, as is manifest in the Policy Melbourne 2030 and
the conceptualization of ‘Central Activities Districts’, ‘20 Minute Cities’, and ‘Activity
Centres’ [6].

1.3. Footscray Detailed Overview

Footscray, known for its diverse community and proximity to Melbourne’s city centre,
along with recent public-transport infrastructure improvements, was selected as the focus
of this study. Footscray stands out due to its diverse community, its prime location close
to Melbourne’s city centre and recent advances in public-transport infrastructure. The
suburb’s unique characteristics make it an ideal case for examining TOD’s impact on urban
neighbourhoods [7]. Following TOD implementations such as the 20-min cities scheme,
activity centres, and transit cities, Footscray has seen significant changes in housing prices,
demographics, and urban redevelopment. This study aims to reveal how TOD influences
urban neighbourhoods in Footscray and beyond.

1.4. Research Objectives and Questions

This study explores the impact of TOD policies on redevelopment in transit station
areas, employing HPM, robust regression analysis, Pearson correlation analysis, and GVS in
Footscray. It aims to develop an evaluation framework for displacement and gentrification.
The research questions are the following: How does TOD affect house prices, and what is its
relevance to displacement? The study synthesizes evaluation-framework results for house
prices and redevelopment, offering recommendations for planning-policy development.

2. Literature Review
2.1. The Role of TOD in Urban Planning

The academic definition of TOD is the development of mixed density, mixed-use
housing within a pedestrian-friendly radius, with transport hubs as the core, encouraging
active transport and providing more convenient access to basic services [1]. Originally, the
concept of TOD was proposed by Peter Calthorpe, an American urban designer, in order to
provide ideas to address suburban sprawl and to balance the development of urban centres
and suburban infrastructure in the context of the new urban liberalism [8]. Specifically,
TOD is an urban-development model that addresses the problems of urban sprawl and
environmental issues in order to develop a compact city with sustainable communities [9].
When the TOD is built, the density of the surrounding commercial and residential areas
will increase from outward to public transport stations. And land prices within the TOD
service area continue to rise as the TOD is improved. More importantly, as Cruits [10] point
out, a successful TOD may not only save residents’ commuting time, but also benefit the
urban society, urban environment, and urban economy.

In urban planning, TOD is more about planning and comprehensive urban design
strategies to achieve a sustainable, compact, and climate-resilient urban vision [9]. There-
fore, it can be seen from different TOD city government documents that government
policies tend to propose TOD-related policies from different planning aspects, such as
housing-planning policies and transportation-planning policies, etc., to form a comprehen-
sive transportation-oriented strategic framework with specific requirements to ensure TOD
implementation [11,12]. Furthermore, as Scheurer and Porta point out, TOD can also be
a strategy for generating more urban economic revenue initially [13]. Therefore, TOD is
not only the development of transit facilities, but also the policies or strategies on other
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credentials of development that need a “multi-bench” to commence as well [14]. Policies
and strategies that support TOD are given in different kinds of urban policies to determine
the specific requirements and standards for the implementation of TOD in different aspects.

For example, in Charlotte, North Carolina, the infrastructure policy and living amenity
strategy mentioned developing transit infrastructure and encouraging development along
five major transportation corridors for the integration of transit and land use [15]. In
addition, accessibility to public transportation is another thing that the government al-
ways considers, so different urban policies will provide different guidelines to ensure
the accessibility of the TOD region. The Planyc housing strategies mentioned building
more new housing within the 0.5-inch radius of the transit station [16]. In addition, the
Portland Community Development Strategy states that community development is to
be accomplished with the hope that community members can access amenities within
20 min [17]. Furthermore, the Strategic Framework of Cape Town points out that it is
needed to guarantee Cape Town’s TOD Strategic Framework, which has set targets to
improve access to transit by 12% by 2032, and to reduce kilometres travelled by passengers
by 23% [18].

The above three examples all link the construction of TOD with accessibility and
use accessibility as an indicator to manage the construction of TOD suburbs. These com-
mon characters are valuable and can be used as a reference for studying similar poli-
cies in Australia. Additionally, it can be seen that TOD is a widely implemented urban
development-planning strategy [19].

Melbourne’s TOD strategy and policies are comprehensive at both metropolitan and
state levels, referring to different strategic approaches to TOD implementation and expected
outcomes. As Melbourne 2030 mentioned, better management of metropolitan growth [20]
will concentrate urban growth areas into growth areas dominated by public transporta-
tion [21]. In the state’s PPF, it is also mentioned that the area close to the bus station should
be encouraged to develop in medium and high density, and the infrastructure should
be improved to create a city with TOD characteristics [22]. Melbourne, as the targeted
city, has developed TOD cities by encouraging high-density development along transport
routes [23]. Therefore, according to the above policies and strategies, the TOD concept
plays an important role in the strategies of Melbourne and has been given the expectation
bringing about more positive impacts on the future development of the city.

2.2. The Concept of Gentrification and Displacement

Gentrification describes the process by which wealthier people move into areas of
lower socio-economic areas, attracting new business and improving housing, then displac-
ing current inhabitants. The term ‘gentrification’ originally referred to a practice of the
English gentry during the 19th century. They kept an inner-city flat in addition to their
country home [23]. The original use of the term originated in the mid-1960s when Glass
observed the changes in the inner city of London. The social and housing market in the
city centre was changing as the middle class moved back from the suburbs and drove
out the working class who lived there. There is still no universally accepted definition of
gentrification, and research continues to try to better understand it.

The effects of gentrification are more complex than the factors that cause it. For
most planners and sociologists, gentrification is a negative social problem. It displaces
relatively poor, disadvantaged groups in the areas where they usually live, especially
renters [24]. Gentrification thus disrupts social life and has the inevitable consequence of
displacement [25]. Conversely, other commentators have praised gentrification, arguing
that it can lead to urban regeneration, boost the economy of a site, and increase local
property values. From blighted and derelict neighbourhoods, they are transformed into safe
and vibrant new communities with good and beautiful homes and attractive commercial
services, all without the need for generous new investment from the public [26]. In short,
displacement is a necessary consequence of gentrification.
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Displacement is an analytical perspective that can be used to understand the impact
of various urban-development policies on local communities [27]. Social displacement is a
term to describe residents’ movement, from the inner city to outer suburbs, or just the loss
of their original housing due to several reasons [28].

