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Climate change generates multiple negative impacts for cities, such as the urban
heat island effect. Social stresses, including social disadvantage and housing
unaffordability, compound the poor living conditions of urban residents and
make our cities less resilient. This paper considers a climate event (urban heat)
and social stresses (housing affordability and urban disadvantage) to explore
urban resilience in Sydney. We draw on a framework for building urban climate
resilience, incorporating facets of urban resilience, social stresses that amplify
crises, and solutions that strengthen individuals and communities with coping
abilities to withstand climate events. The study diverges from aggregate city-level
analyses that hide small-area differences in climate impacts and vulnerability.
The findings reveal the spatiality of these natural and social impacts, identifying
11 critical areas in Sydney impacted by the highest levels of urban heat and
urban disadvantage, and two critical areas impacted by the highest levels
of urban heat and housing unaffordability. We highlight the importance of
context-based approaches and place-based policies to address climate risks and
social vulnerabilities on the path toward creating more resilient cities.

KEYWORDS

urban resilience, urban heat, urban disadvantage, housing affordability, Sydney, spatial
analysis, place-based policy

1 Introduction

Cities attract economic agglomeration and population growth, building on the benefits
of density, proximity, and connectivity (Burdett, 2022), and the world is increasingly
becoming urbanized as an estimated 1.4 million move into urban areas every week (World
Bank, 2019). Cities utilize 78% of the world’s energy and are responsible for the production
of more than 60% of greenhouse gas emissions (United Nations, n.d.). Whilst urban
areas account for 2% of the earth’s surface, they are home to more than 50% of its
total population. The latter accounted for only 13% in 1900 and is estimated to rise to
68% by 2050 (UN-Habitat, 2020). Urban areas are more resource-efficient, requiring less
land and infrastructure to be sustainable. However, they generate a nucleus of additional
challenges toward climate resilience, such as diminished biodiversity, air quality and flood
resilience, increased air temperatures resulting from the urban heat island effect and even
poorer physical and mental health resulting from the lack of access to nature (Piracha and
Chaudhary, 2022).
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The climate crisis, exemplified by the recent intensification
of natural disasters including floods, bushfires, and storms, as
well as other climatic events like heatwaves and rapidly rising
sea levels, poses a profound existential threat to our cities and
future generations. For instance, recent floods in Pakistani cities,
Florida in the US, Victoria and New South Wales in Australia,
and unprecedented fires on the NSW South Coast have led to
a loss of human lives and inflicted substantial damage to urban
infrastructure. The research evidence shows that time is running
out to bend the curve of greenhouse gas emissions and prevent
catastrophic global warming. One in 25 Australian properties will
be effectively uninsurable by 2030, due to rising risks of extreme
weather and climate change (Climate Council, 2022). In the US,
more than 15% of properties in Massachusetts are at risk of flooding
over the next 30 years. Boston, with the highest number of flood-
prone properties, will see a 45% increase in flood risk by 2050 (Lyle
and Kriesberg, 2022).

Not only are climatic hazards (flooding, heat, and drought)
expected to pose an increasing threat to citizens and livelihoods, but
cities’ vulnerability is also being exacerbated by the social stresses
that pose increasing challenges to cities worldwide. For instance,
communities worldwide concurrently endure intense social stresses
due to unaffordable housing (Australian Institute of Health and
Welfare, 2023) and social disadvantage, affecting livability and
equity in cities and urban regions, and impacting their ability
to cope or adapt to climate disasters. City governments find
themselves unable to provide basic services and manage risks from
acute shocks and chronic stresses, leading to poor living conditions
and increased crime and violence in urban areas (Byrne, 2017).

Urban resilience has taken center stage amid these great
challenges. However, policy discourse and media coverage have
focused predominantly on natural disasters and community
resilience, particularly the resilience of infrastructure systems
(Krausmann et al., 2019; Infrastructure Australia, 2021). This
is because (1) investing in resilient infrastructure is considered
critical for economic survival (OECD, 2017; Hallegatte et al., 2019),
(2) governments have a traditional and convenient instrument
in infrastructure funding (Aarhaug and Gundersen, 2017;
OECD, 2021), and (3) the political popularity of infrastructure
investments' (Gupta et al., 2015; McArthur, 2017). The World
Bank (2022) highlights that less attention has been given to
resilient housing, albeit housing has become even more important
since the onset of the COVID-19 pandemic as we live, learn,
work, and spend more time in our homes. Some cities have
observed the critical need for better housing and increasingly
consider housing affordability as a key pillar of housing resilience
(NSW  Government, 2023). Moreover, the interplay between
social disadvantage and urban resilience is also pertinent to
achieving effective resilience outcomes. For example, Coaffee
et al. (2018) put emphasis on addressing vulnerabilities such as
urban disadvantage that amplify crises and erode coping abilities.
Individuals experiencing extreme poverty and those disadvantaged

1 Infrastructure is a visible and tangible investment compared to other
investments, and during elections, political parties and politicians frequently
commit to building new infrastructure. The resilience discourse is skewed

towards infrastructure (compared to social and housing resilience).
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residing in disaster-prone urban areas become increasingly
vulnerable due to their limited means to cope with or adapt to
such calamities.

Climate change generates multiple negative impacts for cities,
such as the urban heat island effect. Social stresses, including
housing unaffordability and social disadvantage, then compound
the poor living conditions of urban residents and make our
cities less resilient (Boschetti et al., 2017). However, the previous
analyses ignore the spatial variability of these processes and the
spatial relationships between these indicators from an empirical
viewpoint. An aggregate city-level analysis may hide small-area
differences in climate impacts and vulnerabilities (Hauer et al.,
2016; Gasparrini et al, 2022) and a city-level policy may also
respond to small-area level climate events and social vulnerabilities
differently. We examine whether the small areas? subjected to
disruptive climate events also experience social vulnerabilities. In
so doing, this paper combines three indicators measuring climate
events and social stresses to explore urban resilience in Sydney.
Our findings shed light on the importance of the “spatiality” of
these natural and social impacts by identifying 11 critical areas in
Sydney impacted by the highest levels of urban heat and urban
disadvantage, and two critical areas impacted by the highest levels
of urban heat and housing unaffordability.

