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Climate change results in unequal social outcomes within housing markets. Using the Australian housing market
data, we examine its disparate social outcomes under climate scenarios presented by the shared socioeconomic
pathways (SSPs). Our results suggest that even sustainable pathways with expected societal benefits have the
potential to exacerbate social inequities, for example, by disproportionately imposing financial burdens on
tenants in the rental market. Specifically, we demonstrate how intervention mechanisms, including insurance
premiums, housing taxes, and mortgage rates, can counterproductively deepen social inequities among socio-
economic groups by increasing unaffordability and homelessness across different climate scenarios. Theoreti-
cally, the results indicate the non-linear and disparate trajectory of social outcome of housing supply and demand
in climate scenarios with reference to tipping points, while practically the results call for contextually defined
housing policies that support targeted intervention mechanisms for just housing outcomes in the face of climate

change.

1. Introduction

The housing affordability crisis is threatening the fundamental
human right to housing across diverse urban areas worldwide (Lima,
2021; Tayefi Nasrabadi et al., 2025; Wetzstein, 2017). Unaffordable
housing contributes to widening inequities and adverse social outcomes,
including increased reliance on informal housing (Gurran et al., 2020),
forced migration (Hao & Wang, 2024), and homelessness amid short-
ages of affordable rental and social housing (Batterham et al., 2021;
Hipp et al., 2025; Pawson, 2021). Such social outcomes face further
uncertainty in the face of climate change, with the potential significant
impacts on housing supply and demand equilibriums and the stability of
housing markets (Ahmad et al., 2025; Costello et al., 2009).

Climate change not only causes direct physical damage (Head et al.,
2014) but also heightens market vulnerabilities (Baldauf et al., 2020)
through evolving risk perceptions (Lawrence et al., 2014) and shifting
investment behaviors (Gourevitch et al., 2023). Between 2000 and
2019, global costs of extreme weather events totaled AU$4.3 trillion
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(Newman & Noy, 2023). By 2030, these extreme events are projected to
cause economic losses exceeding AU$571 billion in the Australian
housing market alone (Steffen et al., 2019). Coupled with population
growth, urbanization, and constrained housing provision, the social
costs of climate change are expected to escalate further under realistic
scenarios (Actuaries Institute, 2022; Tol, 2023). Understanding the so-
cial and economic impacts of climate change on housing markets is
therefore essential for designing targeted adaptation and mitigation
initiatives, as well as for implementing effective market interventions.
While prior studies demonstrate that physical climate risks and risk
perceptions influence housing prices (Baldauf et al., 2020; McNamara
et al.,, 2024), the broader social outcomes of the price effects have
received limited attention (e.g., Gurran et al., 2020). These social out-
comes have rarely been connected to future scenarios, including climate
trajectories (Ingels et al., 2024). This gap restricts understanding of how
governance and market mechanisms may moderate or exacerbate
housing market vulnerability under climate change (e.g., Head et al.,
2014). Our study integrates housing market dynamics to assess future
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social outcomes, including affordability pressures, homelessness, and
informal housing, under alternative climate change scenarios.

In this research, we translate shared socioeconomic pathways (SSPs)
to explore the social outcomes of the housing market under climate
change. We further consider the impact of common intervention
mechanisms, such as insurance premiums, taxes, and mortgage rates.
Using empirical data from the Australian economy and housing market
(2003—2021), we simulate market behavior through a macroeconomic
stock-flow model under five SSPs, developed through the integrated
assessment model (IAM) (O'Neill et al., 2016) by the Intergovernmental
Panel on Climate Change (IPCC). Our results provide insights into how
interventions shape social outcomes, highlighting variations in market
behavior under extreme climate conditions at both national and
household levels across different socioeconomic groups. The contribu-
tion of this research lies in translating shared socioeconomic pathways
into market-level housing dynamics, demonstrating interactions of
climate change, within the economic and social systems, and estab-
lishing a methodological foundation for evaluating how interventions
may counterproductively exacerbate social inequities within housing
markets.

2. Background
2.1. Drivers of the housing affordability crisis

Housing affordability is not just the outcome of short-term price
surges; rather, it reflects the interplay of demand, supply, and gover-
nance (e.g., Biichler et al., 2023; Freemark, 2024; Ganong & Shoag,
2017). On the demand side, urbanization, population growth, economic
expansion, and demographic change contribute to rising housing prices
(Gennaioli et al., 2014; Leishman & Goel, 2024). For example, in Jordan,
the arrival of 1.3 million Syrian refugees sharply increased rental prices,
as housing supply remained unresponsive (Rozo & Sviatschi, 2021). On
the supply side, productivity, land-use regulations, zoning, and devel-
opment practices shape the responsiveness of housing markets (Glaeser
et al., 2006). In Australia, overall housing supply has persistently lagged
behind demand, a trend exacerbated by construction delays, thereby
intensifying the affordability crisis (Groenhart & Burke, 2014). These
examples illustrate how adverse social outcomes in the housing markets
can emerge from the intersection of economic, social, and political
drivers (e.g., Freemark, 2024; Ganong & Shoag, 2017).