In most developing countries, like China and India, most kinds of displacement
are caused by urbanism and the redevelopment of inner-city spaces, so that there are
some policies indirectly causing the residents to leave [29,30]. In developed countries,
displacement might not be affected by policy directly, but gentrification and infrastructure
investment may cause this social phenomenon [29]. For example, after Watt surveyed
London residents, it was found that behind the policy of demolishing houses caused by
the redevelopment of the city, the displacement experienced by people of different statuses
and families is multi-level and socially complex [30]. Thus, for policy evaluation and
recommendations, it is necessary to conduct multi-angle measurements and an analysis of
the displacement.

Displacement can be measured through data changes from various aspects [29]. In
the development of the city, displacement is divided into three main aspects. One is
policy-oriented, where houses are forcibly demolished, another is market-oriented, because
investors or homeowners increasing housing prices, which people with low incomes cannot
afford, and another is social resource-oriented, concerning community infrastructure or the
adequacy of public resources [31].

In detail, measuring displacement can be judged from the following aspects: the
number of houses being rebuilt, the rate of migration in and out of low-income groups,
the investment in infrastructure construction, the changes in housing prices, and the
investment of investors. As Garton and Lack discovered when analysing the post-colonial
characteristics of Footscray [32], the ownership of houses and the status of immigrants are
significant in the process of gentrification and suburban migration. Similarly, factors such
as the housing crisis, rising housing prices, and the increase in the number of investors
are also referenced indicators for displacement, which has a more obvious impact on the
displacement of residents with low incomes [33]. The above-mentioned influencing factors
all have branches that can be used for reference to the displacement problem.

The impact of urban TOD construction on displacement and gentrification is contro-
versial because TOD does reduce transportation costs on the one hand [34], but on the
other hand it does result in higher land prices due to the concentration of more businesses,
infrastructure, etc. in TOD centres [35]. Various studies have shown that the impact of
TOD varies across geographic settings and community characteristics [34], and even has
conflicting results [36]. To determine the potential negative impacts of TOD policies, prior
studies were compared and generalised. In low-income neighbourhoods, TOD has been
effective in easing the stress of living for private car-dependent households, but some cities
have indicated that the reduced costs have not been able to offset the rising house prices.
At the same time, TOD’s attraction to the middle class in the city has led to the crowding
out of people with lower incomes. And it promotes market-oriented housing develop-
ment. In Switzerland, for example, the redevelopment of the Rosengard district exemplifies
multiple contradictions, and the authors suggest that its redevelopment is a process of
recapitalisation, with the risk of privatising housing. And, because people in the area do
not have a high demand for travel, its improvement in transport costs is not significant, nor
is there significant displacement [34]. In Los Angeles, for example, research has linked rail
development to gentrification and the displacement of public transit’s core ridership. A
significant finding was that 76% of zoning changes and general plan amendments approved
between 2013 and 2016 increased residential density, primarily in TOD areas. These areas
were also more likely to experience gentrification, as indicated by changes in educational
attainment, occupational level, race, median rent, median income, and tenure. The study
suggests implementing affordable housing TOD policies that include value capture to
increase the supply of affordable housing around transit, highlighting the necessity of a
community-driven planning process [37,38]. Meanwhile, there are also relevant studies
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from India, which prove that there is indeed a positive impact on the burden of living for
human beings. This also suggests that TOD may be more effective where high-density
development is required.

2.3. Gentrification and Displacement in Melbourne

There are various reasons for the current displacements in Melbourne, but they are all
directly or indirectly related to the policy. Displacement is the result of gentrification, and
it is also the result of policies that do not fully consider the unconscious negative effects of
the crowd [33].

For instance, uncontrolled taxation and lending policies have promoted investors’
enthusiasm for housing and created an ‘irrational exuberance’ in the real-estate market [33].
When studying displacement in western Melbourne, it was found that the housing crisis is
a major cause of displacement, especially for people with low incomes. Meanwhile, the
distribution of social infrastructure can also lead to forced displacement. For example, there
is a shortage of schools in the centre of Melbourne, which cannot meet the needs of the
family, so they moved to the outer suburb [39].

However, Nethercote [39] also states that the reason for strengthening the construc-
tion of infrastructure is to unconsciously invest in the collective consumption budget in
capital and upgrade the land by depriving the city of space and building infrastructure as a
commodity value. Footscray also has this debate about displacement caused by the Trans-
port City policy, which is a policy that includes infrastructure- and housing-construction
incentives [40].

2.4. Research Goals

The increasing focus on transit-oriented development (TOD) in Melbourne, driven by
rapid population growth, emphasizes the need for compact, high-density mixed land use
centred around public transportation. This approach, while offering numerous benefits,
also presents challenges, particularly in its impact on resident displacement and addressing
issues of poverty and inequality in urban planning. The study conducted in Footscray,
Melbourne, employs spatial analysis based on a hedonic price model and Ordinary Least
Squares to investigate how TOD influences housing prices and what factors contribute to
this effect. The use of observational spatial analysis, including Google Street View (GSV), to
select indices like housing development types, traffic signs, sanitation facilities, and house
beautification, aids in exploring the extent of redevelopment in TOD streets. This system
(Figure 1) is then used to construct an evaluation system, combine the two perspectives
together, and assess TOD’s impact on gentrification and displacement from spatial and
temporal perspectives [41,42].

The main research objectives include evaluating TOD’s impact on urban sustainability
and equity, focusing on changes in housing and the rebuilt environment around public-
transport stations. Also, another goal is to build an assessment framework for the TOD
policy practice in order to know the extent gentrification in the specific area and be consid-
erate of the minority. Despite the success of TOD internationally, its adoption in Australia,
particularly in understudied areas like Footscray, is limited.