These findings have at least two policy implications. First, the
overlapping of climate events and social vulnerabilities indicates the
current siloed approach to urban resilience is ineffective. In other
words, rather than implementing standalone measures to mitigate
climate risks, urban disadvantage and housing unaffordability,
integrated solutions that strengthen resilience are required. For
instance, social protection programs for the disadvantaged should
provide disaster-resilient housing. Second, the accentuation of
small-area differences in climate events and social vulnerabilities
underscores the utility of “place-based” strategies,® advocating for
the initiation of urban resilience policies and programs in disaster-
prone, low-income areas, to prioritize urgent interventions and
cultivate the development of more resilient cities.

The next section sets the scene by providing a background
to urban resilience and urban resilience frameworks. Section 3
discusses urban heat as a climate event and housing unaffordability
and urban disadvantage as social stresses that erode the coping
abilities of city dwellers. Section 4 presents the methodology,
a pragmatic framework for building urban climate resilience
considering the interconnections between climate events and
social stresses. This section also introduces the study area and
data measuring urban heat, housing affordability and urban
disadvantage. The key patterns and overlaps are examined in
Section 5, alongside illustrative maps showing the geographies of
urban heat, housing unaffordability and urban disadvantage in

2 Small areas are defined here as geographical units that carry inherent
socially, geographically, economically, or physically identifiable qualities—
e.g., Statistical Area Level 2 (SA2) in Australia which has an average of about
10,000 people.

3 Place-based approaches target the specific circumstances of a place and
use the best available resources to gain local knowledge and insight into

planning (Victorian Government, 2020).
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Sydney. Section 6 concludes the paper with a discussion of key
findings and implications.

2 Urban resilience: definitions and
frameworks

2.1 Definitions of resilience

Urban resilience is a contested concept (Meerow et al., 2016).
According to the World Bank Group (2016), urban resilience is
“the ability of a system, entity, community, or person to adapt to
a variety of changing conditions and to withstand shocks while still
maintaining its essential functions” (p. 12). Similarly, Douglas and
Philip (2015, p. 10) define resilience as “the capacity of a system
(a city) to deal with changes and continue to develop,” further
complementing that “resilience thinking is based on the belief that
humans and nature are strongly coupled and should be conceived
as one socio-ecological system.” Whether small or a large complex
entity, resistance is associated with a coordinated “system” that is
responsive and adaptive to changing circumstances.

Chandler (2014) explains that the view of resilience as a
system, or as process-based, relates to a change to the classical
interpretation, in which resilience refers to internalized individual
abilities to resist and bounce back and regain balance after
conditions of stress. Contemporary or post-classical resilience
thinking is based on the idea that resilience depends not only
on individual internal qualities but on conditions that promote
constructive inter-relationships between individuals, communities,
and the environment. As such, resilience is a systemic responsive
process between internal and external factors. That is why
some scholars considered an ecological perspective to explain
resilience (Cadenasso and Pickett, 2012). Likewise, from an urban
planning perspective, Newman et al. (2017) claim that viewing
cities as an urban ecology, rather than separating their different
social, economic, environmental, structural, and other elements,
is fundamental for resilience. Urban ecology is based on the
understanding of cities through the interaction of all living
organisms (human and non-human), the environment they live
in and the effect of these interactions on energy requirements,
information, and other processes (Newman et al., 2017).

Also important to the post-classical interpretation of resilience
is that of an evolutionary process. As such, resilience implies not
only bouncing back to regain balance, as previously understood,
but it is about bouncing forward and evolving from the process
of responsiveness and recreation (Newman et al., 2017). Chandler
(2014) remarks that such transitional or metamorphic conditions
are fundamentally dependent on attributes of self-reflection and
adaptability to make the most of change or crisis (or even failure),
as well as creativity, flexibility, innovation, and responsive qualities
of a system.

The analytical framework employed in this study (see Section
4.1) builds on the definitions that explain resilience as the
capability to adapt and withstand shocks. It also aligns with
the ecological perspective that identifies resilience as a system
also including the environment, and the evolutionary viewpoint
that entails the significance of being future-ready on the path
to resilience. The former is relevant here as we contend climate
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events and social conditions are part of a broader resilient
system. The latter perspective is forward-looking in emphasizing
the importance of addressing vulnerabilities and strengthening
individuals and communities with coping abilities in the process
of building resilience.

2.2 Resilience frameworks

Before developing a framework to understand different facets of
urban resilience, social stresses that amplify crises and erode coping
abilities, and solutions that strengthen systems in Section 4.1, we
review some of the existing frameworks below.

The issue of resilience is emphasized on the strength of the
system being built in the five dimensions natural, economic,
social, physical and institutional (Ostadtaghizadeh et al., 2015). The
“physical” represents resilience in infrastructure, “natural” denotes
ecological and environmental resilience, “economic” includes
the development of economies and societies, “institutional”
encompasses governance and mitigation policies, and “social”
represents resilience of people and communities (Ribeiro and Pena
Jardim Gongalves, 2019). Some of the previous evaluations can be
framed in more than one dimension or even all the five dimensions.
The analysis of the literature by Ribeiro and Pena Jardim Gongalves
(2019) suggests a strong link between the institutional and social.
This shows the importance of strategic and leadership structure
due to the role of local authorities as the main stakeholders, and
essential leadership to guide government capacities for resilience
in cities.

Developing resilience requires understanding and assessing
urban resilience-building measures. The essential elements of
such a framework should include building awareness, coping,
adaptation, and transformation (Fedele et al., 2019; World Bank,
2019):

e Building awareness by the public and private institutions as to
the importance of resilience and what it takes to be resilient.

e Coping—understand the need to simply manage the
difficulties when there are stresses.

e Adaptation—understand the measures to adapt to the new
threats and the chronic stresses.

e Transformation—transformative impact when the city is so
evolved and robust in its response to shocks and stresses that
it can continue without any harm in the future.

As a system, urban resilience is not only about addressing
the need for cities or of cities to withstand shocks and stress,
but also about the ability of people, households, communities,
and institutions to prepare for such shocks and stresses. This
ability is gained through the sources of resilience (i.e., resilience
capacities) that enable secure and improved wellbeing outcomes.
The resilience capacities can be categorized into three groupings
that reflect different dimensions of resilience (Vaughan, 2018, p. 3.):

e Absorptive resilience capacities—The ability to minimize

exposure and sensitivity to shocks and stresses through
preventative measures and appropriate coping strategies to
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avoid permanent, negative impacts. For example, disaster risk
reduction, financial services, and health insurance.

e Adaptive resilience capacities—The ability to make informed
choices and changes in livelihood and other strategies in
response to longer-term social, economic, and environmental

change. For example, income diversification, market
information and trade networks.
e Transformative resilience capacities—The governance

mechanisms, policies and regulations, cultural and gender
norms, community networks, and formal and informal
social protection mechanisms that constitute the enabling
environment for systemic change. For example, infrastructure,
good governance, and formal safety nets.