Since the concept of gentrification was clarified, there has been a great deal of extensive
research into the phenomenon in the context of the United States. There is considerable
evidence that gentrification has been experienced across the globe, except for in the United
States [43].

The research gap identified is the need for a comprehensive understanding of TOD’s
benefits and drawbacks, including how it affects property values and people in daily
life [41]. Australia is no exception, but the extent to which gentrification has occurred may
not be as dramatic as in the United States [44]. Different country contexts are analysed
differently, and thus gentrification in Australia needs to be studied as well. And, based on
the existing research in the LR section, we make the following hypothesis: the development
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of urban TOD construction, although it is a positive government policy and development
model, can also due to bring unconscious negative impacts.
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However, the causes of gentrification are too complex to include displacement as
one of the corollaries of gentrification [27,45]. Also, as Chapple [46] pointed out, while
gentrification may be related to investment in transit-oriented development, little of the
specific research has quantified their relationship. Therefore, this research will examine
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displacement as a quantifiable factor to identify appropriate methods and indicators to
show how TOD affects displacement [46].

Much of the existing research on displacement has been conducted through quantita-
tive methods to demonstrate that the quantified indicator has an impact on displacement,
or to demonstrate the existence of displacement through the aspects represented by the
indicator [47]. Others have used a qualitative approach to critique policy shortcomings
that have an impact on displacement [48]. However, due to regional social variability,
different regions have different social problems and causes of displacement. Most research
has been conducted in countries such as the United States and the United Kingdom, with
less research conducted in Australia. There is also a lack of literature on the quantitative
relationship between policies on infrastructure other than housing policy and dispossession.

The significance of this research lies in adapting existing knowledge and developing
novel tools to assess the fairness in the implementation of TOD plans. This assessment aims
to guide decisions in TOD planning, reducing potential adverse impacts, and providing
insights into balancing economic development and social equity in urban planning.

3. Materials and Methods
3.1. Study Area

Footscray is a vibrant inner-city suburb in Melbourne, Victoria, Australia (Figure 2).
Located 5 km west of Melbourne’s central business district is the city of Maribyrnong’s
Local Government Area and its council seat, rendering it a crucial part of the city’s urban
fabric. Geographically, Footscray’s coordinates are approximately 37◦47′–37◦48′ S latitude
and 144◦53′–144◦54′ E longitude. The Maribyrnong River significantly shapes the southern
boundary, contributing to the distinctive character of the suburb. The site comprises
residential, commercial, industrial, and mixed-use areas and is characterized by a very
diverse and multicultural central shopping district. It is strategically positioned, acting as a
bridge between the inner and outer suburbs of Melbourne. According to the local mayor,
the area ‘would soon have the second-highest skyline outside the Melbourne CBD’ [49].
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Demographically, Footscray has experienced successive waves of immigration, re-
fleeting the cultural diversity Melbourne prides itself on. Over the years, the area has
undergone a demographic shift, with a significant mix of long-time residents and newcom-
ers adding to the suburb’s socio-economic vibrancy. It covers an area of about 5 square
kilometres and has a population of 17,131 as of 2021 [50]. Due to urban-development plans
and the growing demand for housing and commercial space, the suburb has undergone
a transformation. These changes affect the availability and allocation of resources and
affect the socio-economic conditions of communities. In addition, Footscray’s transport
infrastructure plays a key role in its connectivity. It is well served by public transport,
including trains, buses, and trams, facilitating activities in the suburbs and connecting it
to the wider Melbourne metropolitan area [51]. Accessibility is further improved by the
presence of major roads and highways. The significance of this study lies in the unique
characteristics of Footscray. As a historical industrial centre, the suburbs have witnessed
urban renewal and gentrification, leading to a shift in land-use patterns [52]. In addition,
since large infrastructure is more evenly distributed across the region, the impact of market
externalities on house prices from other pre-existing infrastructure can be avoided to ensure
more accurate experimental results.

In 2001, the Victorian Government launched the Transport Cities and Places Man-
agement Plan. Based on TOD’s development principles, the proposal aims to redevelop
and cluster higher density mixed-use developments around the 13 designated transport
hubs, revitalizing the development through better connectivity of transport and land use.
Footscray Railway Station is one of the 13 public-transport hubs.

The Footscray Transit City project falls within a broader strategic planning context.
Located close to the CBD and west of Melbourne, Footscray is also at the junction of three
rail lines, served by one tram line and 13 bus lines with an extensive public transport
infrastructure. Its unique location has made Footscray one of the 25 major activity centres
in Melbourne 2030 [21] and a unique position-holder in a major transit network. In addition,
the status of the Melbourne @ 5 Million strategy has been upgraded to “Central Activities
District” (CAD). Footscray has a key strategic position, and the Footscray Station precinct
has multiple targets based on previous strategic work. Some of them are the following: to
enhance the environment, to celebrate identity, to develop an intermodal transportation hub,
to encourage economic growth, to reinforce connectivity, to increase safety, consolidating
retail space, etc. These goals contributed to Footscray becoming a TOD open project.

The Transport-Oriented Development (TOD) strategy implemented in Footscray aims
to leverage its strategic location and transport infrastructure to promote sustainable and
integrated urban living. As Footscray undergoes urban transformation, it is critical to
assess the potential impact of TOD on the community’s internal displacement. This study
aims to analyse the interplay between TOD initiatives, socio-economic factors, and dis-
placement dynamics to provide valuable insights into Melbourne’s urban planning and
development strategies.

3.2. Date Sources

In order to analyse whether Footscray’s TOD construction has an impact on displace-
ment from temporal and spatial perspectives, in this study, a mixed-methods approach was
used to collect and analyse the data. The data sources are displayed on Table 1. Firstly, in the
time dimension, the housing spatial data and price data before and after the transit-oriented
development in Footscray will be collected. These data will then be analysed using the
hedonic price model and Ordinary Least Squares to determine whether distance from the
TOD becomes one of the key characteristics that affect the price of different types of housing
by comparing data from two periods, before and after the construction of the TOD, and
how this happens. Secondly, in the spatial dimension, the Google Street View-based spatial
analysis will be used to determine the difference in the amount of housing redevelopment
and infrastructure development within and outside of the walkable distance of the TOD.
Finally, based on these two analyses, it is inferred whether the construction of TOD is
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related to residential displacement in Footscray and how these residential displacement
indicators are influenced by TOD construction.

Table 1. Data sources.

Data Source Reference Year Spatial Resolution Data Availability

Administrative boundary data Data.gov.au 2021 vector data Freely available

Transport sites and railway-plan policy VIC plan 2021 PNG Freely available

Housing rates Information Aurin 2021 shapefile Available with
application

Housing locations, Types, and Price Real-estate
company 2012–2021 CSV Available by using

crawler extraction

Building surroundings Google street view 2012–2021 JPG Freely available

3.3. Methodology

The purpose of this study is to analyse whether TOD construction affects residen-
tial migration in Footscray, and if so, how it affects residential-migration indicators. As
pointed out in the literature review, changes in housing prices, the number of houses
rebuilt, and investments in infrastructure development can be used as three indicators to
determine whether an area is experiencing residential displacement [53]. Therefore, in
the temporal dimension, the changes in different types of houses’ prices before and after
the completion of TOD are compared, and in the spatial dimension, the differences in
indicators such as the number of housing redevelopments and infrastructure investments
within and outside of walking distance from the TOD are compared, and through these
comparisons, it is possible to observe whether the construction of a TOD has an impact on
these displacement indicators.

3.3.1. Spatial Analysis Based on Hedonic Price Model

In the time dimension, to evaluate the impact of TOD construction on housing prices, a
spatial analysis based on the hedonic price model would be a suitable model for housing’s
spatial data and price data analysis. The hedonic price model (which is also called the
HPM) is a mathematical model, which has been applied by a range of scholars, that can
express the relationship between the land parcel’s attributes and its market value [54]. It is
particularly suitable for analysing the relationship between the house price and distance
in the economic aspect. One of the cases is Sim. et al. [55], who has used the hedonic
price model as an analysis method to measure the impact of Box Hill’s TOD on residential
property prices. Analogously, Chen et al. [56] have also used the HPM to analyse the
impact of Sydney Northwest Metro development on neighbourhood residential property
valuations [56].

The HPM is a mathematical model that expresses the relationship between a land
parcel’s attributes and its market value [54]. First, it includes collecting the property data as
well as price data and spatial data of houses. These data are then substituted into hedonic
price models. There are three main forms of the hedonic price model. This research will
use the Linear model of the HPM as the analysis model. The equation is shown below.
In Equation (1), P represents the housing price, a0 is the constant, ε is the error term,
Zi represents the housing attribute variable, and ai represents the coefficients that need to
be estimated.

P = a0 + ∑ aiZi + ε (i = 1, 2, 3, . . . , n) (1)

In house-price research, the data are often affected by outliers, leverage points, or
heteroscedasticity, which can negatively affect the accuracy and reliability of HPM esti-
mates. To address these issues, robust regression analysis is introduced in this study as a
complementary method aimed at improving the robustness of the estimated results and
ensuring good resistance to outliers or atypical observations. Robust regression requires

Data.gov.au
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the use of iterative methods to solve model parameters, such as iteratively weighted least
squares. LeSage and Pace [57] discussed in detail the application of spatial econometric
models in their work, including how to deal with outliers and leverage points in spatial
data, and also provided in-depth guidance for the application of robustness and spatial
regression analysis in the study of real-estate economics.

Finally, in order to verify the results of the previous analysis and further explore the
correlation between variables, we used Person correlation analysis. Pearson correlation
analysis measures the strength and direction of the linear relationship between two contin-
uous variables [58]. The Pearson correlation analysis is expressed by Equation (2), where r
is the correlation coefficient, X is the seven independent variables, i is the sample data, and
Y is the dependent variable, the house price before 2012 and the house price after 12 years:

r =
∑n

i=1
(
Xi − X

)(
Yi − Y

)√
∑n

i=1
(
Xi − X

)2
√

∑n
i=1

(
Yi − Y

)2
(2)

They ensure the logic and systematisms of the whole research and make the research
results more comprehensive and reliable.

This research collected spatial data and housing-attribute data for three types of
housing in two time periods, before (2004–2011) and after (2013–2020) TOD construction.
For each type of house, 40 house property data points and spatial data points will be
collected as a sample. The locations are shown in Figure 3. After collecting data, the HPM
will be used as a mathematical model to analyse the relationship between housing attributes
(e.g., the distance of the house from the TOD and the size of the house) and market value.
To analyse whether there is a relationship between TOD construction and different types of
housing prices and how TOD affects the prices of different types of housing in Footscray,
housing attributes for both time periods will be used as variables and then regression
coefficients and p-values (importance parameters) for these attributes will be calculated
using the hedonic price model and robust regression analysis.
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3.3.2. Observation-Based Spatial Analysis Using Google Street View (GSV)

In the spatial dimension, observation-based (Google Street View or field observations)
spatial analysis would be an appropriate method to analyse the amount of housing rede-
velopment and infrastructure investment in the Footscray area. A considerable number
of scholars have used the method of Google Street View to investigate the gentrification
level around the world. For instance, Hwang and Sampson addressed the gap between
uneven evolution across times and spaces of gentrification by introducing a method of
systematic social observation using Google Street View to detect visible cues of neighbour-
hood change [59] and combining this with integrating census data, police records, prior
street-level observations, community surveys, proximity to amenities, and city budget data
on capital investments for the case study of Chicago between 1995 and 2009. Afterwards,
Ilic et al. [60] applied Google Street View, which detects gentrification-like visual changes
to illustrate where the spatial concentration of visual property improvements was highest
within the study area at different times from 2007 to 2016 in Ottawa, Canada [60]. Simi-
larly, Sanchez virtually visited Talca and Santiago [61], Chile, using Google Street View
and followed this with an in situ observation to identify and investigate the effects of
green gentrification in the Global South. It can be shown that Google Street View used for
investigating gentrification is a convincing and credible method.