These capacities need to be approached in line with different
characteristics of resilience. The Rockefeller Foundation (2013)
identifies seven characteristics that various city systems need in
order to implement resilience; that is, be: reflective, resourceful,
inclusive, integrated, robust, redundant and flexible. These
characteristics condition the four dimensions of a city’s framework
toward resilience. That is, the dimensions of leadership and
governance strategies, health and wellbeing, economy and society,
and infrastructure and environment, must strive to be reflective,
resourceful, inclusive, and so on. The Rockefeller Foundation’s
framework has been widely referred to as a functional approach to
encourage authorities to rethink their cities’ planning and design
strategies toward resilience. It also gave origin to the more recent
Resilient Cities Network (RCN) when the Foundation’s program
closed in 2019. The RCN continues to adopt the original framework
to approach urban resilience. Section 4.1 will elaborate on urban
disadvantage and housing unaffordability, which undermine the
above four dimensions of a resilient city, and call for action to
strengthen social conditions in the path to resilience.

3 Urban climate crisis and social
stresses: state of play

The United Nations Environment Program (UNEP, 2023)
indicates that cities are both highly affected as well as a significant
contributors to climate change. The effect and damage that climate
change causes on cities have major economic and social effects,
given that they comprise a high concentration of population and
resource use. At the same time, urban activities are responsible for
75% of global CO; emissions (UNEP, 2023). This was stated over
a decade earlier by the Organization for Economic Co-operation
and Development (OECD, 2010). However, to date, there have not
been enough improvements to the conditions of cities as both a
source of environmental impact and a recipient of economic and
social costs associated with the climate crisis. Thus, cities continue
to be the focus of attention to finding urgent solutions to the
climate crisis.

3.1 Urban heat as a climate event

One of the critical effects of climate change in cities is the
urban heat or urban heat island (UHI) effect. Leal Filho et al. (2018,
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p- 1,140) explain that “the urban heat island (UHI) effect can be
defined as higher temperatures within urban areas compared to
their surroundings.” Studies show that UHI is the result of urban
growth, resulting in an increase in hard surface coverage with
heat-absorbing materials, as well as heat production from human
activities (Rizwan et al., 2008). There are many effects of UHI,
impacting comfort, health, energy consumption and air and water
quality, although particularly affecting human health and wellbeing
(Gartland, 2008; Buchin et al., 2016). Paolini and Santamouris
(2023) highlight the reality that the increase in urban heat intensity
can exceed an alarming five degrees Celsius, especially in summer
months, and severely impact energy demand, the concentration
of harmful pollutants and rising levels of heat-related mortality
and morbidity.

The C40 Cities Climate Leadership Group indicates that urban
heat has a greater impact on certain sectors of the population,
including those at socio-economic disadvantage, due to poor
conditions of housing in urban areas, and lesser capacity to adapt
and respond to critical climatic events. Leal Filho et al. (2018)
explain that “a system is vulnerable if it is susceptible to the negative
effects of climatic changes and unable to cope with them” (p. 1,141).
They assert that there is an ever-increasing vulnerability of cities to
the UHI effect, requiring urgent action to improve the resilience
of urban areas. Approaching the resilience of vulnerable urban
areas to the UHI effect involves first understanding where these
areas are, by measuring UHI and mapping its relation to areas
of greater vulnerability, of relevance here, housing unaffordability
and socio-economic disadvantage, and how this should inform an
urban resilience framework.

3.2 Urban disadvantage as a social stressor

Critical social stresses in specific urban areas may
depend on the local context. In the state of NSW and
the city of Sydney, in addition to climate change, other
chronic stresses include lack of affordable housing, transport
congestion, high unemployment and economic downturn
(Department of Planning, Industry and Environment, 2021).
The latter two could be collectively labeled as “disadvantage.”
Therefore, we focus on urban disadvantage and housing
unaffordability as the critical social stresses impacting resilience
in Sydney.

As a social stressor, urban disadvantage refers to the
situation of people in possession of relatively low material
prosperity in urban areas (Randolph and Holloway, 2005).
A lack of material resources may impact social participation
opportunities and life outcomes. When a person lives in
disadvantage, there is a chance that the person will be
socially excluded as well. A “disadvantaged area” can be
conceptualized in at least three different ways (Pawson
and Herath, 2015): a place with a spatial concentration of
“disadvantaged persons’—i.e., people experiencing poverty or
deprivation; a place that inherently disadvantages its residents—
e.g., due to limited access to employment, amenities, and

government services; or a locality affected by high rates of social
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e social resilience
© housing resilience

e transportation
resilience

Facets of urban
resilience

e inequality and disadvantage
® poor housing

e ageing infrastructure

e environmental degradation

Social stresses that
amplify crises and
erode coping

abilities

developments

Solutions that
strengthen systems

« provide green infrastructure, increase tree shading, reduce hard surfaces in new

« facilitate private sector affordable housing, build more social and public housing
« introduce targeted social welfare programs, improve employability

FIGURE 1

A framework for building urban climate resilience. Source: Author's own work based on Tyler and Moench (2012) and Coaffee et al. (2018).

dysfunction—e.g., because of domestic violence, vandalism, and
substance abuse.

The causations from susceptibility argue that if multiple
demographic groups were exposed to the same climate cataclysm,
the disadvantaged would suffer worse. Disadvantaged groups are
less likely to have the means to change behaviors to decrease
exposure. Climate events also tend to ripple into economic markets
where the price of resources such as food or petrol increases, and
disadvantaged groups cannot afford inflation. By nature of their
status, disadvantaged groups often have less access to the resources
required to recover from climate-caused tragedies. This slower
rate of recovery exacerbates their “exposure” and “susceptibility,’
leaving them trapped within the vulnerability cycle. There is
considerable research showing that these groups are slower to
recover from climate impacts than advantaged ones (Hallegatte
etal., 2020). These studies point to a lack of resources (either private
or public) as the leading aggravator to their adaptive recovery.