The spatial analysis is one of the suitable research methods to analyse how transit-
oriented development influences house prices in Footscray. Spatial analysis is a geograph-
ical analysis that seeks to interpret the patterns of human behaviour and their spatial
expression in terms of mathematics and geometry [62]. Spatial analysis is widely used
based on microeconomics to predict the spatial patterns that should occur, for example,
the growth of networks and urban systems [63]. Also, as Joe pointed out in the third-week
lecture, it is possible to show how things exist or change across space by analysing spatial
data [64]. The change in street infrastructure, the increase in housing and the difference in
built forms are the external manifestations of urban development.

This method in our research combines street-view observations with data analysis to
present an accurate and convincing discovery of gentrification. We started with looking
at the Housing Development dataset in Geographic Information System (GIS) that was
provided by the state of Victoria’s Department of Environment, Land, Water, and Plan-
ning [65], and created Figure 2 according to the data. Figure 1 is based on the indicator of
total net dwelling, which reveals the net change in dwelling stock over the year, to see how
the varying degrees of dwelling changes in number on the map between 2005 and 2016.
Then, we discovered there are specific streets that change the most. In order to investigate
the gentrification degree of this area before and after the construction of TOD, we selected
five specific streets to conduct the street-view observation. We chose three streets within the
400 m range deeply affected by TOD and two streets outside the 800 m range that would
not be strongly affected by TOD, which are all the most greatly changed streets within this
range shown on the map (Figure 2). We intended for Australians to select the five streets
with the greatest changes, so that the comparison could be made to discuss this further
at the same level, such as whether the street view near TOD changes greatly and updates
more, while the area further away from TOD changes less, or whether there are different
discoveries in different streets.

The detailed operation of this method was as follows: after the site selection, a quanti-
tative coding model that helped to code each dwelling according to corresponding GSV and
the Housing Development data [66] had been built. This model used a transformed model
from Hwang and Sampson, which can be more appropriate in an Australian context [59].
The brief structure of this model is below:

• Analysing the Housing Development data

1. For assessing the changing degree of dwellings, use the following variables:
According to the dataset, if the dwelling on the selected street with the indicator
“total net dwellings” is higher than 3, mark the lot as ‘2’; if it is between 1 and
3, mark it as ‘1’; if it is 0, mark it as ‘0’, and mark it as ‘−1’ when the total net
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dwelling is less than 0. For indicator “area”, if the area increases, mark it as ‘1’,
or otherwise ‘0’;

• Grading and Recording from the Street View

2. Signs or structures controlling traffic (e.g., speed, pedestrian crossing, bike lanes,
or parking): we coded 0 for not having the traffic signs and structures and 0.5
for having them;

3. Public courtesies (e.g., bus stop or subway entrance, street furniture, bike racks,
public trash cans, or streetlamps): we coded 0 for not having the public courtesies
and 0.5 for having them;

4. Signs discouraging disorder (e.g., neighbourhood watch, anti-littering/loitering/
drug use/vandalism/graffiti [including if painted over or covered by murals]):
we coded 0 for not having the signs and 0.5 for having them;

5. Beautification in personal and vacant areas and public street frontage: we coded
0 for not having any beautification, and 0.5 for having it.

Next, we looked at the dwellings in the year in which we could find the oldest and the
latest in the GSV website and captured them for further access, e.g. Figure 4. The reason
we chose these years is that we wanted to make sure that every change that may have been
impacted by the construction of TOD was stable given these long periods. The TOD was
completed in 2012, almost in the middle of the year that we chose (ranging between 2007
and 2021).
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This study utilizes the Delphi method in scoring to explore the impact of TOD on
housing. Through multiple rounds of expert panel discussions, we have sought to bring
together the judgment of professionals to objectively reveal the key factors through which
TOD may impact on housing. In modern times, the Delphi method has evolved into a
statistical method that not only collates individual opinions, but also aggregates them into
a statistically generated consensus through collective intelligence [67]. Hwang et al. also
studied gentrification in Chicago neighbourhoods using Google Street View gentrification
observation (GGO) as a means of data collection [59]. In this method, they used two raters
to score and then they used the average from each indicator. We integrated housing data
and scoring criteria (Table 2) and obtained housing scores through multiple rounds of
Delphi, which strives to eliminate bias and subjective gaps in scoring.
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Table 2. Scoring standard based on coding guide (Hwang and Sampson, 2014) [59].

Observation Instrument Item Situation Mark

Changing degree of housing
Total net dwellings

>3 2

1, 2, 3 1

0 −1

Area
increase 1

decrease 0

Signs or structures controlling
traffic

Have 0.5

Do not have 0

Public courtesies
Have 0.5

Do not have 0

Sign discouraging disorder
Have 0.5

Do not have 0

Beautification
Have 0.5

Do not have 0

Finally, after all the collection procedures, we have concluded and labelled all dwellings
in terms of the score that we acquired from the quantitative model. We set an for the new
building and bn for housing data from before. First, Formula (3) is used to show how
a house indicator is calculated, and then the change score for each house needs to be
calculated (Formula (4)). Then, the total value of the five elements and the change score for
each of the five streets is calculated (Formulas (5) and (6)). Finally, divide the total street
score by the number of homes on that street to the average (Formula (7)). After various
data from different streets are obtained, they are compared to find the degree of change for
the TOD. we added them up according to the total score of each street and then divided
them by the number of dwellings on this street to obtain an average score, as well as each
indicator in different streets, to make a comparison.

Ii = an − bn(i = 2, 3, 4, 5)(n = dwelling NO.) (3)

Sd = I1 + I2 + · · ·+ I5 (4)

SS = ∑ Sdn(n = dwelling NO.) (5)

SIi = ∑ Iin(n = dwelling NO.) (6)

µ =
Ss

Ns
(Ns = Sample number o f dwelling on a street) (7)

4. Results
4.1. Findings from the Spatial Analysis Based on the Hedonic Price Model

House attributes including lot size, build size, number of bedrooms, number of
bathrooms, number of parking spaces, distance from CBD, and distance from Footscray
TOD, were selected as independent variables to calculate their impact on the different type
of house prices (descriptive statistics of the property data are shown in Tables 3–5).
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Table 3. Dwellings’ change types.

Category Description

No big changes (score less than 0). The exterior of the building and the surroundings remain the same.

Slight changes (score between 0 and 1).
The exterior of the building has a slight change on one or two of the following four
indicators: signs or structures to do with traffic, public courtesies, signs discouraging
disorder, or beautification.

Big changes (score more than 1).
The exterior of the building has a change in the following four indicators: signs or
structures to do with traffic, public courtesies, signs discouraging disorder, or
beautification; or, there are rebuilt buildings.

Table 4. Descriptive statistics of the apartment property data.

Apartment

No. Mean Min. Max. S.D.

No. bed 40 1.8 1 3 0.54

No. bathroom 40 1.17 1 2 0.38

No. garage 40 1 0 2 0.33

DisToCBD 40 6120 5000 7500 686.42

DisToTOD 40 592 354 1500 303

Land Size 40 2177 62 8694 1983.6

Build size 40 69 44 140 18.37

Apartment Price After 2012 40 469,708 100,000 1,135,000 160,827.5

Apartment Price Before 2012 40 359,706 132,000 705,000 112,741.7

Table 5. Descriptive statistics of the townhouse property data.

Townhouse

No. Mean Min. Max. S.D.

No. bedroom 40 2.7 5 3 0.67

No. bathroom 40 1.72 3 2 0.64

No. garage 40 1.4 2 2 0.55

DisToCBD 40 6991 5100 7600 730

DisToTOD 40 544 86 1250 291

Land Size 40 129 73 272 42.2

Build size 40 145 54 276 52.02

Apartment Price After 2012 40 819,175 328,000 1,411,000 180,770

Apartment Price Before 2012 40 472,071 241,000 627,150 99,098

4.1.1. Different Categories of the Relationship

• Impact of Housing Configuration

Firstly, data provided in Table 6 shows the correlation between housing configurations
(such as the number of bedrooms, bathrooms, and garages) and house prices. By analysing
the p-values for correlation using both the HPM and robust methods, we find that the
number of bedrooms has a significant impact on house prices, followed by the number of
bathrooms, while the impact of the number of garages is relatively smaller. This indicates
that internal housing configurations are important considerations in valuations, especially
the number of bedrooms and bathrooms, which may reflect the market’s high demand for
living comfort.
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Table 6. Results: impacts of house features on seven factors of properties.

House Features

Models HPM Robust Pearson

Before 2012

Apartment

No. bedroom 0.92 0.847 0.414 **

No. bathroom 0.035 * 0.040 * 0.513 **

No. garage 0.382 0.388 0.148

Housing

No. bedroom 0.251 0.312 0.279

No. bathroom 0.162 0.159 0.416 **

No. garage 0.033 * 0.069 0.503 **

Town housing

No. bedroom 0.701 0.489 0.128

No. bathroom 0.242 0.227 0.29

No. garage 0.357 0.246 0.330 *

After 2012

Apartment

No. bedroom 0.14 0.049 * 0.671 **

No. bathroom 0.956 0.971 0.272

No. garage 0.871 0.474 0.169

Housing

No. bedroom 0.064 0.039 * 0.520 **

No. bathroom 0.425 0.347 0.358 *

No. garage 0.247 0.155 0.508 **

Town housing
No. bedroom 0.186 0.06 0.560 **

No. bathroom 0.393 0.49 0.142

No. garage 0.056 0.033 * 0.510 **
Note: (*) signifies a p-value less than or equal to 0.05, (**) indicates a p-value less than or equal to 0.01.

• Impact of Housing Distance

In Table 7, we focus on housing-distance features, such as the distance to the CBD
(Central Business District) and the distance to the TOD. The data shows that the correlation
p-values for the distance to the CBD and TOD undergo significant changes before and
after the construction of the TOD. Notably, properties closer to the TOD increase in value
correlation significantly after the TOD is built, suggesting the potential role of TOD in
enhancing the value of nearby properties. This finding emphasizes the positive impact of
public transportation convenience on property values, especially in areas surrounding TOD.

Additionally, based on the data from all three tables, it is observed that the p-values
for apartments and townhouses, after the construction of a TOD (after 2012), show signif-
icant characteristics with p-values less than 0.01. From the perspective of housing types,
apartments demonstrate a greater correlation with the construction of TODs and proximity
to the TOD centre. This also suggests that apartments tend to appreciate more in value and
witness faster price growth with the increase in TOD infrastructure and the decrease in
distance to available services.

The correlation between distance and CBD did not change much across models, while
the correlation between distance and TOD was negative in Pearson’s model (e.g., −0.29),
which may indicate that properties closer to TODs have higher values, reflecting the positive
impact of public-transport accessibility on property values.
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Table 7. Results: impacts of availability on seven factors of properties.

Availability

Models HPM Robust Pearson

Before 2012

Apartment
Distance To CBD 0.993 0.957 −0.267

Distance To TOD 0.203 0.13 −0.29

Housing
Distance To CBD 0.605 0.764 −0.021

Distance To TOD 0.758 0.676 −0.236

Town housing
Distance To CBD 0.561 0.445 0.122

Distance To TOD 0.014 * 0.003 ** −0.388 *

After 2012

Apartment
Distance To CBD 0.783 0.679 −0.268

Distance To TOD 0.002 ** 0.000 ** −0.276

Housing
Distance To CBD 0.416 0.464 −0.165

Distance To TOD 0.191 0.101 −0.332 *

Town housing
Distance To CBD 0.007 ** 0.000 ** −0.155

Distance To TOD 0.103 0.023 * −0.538 **
Note: (*) signifies a p-value less than or equal to 0.05, (**) indicates a p-value less than or equal to 0.01.