3.3 Housing unaffordability as a social
stressor

Housing affordability is the relationship between housing
expenditure (i.e, house price, mortgage payment, or rent)
and household income. Housing unaffordability and housing
stress are used interchangeably within the housing discourse
to represent lower-income households that spend more than
30% of their gross income on housing costs (Parliament of
Australia, 2016). Based on a more technical definition, housing
stress occurs when households with the lowest 40% of income
spend more than 30% of gross household income on housing
costs (Australian Institute of Health and Welfare, 2021). Housing

Frontiersin Sustainable Cities 05

affordability can be looked at from a few different angles:
housing purchase affordability (e.g., price to income ratio or PIR),
housing ownership affordability (e.g., mortgage to income ratio),
and rental affordability (e.g., rent to income ratio). There are
other less-known indicators such as housing deposit affordability
as well.

Housing affordability has become a critical issue in Australia,
affecting urban productivity and social wellbeing, and The Urban
Reform Institue (2022) ranked Sydney as the world’s second most
unaffordable housing market. Once the climate crisis deepens,
the failure to provide secure and affordable housing will put
the most vulnerable in our community at risk. For instance,
exorbitant housing costs have resulted in families living in
marginal forms of housing such as improvised dwellings, boarding
houses, other temporary lodgings (e.g., caravan parks), supported
accommodation for homeless people, crowded dwellings or staying
temporarily with other households (Mallinson, 2019). These
populations will lack the capacity and resources to respond to
potential climate events. The housing and climate crises converge,
especially in communities that have been denied equitable access to
housing and economic opportunity.

4 Methodology, the setting, and data

4.1 A framework for building urban climate
resilience

As discussed in Section 3, building awareness is needed for
coping, adaptation, and transformation toward more resilient
cities. Understanding housing affordability and socio-economic
conditions helps assess the ability to minimize exposure and
sensitivity to shocks and stresses and avoid permanent, negative
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impacts (i.e., absorptive resilient capacities). We investigate urban
heat from this perspective, identifying the important facets of urban
resilience and considering the most significant social stresses in
Sydney namely urban disadvantage and housing unaffordability
(see Figure 1). This enables policymakers to reflect on the
interconnectedness of these different aspects from a resilience
perspective. Strengthening urban systems enables improving the
wellbeing and coping capabilities of residents as conditions change
and new climate threats emerge (Tyler and Moench, 2012).

This framework has practical relevance due to the increasing
awareness that cities could play an essential part in guiding global
urban adaptation thinking going forward, as cities have a long-
standing tradition of adaptation. Cities are also known for their
context-based approaches, embracing their geographical context,
and accordingly dealing with their unique climate change effects
and challenges (Swart et al., 2023). The nature of cities depends
on aspects such as climate zones (EEA, 2020), and their landscape
system (Timmermans et al., 2015). Socio-economic, cultural, and
regulatory characteristics then determine their vulnerability. The
geographical and socio-economic context of each city thus relates
to unique climate change effects and therefore their approach to
climate adaptation should be mostly context-specific (Swart et al.,
2023). Climate resilience, on the urban scale, thus also implies a
multi-disciplinary preparedness of the city where social, economic,
and physical infrastructure culminates into a unified framework
(Gunderson and Holling, 2002).

Previous studies evaluate the dimension of vulnerability to
UHI, based on parameters of exposure, sensitivity, and adaptive
capacity (Loughnan et al., 2013; Wolf and McGregor, 2013; Sabrin
etal,, 2020). However, there are many variables to this equation, and
studies often take a narrower approach dismissing some of these
three dimensions or interconnected elements and often focusing
on short-term initiatives that are not intrinsic to urban planning
and design policies. Leal Filho et al. (2018) suggest the need
for short-term incentives and long-term strategies to tackle UHI
vulnerability, and that its mapping and assessment can contribute
to the more effective application of different intervention options,
and their normalization in the development of resilient cities. The
present study maps and assesses the two most significant social
stresses in Sydney to contribute toward a more effective place-based
application of different interventions.

4.2 The setting

The case study area is Greater Sydney (hereafter, Sydney),
the largest and most populous Australian city with more than
five million residents. Located on Australia’s east coast, Sydney
is considered Australia’s commercial capital with a vibrant
financial and economic center in the CBD. A renowned “world
city,” Sydney contributes more than a third of Australia’s total
GDP (City of Sydney, 2018). Sydney draws on the benefits of
density, proximity, and connectivity, and has become a productive
economic agglomeration. Alongside these positive connotations,
Sydney is also experiencing high population growth, exorbitant
house prices and polarizing urban disadvantage.

The state of New South Wales (NSW) and Sydney City
Council participate in some initiatives to build a resilient city. For
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instance, Sydney is part of the resilience cities network and has
adopted a city-wide resilience strategy for the whole of Greater
Sydney since 2018. There were three phases to the development
of the strategy, including an assessment of resilience through the
application of the framework, the development of the strategy,
and its implementation. The strategy is structured around five
directions: people-centered, living with our climate, connecting
for strength, getting ready, and one city. Urban heat is a flagship
action of living with our climate direction, focusing on adaptive
technology, green infrastructure, and a collaborative approach
to improve health, safety, and comfort (City of Sydney, 2018).
The provision of affordable housing is an integral element of
people-centered direction, together with transport, education, and
employment opportunities. While extreme heat was recognized
as Sydney’s “biggest risk” (an acute shock), affordable housing
was then recognized as a factor needing urgent attention in an
expanding Sydney (a chronic stress). Nonetheless, we emphasize
that both are intrinsically related and seldom approached together.

The chosen unit of analysis is Statistical Area Level 2 (SA2)
which has a population between 3,000 and 25,000 with an average
of about 10,000 people. SA2s enable the mapping of local-
level geographies of urban heat, housing affordability and urban
disadvantage. SA2 is designed as a “general-purpose medium-sized
area ... to represent a community that interacts together socially
and economically” (Australian Bureau of Statistics, 2016), and it is
closely synonymous with the “Australian suburb” with an intrinsic
familiarity and meaning to residents and policymakers. The spatial
analysis of SA2-level fine-grained information allows us to generate
context-specific knowledge about the climate events and social
stresses in Sydney.

4.3 Data measuring urban heat, housing
affordability and urban disadvantage

We rely on a pragmatic yet meaningful indicator to
measure urban heat. Australian Gridded Climate Data
(AGCD) is the Bureau of Meteorology’s official dataset for
climate analyses covering the variable of air temperature
(maximum and minimum), among others. The dataset provides
consistent temporal and spatial analyses across Australia
for this observed data variable. At the monthly scale, the
mean monthly maximum temperature map is calculated as
monthly means from the daily station maximum observations
for the month, which are subsequently analyzed to a grid.
The annual grids are calculated from the average of the
corresponding monthly grids in a year. The mean annual
maximum temperature of the closest grid point in 2016
(obtained via raster-to-point conversion) was assigned to
each SA2.

In Australia, a ready-made metric is not available to measure
housing affordability at the small-area level. Therefore, we
developed a census-based indicator of housing affordability for
localities in Australia. Specifically, housing purchase affordability
was considered, and the price to income ratio (PIR)—the
ratio of median household income to average median house
price—was computed for 2016. The median household income
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data for Sydney were sourced from the ABS 2016 Census (via
Census DataPacks) at the SA2 level. Average median house
prices at the SA2 level were obtained from the Australian
Urban Research Infrastructure Network (AURIN) as provided
by Australian Property Monitors (APM). Note, the specific
PIR used is not a median multiple as the annual average
of monthly median prices was used to represent median
house prices. Only detached house prices were used for
the analysis as prices of different dwelling types could vary
considerably.*

Urban disadvantage was incorporated into the analysis
using a people-based approach (see Section 3.2). A widely
used metric measuring “people-based social disadvantage” is
the ABS census-based index of deprivation known as the
Socio-Economic Indicator for Areas (SEIFA). SEIFA contains a
suit of indicators measuring different aspects of disadvantage,
including the Index of Relative Socio-Economic Disadvantage
(IRSD)®> which is the appropriate indicator for identifying
the most disadvantaged SA2s. IRSD is calculated using 16
census variables, including income, unemployment, education

4 We opted to use detached houses as units/apartments are only prevalent

in city centers and near transit-oriented developments (TODs).

10.3389/frsc.2024.1244187

level, etc. This index ranks areas in Australia according to
relative socio-economic disadvantage and is commonly used to
determine areas that require funding and services, identify new
business opportunities, and to research into the relationship
between socio-economic disadvantage and various health and
educational outcomes. Given our interest in exploring intracity
patterns of disadvantage, the lowest quintiles of SEIFA values
(thus, most disadvantaged) were computed for the Greater
Sydney area.

5 Findings

5.1 The spatial patterns of urban heat,
disadvantage and housing unaffordability

The quintile classification organizes the Sydney SA2s into five
equal groups, considering the value for each indicator in each SA2.
The lowest quintile represents the lowest fifth of the data (20%),
the second quintile represents the next fifth (21-40%), etc. In the

5 Other indices are the Index of Relative Socio-Economic Advantage and
Disadvantage (IRSAD), Index of Education and Occupation (IEO), and Index

of Economic Resources (IER).
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FIGURE 2

Mean maximum temperature (annual) quintiles, Sydney SA2s, 2016. Source: Author’'s own work.
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context of this analysis, it provides data classes at the extremes—
lowest and highest quintiles—allowing us to identify the most
affected local areas (hotspots and coldspots). Each group (or class)
can also be equally represented on the maps. Overall, quintiles
are useful to understand and visualize how the climate event in
focus (urban heat) and the social stresses (urban disadvantage
and housing unaffordability) are distributed across Sydney. The
quintiles of interest here are the two highest quintiles of mean
maximum temperature, the two lowest quintiles of SEIFA IRSD
(measuring highest disadvantage), and the two highest quintiles of
PIR (measuring highest housing unaffordability).

There are 324 SA2s in Sydney although only 306 of them are
included in the analysis. This is because some SA2s do not receive
a SEIFA IRSD score due to their low populations and some SA2s
have not recorded a monthly median price in the AURIN dataset
due to <10 transactions over a month.

The most heat affected SA2s stretch from northwest to
southwest of Sydney and include several middle and outer western
Sydney areas (see Figure 2). Some key town centers of Sydney
such as Penrith, Liverpool, and Campbelltown lie within or
adjacent to this high-temperature zone. This is consistent with the
media reporting on the issue—for instance, it was reported that
some areas such as Penrith reached temperatures above 50°C in
January 2020 (Thompson, 2020). The highest quintile of mean
maximum temperature represents a higher population proportion
(19.3%) compared to the lowest temperature quintile (16.7%)—
see Table 1. The fact that higher temperatures affect more people
is particularly problematic. The desired low temperature areas
spread along the coastline from north of The Entrance to the

10.3389/frsc.2024.1244187

Royal National Park (south of Sydney CBD) and include the
Blue Mountains.

Previous evidence supports these spatial patterns. The
contiguity of natural resources and climate events can be
explained by similarities of natural habitat types, topographies,
and landscapes in nearby areas. For instance, Speer et al. (2023)
reported that particularly Western Sydney has been significantly
impacted by an increase in the intensity and frequency of urban
heat effect in the last 30 years. Western Sydney has experienced
significant population and urban growth and generated greater
human activity and increasing areas of impermeable concrete
surfaces. The often-cited reasons for higher temperatures in
western Sydney are the high concentration of buildings and other
“brown structures” and long distance to coastal sea breezes (Speer
etal., 2023). Speer et al. (2023) point out that while Western Sydney
is not the only area feeling the prejudices of urban heat associated
with climate change, its population copes with a greater effect due
to a combination of natural factors and air currents, while it is
also home to a large proportion of Sydney’s socio-economically
disadvantaged population, living in poorer housing conditions,
lesser green infrastructure elements, and lower resources to
cope with critical climatic events; thus being a population more
vulnerable to UHI effects.

Social disadvantage has also increased over the past few decades
in Australian cities (Pawson and Herath, 2015). The economic
concerns that followed the COVID-19 pandemic, including
financial woes due to loss of jobs and income, high cost of living and
energy crisis, etc. mean many urban residents experience poverty.
The most disadvantaged areas represented by the lowest quintile of

TABLE 1 Quintile classification summary (heat, disadvantage, and housing unaffordability).