• Impact of Construction Scale

Lastly, Table 8 explores the correlation between the size of the construction (including
land size and building size) and house prices. The results indicate that both land and
building sizes have their correlation with house prices strengthened after the construction of
TODs. This may reflect that larger spaces can provide more possibilities for use and comfort,
thereby increasing the market value of the property. Especially after the construction of
TOD, these areas might become more popular, further amplifying the positive impact of
size on value.

Table 8. Results: impacts of construction scales on seven factors of properties.

Construction Scales

Models HPM Robust Pearson

Before 2012

Apartment
Land Size 0.010 ** 0.007 * 0.383 **

Building Size 0.000 ** 0.000 * 0.662 **

Housing
Land Size 0.825 0.769 −0.085

Building Size 0.533 0.597 0.350 *

Town housing
Land Size 0.861 0.831 −0.082

Building Size 0.164 0.1 0.159

After 2012

Apartment
Land Size 0.866 0.845 0.037

Building Size 0.000 *** 0.000 ** 0.838 **

Housing
Land Size 0.744 0.675 −0.161

Building Size 0.521 0.725 0.447 **

Town housing
Land Size 0.008 *** 0.000 ** −0.276

Building Size 0.115 0.009 ** 0.548 **
Note: (*) signifies a p-value less than or equal to 0.05, (**) indicates a p-value less than or equal to 0.01, and
(***) signifies a p-value less than or equal to 0.001.

4.1.2. GSV Score of Each Street

The above Figure 2 and tables show the overall and average scores that we obtained
from the data collection and analysis. Figure 5 explicitly shows the values of the five indi-
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cators corresponding to each street. Figure 6 is obtained by dividing the total score of each
street by the number of dwellings in that street to obtain the average score of each street
that would be compared with the change equitably happening in each street. According to
Figure 5, we can find that although Ballarat Road has the highest overall score, in Figure 6,
its average score is lower than Hocking Street. It reveals that Ballarat Road has a higher
quantity of updated dwellings or improved environment, while Hocking Street has a higher
quality of the improved environment or greater transformation efforts for dwellings. In
terms of the characteristics of each street, the findings are as below:
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Barkly Street: It has the lowest overall and average scores, with the lowest five indica-
tors among the five streets. The main dwelling type on this street is commercial, and only
two buildings have been rebuilt during the year we investigated.

Pickett Street: It is mainly a residential area with three redevelopment dwellings,
two lots rebuilt from one-storey dwellings to apartments, and the others from single
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dwellings to townhouses. The upgraded buildings are accompanied by beautifications,
and other environmental improvements have also taken place to some extent.

Hocking Street: With the top beautification and dwelling scores, Hocking Street has
the second-highest overall score and the highest average score. The main type of dwelling
on this street is residential. Due to nine built townhouses on vacant lots and one rebuilt
townhouse, the net dwelling number increases dramatically, as well as the increasing
beautification score—in which the land used to be vacant.

Mephan Street: The street has three new developments, with one developed on the
vacant lot and two redevelopment dwellings. The amenity environment goes along with
the new development.

Ballarat Road: the redevelopment combined rebuilt and newly built dwellings on
vacant lots, but the significantly developed building is a four-story apartment building
near the intersection of the arterial road: Ballarat Street and Gordon Street.

5. Discussion
5.1. The Effect of TOD on House Price

The finding of the hedonic price model shows that the construction of TOD has an
impact on the prices of different types of housing and may unconsciously influence the
surrounding affordable house price (residential displacement indicators). In most of the
current academic studies, it is stated that the closer the house is to the TOD, the higher the
economic value will be. As pointed out by Yuer Chen. et al.’s [56] and Sim. et al.’s [55]
studies, the distance from the TOD is negatively correlated with the price of the house. In
the finding of the hedonic price model of this study, a similar conclusion was obtained that
distance from the TOD is one of the important factors affecting the prices of apartments
and houses in Footscray after the completion of the TOD. Distance from a TOD is also
negatively related to different types of house prices in Footscray.

However, by comparing the results of the hedonic price model for the three types
of houses, it was found that apartments are the housing type most likely to be affected
by TOD construction. More importantly, the apartment is one of the affordable types
of housing.

Although the authors [66,68] set different policies to support medium-density develop-
ment and apartment development, the prices of apartments close to the TOD are still much
higher than the prices of apartments away from the TOD currently. According to Alfred
Marshal [69], the principle of the supply and demand theory of Economics, the higher
prices of apartments close to the TOD may be due to the low supply of apartments close
to the TOD or the higher demand for apartments near the TOD. However, in general, the
distance to the TOD does become an attribute that affects apartment prices. This attribute,
in concert with the improvement of public services around apartments, the rise in the
number of people settling in Footscray, and other factors, indirectly leads to a decrease in
the affordability level of apartments near the TOD and an increase in rents, thus affecting
displacement indicators [53] and potentially leading to residential displacement.

TOD does have the potential to be one of the factors driving the redevelopment of the
surrounding houses and the improvement of the surrounding infrastructure. Combining
the findings of the two approaches representing two different dimensions(Figure 7), they
both demonstrate that TOD has the potential to drive the redevelopment of surrounding
housing. As the finding of the spatial analysis based on the hedonic price model shows
that the closer the house is to the TOD, the higher the price, at the economic level, it would
be more profitable to redevelop the low-density houses that are close to the TOD into
high-density ones. Furthermore, the findings of the observation-based spatial analysis
indicate that a significant amount of townhouse redevelopment is located on Hocking
Street, one of the streets close to the TOD. However, the type of housing that the developer
chose to redevelop in Hocking Street is not apartments but townhouses, which indicates
that it is possible that the developer’s redevelopment near the TOD is aimed at the middle-
and high-income groups. However, this also elaborates on the potential for generating
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residential displacement. Due to the high economic returns of redevelopment around
TOD, developers do not redevelop affordable housing types, choosing instead to build
townhouses for middle- and high-income groups, in which case there is a significant risk of
residential displacement despite the increased housing density around the TOD.

Buildings 2024, 14, x FOR PEER REVIEW  20  of  25 
 

 

Figure 7. Separated indicators of each street and the total score of change options for people with 

low incomes [70], who are more likely to experience residential displacement. 