Indicator Quintile Number of SA2s Population % of population
Mean maximum temperature Lowest quintile 61 816,778 16.7
2nd quintile 62 1,043,653 21.3
3rd quintile 63 1,056,385 21.5
4th quintile 60 1,043,234 21.3
Highest quintile 60 944,183 19.3
Total 306 4,904,233 100.0
Social disadvantage (SEIFA IRSD) Lowest quintile 62 1,009,830 20.6
2nd quintile 61 1,055,788 21.5
3rd quintile 61 894,919 18.2
4th quintile 60 997,171 20.3
Highest quintile 62 946,525 19.3
Total 306 4,904,233 100.0
Housing unaffordability (PIR) Lowest quintile 61 889,973 18.1
2nd quintile 62 901,077 18.4
3rd quintile 60 907,370 18.5
4th quintile 61 1,042,277 21.3
Highest quintile 62 1,163,536 23.7
Total 306 4,904,233 100.0

Source: Authors’ own analysis. The data classes at the extremes (most affected areas) are in Italic. The totals for each indicator are in bold.
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Social disadvantage (SEIFA IRSD) quintiles, Sydney SA2s, 2016. Source: Authors’ own work.

SEIFA IRSD are located mainly in the western and southwestern
parts of Sydney (Figure 3). Other notable areas are The Entrance
and Gosford. The northern and eastern parts of Sydney represent
the highest quintile, meaning lowest disadvantage. These spatial
patterns were expected based on the general character of these
areas (Pawson and Herath, 2015). Some of the reasons for the
incidence of higher disadvantage in the middle and outer suburbs
in Sydney include inner city gentrification, public housing locations
and affordable housing options in middle and outer areas, and the
changing economic structure in Sydney where manufacturing jobs
have moved to outer areas and high-paying service jobs remained
in central areas (Pawson and Herath, 2015).

The distribution of housing unaffordability shows many inner
city SA2s have considerable affordability problems (Figure 4).
There are also a few middle city areas with high unaffordability.
Interestingly, Austral and Horsley Park are the only outer areas
with high unaffordability which would have been caused by their
proximity to the new Western Sydney Airport. This site was
announced in 2014 and construction began in 2015. This suggests
house prices have increased considerably relative to income in
these areas. Outer areas such as Penrith (except the Penrith CBD)
and Campbelltown are relatively affordable. The most plausible
explanations for the contiguity of highly unaffordable housing areas

Frontiersin Sustainable Cities

are associated with the drivers of higher price premiums in inner
and some middle city locations—e.g., scarcity of land, better access
to employment and high-quality amenities and services (Herath
and Jayasekare, 2021).

5.2 Spatial overlaps and priority areas

The observation that some areas affected by high temperatures,
disadvantage and housing unaffordability tend to cluster together
is noteworthy. Based on the framework for building urban climate
resilience (see Figure 1), we now look at areas subject to both
urban heat and the most significant social stresses in Sydney,
namely urban disadvantage, and housing unaffordability. This
analysis is based on the premise that if residents in areas exposed
to higher temperatures also experience social disadvantage and
housing unaffordability, this impacts such residents’ ability to cope
or adapt to climate events and makes them extremely vulnerable to
climate risks.

When residents in the highest quintile SA2s of urban
heat also experience the highest levels of urban disadvantage

frontiersin.org
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FIGURE 4

Housing unaffordability (PIR) quintiles, Sydney SA2s, 2016. Source: Authors’ own work.

and/or housing unaffordability, such areas are identified as
critical areas needing an urgent policy and planning response
(see Table2). There were 11 SA2s in the highest quintile
of temperature and the lowest quintile of IRSD (measuring
the highest disadvantage). In other words, the residents of
these hottest SA2s also experience the highest levels of social
disadvantage. The spatial patterns show these are SA2s in
the west and southwest of Sydney such as Mount Druitt—
Whalan, St Marys, Bidwill—Hebersham—Emerton, Lethbridge
Park—Tregear, Blacktown, and Kingswood (Figure 5). Social
disadvantage limits their ability to adapt to changing climatic
conditions and cope if, and when, climate events occur. For
instance, in the 2021 heatwave of Sydney, many residents of
the lower socio-economic communities who live in the west,
where it is 8-10°C hotter, couldn’t afford to use air conditioning
(Hsiang et al., 2017; Farid Uddin and Piracha, 2022). The link
between climate events and social disadvantage can be looked
at from a property value perspective which raises the question
whether disadvantaged areas are more vulnerable to floods. One
explanation is that land in flood-risk areas is underpriced and
residents with low incomes who live in lower socioeconomic
conditions are attracted to such areas. It also could be because
disadvantaged areas lack more resilient infrastructure (Doorn,
2019).

Frontiersin Sustainable Cities

Also, there were further two SA2s in the highest quintile of
temperature and the highest quintile of housing unaffordability.®
The residents of these two hottest SA2s in western Sydney,
Austral and Horsley Park, are faced with the highest levels
of housing unaffordability. Higher housing costs mean city
residents are left with insufficient funds for other necessities and
less (or no) savings. A critical shortage of affordable housing
also indicates such residents are unable to keep a roof over
their heads. They resort to makeshift arrangements such as
living with parents or other relatives, living in crowded houses,
boarding houses, or in extreme cases, being homeless. These
“inferior” housing arrangements affect an individual’s or family’s
ability to manage normal household functioning, reduce dwelling
cleanliness, and even cause injury and property damage. This
is more likely to result in greater anxiety or stress, poorer
health and child development outcomes, household conflict
and forced mobility or homelessness (Brackertz et al, 2019).
An individual or family in these circumstances won’t be able

6 There were no SA2s intersecting all three indicators simultaneously—i.e.,
the highest quintile of temperature, the lowest quintile of IRSD (representing

the highest disadvantage) and the highest quintile of housing unaffordability.
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TABLE 2 Priority areas for urban resilience.

Critical areas Number of SA2s ‘
Temperature (highest quintile) AND disadvantage (lowest quintile of IRSD = highest disadvantage) 11

Temperature (highest quintile) AND housing unaffordability (highest quintile) 2

Total 13

All priority areas

Temperature (two highest quintiles) AND disadvantage (two lowest quintiles of IRSD) AND housing unaffordability (two highest quintiles) 13

Only temperature (two highest quintiles) AND disadvantage (two lowest quintiles of IRSD) 53

Only temperature (two highest quintiles) AND housing unaffordability (two highest quintiles) 4

Total 70

Source: Authors’ analysis. The totals for each area category are in bold.
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FIGURE 5
Critical areas based on spatial overlap. Source: Authors’ own work.

to cope with the prospect of climate change and extreme
climate events.

Since these 13 SA2s are in the extreme end of urban heat, social
disadvantage and/or housing unaffordability (top 20% in each
case), they are in critical need of policy and planning interventions
to address the climate risks and social vulnerabilities.

Once the criteria are relaxed to include the two highest quintiles
of urban heat, social disadvantage and housing unaffordability,
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a considerably large number of SA2s emerge as priority areas.
There are 13 SA2s that overlap the two highest temperature
quintiles, the two lowest IRSD quintiles (referring to the two
highest quintiles of disadvantage) and the two highest quintiles of
housing unaffordability. The spatial distribution of these areas is
shown in Figure 6. These areas are in the west and southwest of
Sydney. There are further 53 SA2s that fall within the two highest
temperature quintiles and the two lowest IRSD quintiles (referring
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FIGURE 6
All priority areas based on spatial overlap. Source: Authors’ own work.

to the two highest quintiles of social disadvantage) only. This
indicates a substantial number of SA2s reporting high temperatures
were also ranked as disadvantaged locations. These SA2s are spread
across the west, northwest and southwest of Sydney. Moreover, four
additional SA2s fall within the two highest temperature quintiles as
well as the two highest housing unaffordability quintiles only. These
represent some middle city and western SA2s of Sydney. A notable
feature of these areas is the proximity to Sydney CBD, and hence,
higher land values.

5.3 Current siloed approach to planning
and the way forward

Building resilience is crucial, especially in urban communities
impacted by natural disasters and social stresses. In fact, planning
for resilient cities has become synonymous with planning for a
better and sustainable future (Kalantari, 2021). Improving housing
affordability and reducing disadvantage (including poverty and
inequality) will improve resilience in neighborhoods. Those who
are vulnerable to social stresses often live in areas that are typically
hazard-prone, unsafe, and overcrowded, with insecure tenure and
limited infrastructure (Baker, 2012). These issues heighten the
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sensitivity of the urban poor to climate change and disaster risks.
Housing with the security of tenure and with access to basic
services can help reduce vulnerability and can provide a basis for
home-based resilient livelihoods” (ADB, 2022). Building resilience
before climate disasters occur can help keep millions out of poverty
and save the world’s cities billions each year via downscaling
the support programs. Evidence of the growing importance of
resilience in urban planning is the globally adopted program of
the 100 Resilient Cities funded and initiated by The Rockefeller
Foundation (2013).

The current siloed approach to urban resilience addresses the
urban heat island effect as a standalone issue. The key strategies
identified to tackle urban heat include “green growth” initiatives
such as providing green infrastructure, increasing tree shading,
reducing hard surface areas in new developments, reducing
greenhouse gas emissions from buildings, and improving energy
efficiency (Hammer et al., 2011; Saaroni et al., 2018). For instance,
Blacktown Council is addressing urban heat by developing and
implementing a plan to transition that city to zero emissions
by 2040 (Goal 1.1), sourcing funding opportunities for energy

7 Home-based livelihoods refer to the increasing number of enterprises set

up at homes predominantly by low-income women in developing countries.
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efficiency programs (Goal 1.2) and increasing tree canopy and
biodiversity corridors (Goal 5.1) (Blacktown City Council, 2022).

Similarly, there are targeted policies in many cities to reduce
poverty, improve employability, and address urban disadvantage,
including social welfare programs. For instance, the Australian
Federal Government has touted co-investment with philanthropists
and the private sector to address disadvantage, emphasizing the
role of place-based partnerships and community organizations
(Chalmers, 2023). These policies should consider different social
stresses simultaneously. For instance, policymakers have argued
low incomes and unemployment in western Sydney will potentially
be addressed through the Western Sydney Aerotropolis now under-
construction (The Department of Planning and Environment,
n.d.), however there is a risk of increasing house prices due to the
arrival of new economic opportunities and better amenities and
services to the area.

There are targeted solutions to improve the overall provision,
suitability, and socio-economic resilience of the housing system to
address housing unaffordability. The long-standing yet politically
unpopular policy of providing state-funded public housing,
increasing social housing provision, rental assistance, low-
income housing tax credit (in the US), and private sector
solutions, including innovative dwelling types, home-sharing
models, and planning-based solutions such as improvements
to zoning laws are examples of available instruments to this
end. As a best practice example, Los Angeles (USA) has put
in place initiatives that will double the pace of affordable
housing production and preservation, and triple the production
of new permanent supportive housing by changing regulations,
adopting new financing mechanisms, and exploring adaptive
re-use of publicly owned sites (City of Sydney, 2018, p.
24). However, policymakers must ensure addressing a specific
problem does not lead to new problems. For instance, Greater
Sydney Plan highlights that by creating multiple subcenters,
residents will have better access to employment opportunities and
affordable housing (Greater Sydney Commission, 2018). These
strategies must however ensure the urban heat island effect
from these new constructions is minimal. Another persistent
challenge is, though governments have implemented a number
of these policies, they have been overtaken by the growing
scale of need. For instance, as of June 2021, there were
67,700 “greatest need” households on the waiting list for public
housing in Australia (Australian Institute of Health and Welfare,
2022).

The above siloed approach is known to be ineffective.
Serageldin identifies the silo effect in management in the separation
of responsibilities among resource-management agencies and
their incapability to consider mandates relative to mandates of
other organizations (Serageldin, 1995a,b). In government, the
silo effect adopts vertical fragmentation where responsibilities are
fragmented from one tier of government to the other, or horizontal
fragmentation where fragmentation occurs within one level of
government among different agencies (Mitchell, 2005). Oseland
(2019), specifically focusing on climate planning, emphasizes that
breaking silos creates new opportunities to bridge the gap between
targets and results through knowledge sharing, identification of
co-benefits and anchoring of the plans beyond the departments
in charge. It is crucial that state and local governments overcome
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silo management and embrace integrated planning on their path to
urban resilience.