5.2. The Effect of TOD on Displacement 

During the street-view research, we wanted to use the indicators related to displace-

ment for judging whether displacement would happen in the circle of the TOD’s effective 

services. In former research, generally, the infrastructure and environment improvement 

should have occurred in the inner circle due to the TOD bringing benefits for these areas 

[71]. 

It can be easily seen that the highest average score is in Hocking Street, and the sec-

ond one is in Ballarat Street. These indicators do not reflect that of the general or regular 

areas. As the indicator relevant to the displacement phenomenon, we still need the price 

data to combine this with,  in order to check that these increasing indicators are able to 

represent displacement within the TOD range. Choosing 36–40 Hocking Street as an ex-

ample, the housing price increased and there was an obvious redevelopment and submis-

sion  in 2004, but meanwhile, a  redeveloped site with  increasing  indicators also can be 

found at Ballarat Road, which is far away from the TOD station. Thus, from our findings, 

these increasing indicators could present and describe the displacement to some extent 

Figure 7. Separated indicators of each street and the total score of change options for people with low
incomes [70], who are more likely to experience residential displacement.

5.2. The Effect of TOD on Displacement

During the street-view research, we wanted to use the indicators related to displace-
ment for judging whether displacement would happen in the circle of the TOD’s effective
services. In former research, generally, the infrastructure and environment improvement
should have occurred in the inner circle due to the TOD bringing benefits for these areas [71].

It can be easily seen that the highest average score is in Hocking Street, and the second
one is in Ballarat Street. These indicators do not reflect that of the general or regular areas.
As the indicator relevant to the displacement phenomenon, we still need the price data to
combine this with, in order to check that these increasing indicators are able to represent
displacement within the TOD range. Choosing 36–40 Hocking Street as an example, the
housing price increased and there was an obvious redevelopment and submission in
2004, but meanwhile, a redeveloped site with increasing indicators also can be found at



Buildings 2024, 14, 824 20 of 24

Ballarat Road, which is far away from the TOD station. Thus, from our findings, these
increasing indicators could present and describe the displacement to some extent and
describe the displacement level but cannot highlight the clear relationship between TOD
and displacement from spatial distribution.

Comparing the main indicators of improvement of the environment, then, we found
that the group which is outside of the TOD service circle receives a higher average score
than the inside of the TOD in beautification, public courtesies, and signs.

Moreover, we found more details using Google Maps; the indicator of total net
dwellings shows higher scores in the large site in almost all streets, which mainly contain
four types of development: commercial development, housing, public services, and apart-
ments. Following [68] and the transit city plan, the TOD policy started to be operated,
encouraging medium-density development close to transport stations. However, it can be
seen from data that most developments of apartments are on Ballarat Road rather than
the streets within the TOD-radiation distance. Although this reflects the low income of
consumers who have immigrated from near the TOD to far away from TOD circles due to
the supply of the affordable product, implicating the socioeconomic segregation to some
extent [72], it still cannot be shown using a simple TOD-theory model.

The complicated factors existing in a real TOD city cannot abstract the TOD station as
the single affected factor. Ballarat Road has a higher score, though it is far away from the
TOD station and its policy, mainly because of the well-equipped infrastructure. Musterd,
Marcińczak, van Ham, and Tammaru [73] state that social welfare and infrastructure can
also have an impact on social justice and reflect on spatial distribution. Also, the Hospital
and education source in Mephan and Ballarat, and the commercial complexes, can be
regarded as a positive exterior, which also increases the land value and pushes the land
development [74]. These indicators are influenced by diverse dimension overlays; thus,
they are not reflecting the general regularity of the TOD theory.

Although the construction of a TOD has a driving effect on the redevelopment of the
surrounding houses, there are many other external factors that will drive the redevelop-
ment of the houses in the area. Combining the findings of the two methods representing
two different dimensions, a new phenomenon was found in Footscray. As the finding of
the spatial analysis based on the hedonic price model shows, apartment prices are most
likely to be influenced by the distance between the apartment and the TOD. However, the
finding of the observation-based spatial analysis shows that although Ballarat Street is far
from the TOD, there are still a large number of apartment redevelopment projects on this
street. In terms of economic benefits, the proximity of Ballarat Streets to the TOD is not
a positive motivation for developers to redevelop apartments in Ballarat. However, the
Footscray phenomenon demonstrates that, in addition to the external factor of TOD con-
struction, there are many factors that may influence the amount of housing redevelopments
(residential-displacement indicators), such as the improvement of public infrastructure
around Ballarat Street and the existing well-developed transportation within this area,
which are factors that may drive investors to redevelop. So, while TOD is likely to drive
the redevelopment of surrounding houses, there are a number of factors that can drive the
amount of housing redevelopment in an area in reality. However, in the reality of Footscray,
apartment redevelopment is concentrated on in streets far from the TOD, which creates a
lack of affordable housing within the TOD area, and may indirectly drive the occurrence of
residential displacement in Footscray.

6. Conclusions

The case study of Footscray demonstrates that displacement is a temporal and spatial
phenomenon influenced by TOD. The HPM model reveals that house prices increase as
TOD distance decreases, with apartments being the most affected. However, our methods
cannot separately measure the unconscious negative impact of TOD on displacement.
Google Street View analysis shows that displacement factors are complex, making TOD
one of the compounded influences. This research supports future housing and transport
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policies to counteract TOD’s unintended effects and reduce displacement, achieving social
justice while promoting high-density residential development near TOD areas, ensuring
affordable housing provision, which is crucial for social equity [28].

Additionally, measures should be taken to mitigate land-value appreciation’s adverse
effects, especially for vulnerable communities. Our research highlights the importance
of urban-development policies that prioritize social equity and inclusivity. TOD offers
opportunities for sustainable growth, but addressing its unintended consequences requires
nuanced policy interventions. Despite limitations like the subjectivity of manual scoring
and the incomplete consideration of factors influencing house prices in the HPM formula,
our study provides valuable insights into urban planning and policy debates. Further
research is needed to clarify the relationship between TOD and displacement more clearly.
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