Rather than implementing standalone measures to mitigate
climate risks, address urban disadvantage and improve housing
affordability, an integrated solution that strengthens resilience
through social protection programs has been proposed (UN, 2018;
Yuster, 2018). This emphasizes the need to comprehend the
integration between human and ecological processes, particularly
within human-dominated environments, is crucial for reaching
future resilience goals. Asian Development Bank (2018) highlights
that social protection mechanisms must better target the urban
poor and respond to increasing climate shocks and stresses.
Investments should support underlying vulnerability through
resilient livelihoods, regular income, promotion of savings, and
skills enhancement. The urban disadvantaged should be supported
to access affordable and resilient housing. Mainstreaming of climate
adaptation in sectoral plans and policies—with major implications
for urban policy—requires major efforts from local authorities (i.e.,
place-based interventions; Reckien et al., 2019).

6 Conclusion

Residents in many areas of Sydney, particularly western Sydney,
are living in hot conditions because of the high concentration of
buildings and other brown structures and the long distance to
coastal sea breezes. Meanwhile, due to inner city gentrification,
public housing locations and affordable housing options in middle
and outer areas, and the changing economic structure in Sydney
where manufacturing jobs have moved to outer areas, low income
and other socio-economically disadvantaged residents are moving
to the same western areas. One would expect housing to be
affordable in these locations due to high temperatures (Galinato
and Tantihkarnchana, 2018) and neighborhood effects® (Gunn
et al,, 2022). However, housing is increasingly unaffordable relative
to income in these areas, particularly in those SA2s located
toward the Sydney CBD due to scarcity of land, better access
to employment, high-quality amenities, and services. The spatial
contiguity of the areas impacted by urban heat, social disadvantage
and housing unaffordability is more problematic due to the need
for more resources, large scale programs, and a longer time periods
to design and implement programs and policies.

We need better metrics to understand the climate events, social
stresses, and resilience capacities. Some of the resilience measures
that have been developed in the previous urban resilience literature
are not quantitatively measurable. For instance, certain indicators
listed in the City Resilience Index (The Rockerfeller Foundation,
n.d, p. 27) are qualitative in nature and hard to measure
and compare—e.g., cohesive communities, flexible infrastructure
services. In contrast, the measures developed in this paper are
pragmatic, measurable, and accessible. Data for these indicators
are also available in many other cities for benchmarking, for
instance, PIR is available for many world cities and socio-economic
disadvantage is available for numerous cities as well (e.g., Index of

8

which various neighborhood conditions influence the wellbeing of residents

In urban economics, neighborhood effects refer to the processes by

collectively or individually (Roosa and White, 2014).
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Multiple Deprivation in the UK). To address the drawback of using
only a handful of measures in the current paper, future research will
develop multiple other measures of social stresses.

In the introduction, the question was raised whether the
locations subjected to disruptive climate events also experience
social vulnerabilities. If residents in areas exposed to higher
temperatures also experience social disadvantage and housing
unaffordability, this impacts such residents’ ability to cope or
adapt to climate events and makes them extremely vulnerable
to climate risks. We considered the spatial overlapping of urban
heat, social disadvantage and housing unaffordability and identified
two sets of priority areas for building resilience—critical areas
and all priority areas. Areas with the most extreme values of
urban heat, social disadvantage, and housing unaffordability (the
highest 20%) were included as critical areas, and those with
high values of urban heat, social disadvantage, and housing
unaffordability (the highest 40%) were included as all priority
areas. In Sydney, 13 SA2s (or 4% of total SA2s analyzed) are
critical areas with extreme levels of temperature and either the
highest level of disadvantage (11 SA2s) or the highest level of
housing unaffordability (2 SA2s). The extended list with relaxed
criteria shows 70 SA2s (or 23% of total SA2s analyzed) are
priority areas. This is an alarming statistic as almost a quarter of
SA2s show substantial social vulnerabilities if climate events to
intensify. The remaining 77% of SA2s have relatively improved
social structures making them better able to bounce back from
potential climate events.

Based the
Ostadtaghizadeh et

on resilience  framework presented by
(2015) and elaborated by Ribeiro

and Pena Jardim Goncalves (2019), the issue of resilience

al.

should be emphasized more on the strength of the system
being built in the five dimensions natural, economic, social,
physical and institutional—see Section 2.2. This framework
highlights the importance of strategic and leadership structure
(institutional) due to the role of local authorities as a main
stakeholder in the resilience process. This is consistent with
the pivotal role suggested in the present paper for local, city
and state governments in identifying the spatial dynamics of
climate events and social stresses, and addressing them through
integrated solutions and policies. For instance, understanding
the link between the five dimensions is key to overcoming
climate change and social problems such as disadvantage and
housing unaffordability. Such a system can reduce the impact
of climate events by focusing on inherent resilience of people
and communities (social), implementing effective governance
mechanisms (institutional), and creating sustainable economic
opportunities in local neighborhoods (economic). Therefore, an
effective leadership to guide government capacities for resilience in
cities becomes essential.

A limitation of using SEIFA for classifying ’socio-economic
disadvantage’ is that it is essentially compositional, and as such
is vulnerable to the ecological fallacy (Darcy and Gwyther, 2011;
Pawson and Herath, 2015). In other words, socio-economic
disadvantage classified at the SA2 level doesn’t mean all the
individuals in such areas are disadvantaged. Despite this criticism,
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SEIFA is still considered to be the most meaningful metric of
disadvantage currently available in Australia.

There was once an understanding that cities are places of
consumption and production, resulting in the replacement of the
natural landscape. There is now an increasing awareness that
cities could and should be part of the solution to mitigate climate
impacts and enhance overall sustainability (Swart et al., 2023).
Our framework for building urban climate resilience incorporates
facets of urban resilience, social stresses that amplify crises, and
solutions that strengthen individuals and communities with coping
abilities to withstand climate events. The multi-faceted nature of
urban resilience suggests a siloed approach is ineffective and an
integrated approach is needed. For instance, policies addressing
urban disadvantage and housing unaffordability should also
consider resilience—e.g., affordable housing should also be resilient
housing. Furthermore, the findings diverge from aggregate city-
level analyses by highlighting the small-area differences of climate
impacts and vulnerability. The spatiality of the natural and social
impacts indicates the need for context-based approaches and place-
based policies to address climate risks and social vulnerabilities.
This is especially important as climate change will only amplify the
frequency and intensity of extreme weather events.
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