However, the dynamics of these drivers can significantly change as a
result of climate-related risks that are expected to impact supply and
demand imbalances and eventually the associated social outcomes. For
example, Australia witnessed a 5.9% surge in home insurance premiums
in 2021, the largest rise in seven years (GlobalData, 2022). Even under a
low-emission scenario, where global warming is expected to remain
below 2 °C by 2050, vulnerable households in Australia who spend more
than four weeks of gross income on insurance, will face a 14% deteri-
oration in home insurance premium affordability in the same period
(Actuaries Institute, 2022).

2.2. Interventions in response to the housing affordability crisis

Understanding the future of housing markets under climate change
requires attention to the intervention mechanisms that shape such out-
comes. At the market level, these interventions can be broadly catego-
rized into supply-side and demand-side interventions. Governments
have frequently relied on supply-side levers to address housing unaf-
fordability (Compton, 2024; Palm et al., 2020). These include deregu-
lation of land development (Biichler & Lutz, 2024; Ferm et al., 2021) and
modifications to land-use regulations and zoning (Aurand, 2010;
Thlanfeldt, 2007). Evidence shows that deregulatory planning reforms
can increase housing supply, although often at the cost of quality (Ferm
et al., 2021).

Demand-side interventions aim to stabilize housing markets by
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influencing housing costs. Traditionally, such interventions include tax
increases, mortgage rate adjustments, and changes in insurance pre-
miums (e.g., Long & Zhuang, 2025). Growing climate-related risks have
also prompted the design of novel interventions, such as multi-country
risk pools (Ciullo et al., 2023; Jarzabkowski et al., 2022) and pricing
strategies (DellaVigna & Gentzkow, 2019).

2.3. Housing affordability as climate adaptation strategy

In the context of escalating climate-related risks and socioeconomic
complexities, mitigation and adaptation initiatives have been intro-
duced alongside market-level interventions. However, these mitigation
and adaptation initiatives often fail to distribute benefits justly or ach-
ieve their intended purpose without spill-over adverse impacts (Owen,
2020). The effectiveness of these climate initiatives depends on timing,
expectations, and the ability to anticipate disruptions (Battiston et al.,
2017; Nicolini, 2024). As climate extremes exceed records (Fischer et al.,
2021), large-scale disaster exposure estimates need to be revised (Smith
et al., 2019). This need arises from heightened uncertainty, which could
potentially lead to unprecedented conditions, causing social and market
failures (Andrew, 2008). Planning for just resilience housing outcome
requires protecting vulnerable populations and ensuring that they share
in the benefits of adaptation and mitigation. In this context, affordability
itself emerges as a dimension of climate adaptation and mitigation.

2.4. Social outcomes of the housing market under climate change

While further research into novel, context-specific initiatives is
essential (Lucas et al., 2021), there is a need to explore the effectiveness
of both current and emerging initiatives. More specifically, under-
standing the social outcomes of the housing market under extreme
climate change scenarios prepares policymakers to manage, confront
and adapt to a highly uncertain future. Such understanding can further
inform policies on a wider range of scenarios, thereby improving the
effectiveness of both existing and novel alternatives.

To explore social outcomes of housing market under climate change,
a range of scenarios is needed to capture different pathways for supply
and demand dynamics and intervention mechanisms. We select the five
shared socioeconomic pathways (SSPs) to represent a set of plausible
future scenarios and uncertainties, each characterized by distinct com-
binations of challenges to mitigation and adaptation. The SSPs provide a
foundation for exploring population change, income growth, inequality,
and land development, thereby shaping both supply and demand dy-
namics. They also enable analysis of the impacts of demand-side in-
terventions, while supply-side interventions are captured through land
development trajectories.

An overview of the SSP narratives is derived from the work of Riahi,
Van Vuuren, Kriegler, Edmonds, O'neill, Fujimori, Bauer, Calvin, Del-
link, and Fricko (2017a). The sustainability scenario, SSP1, describes a
scenario where collective action toward sustainability leads to a gradual
shift toward a more sustainable path and inclusive development. SSP2
represents a middle-of-the-road scenario characterized by uneven
development, income growth, and environmental degradation. Under
this pathway, the world follows a path where social, economic, and
technological trends do not shift significantly from historical patterns,
making it a suitable baseline for analyzing other pathways. The regional-
rivalry scenario, SSP3, portrays a world of resurgent nationalism,
authoritarian governance, environmental degradation, and limited
progress toward sustainability. The inequality scenario, SSP4, illustrates
increasing inequalities, fragmented societies, and concentrated power,
resulting in moderate economic growth. Finally, SSP5 represents the
fossil-fueled scenario, in which the exploitation of abundant fossil fuel
resources is continued with prioritization of technological, economic,
and social development.
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3. Data and methodology
3.1. Data

We used data from the Australian Bureau of Statistics (ABS), the
Household, Income and Labour Dynamics in Australia (HILDA) Survey,
and the World Bank, as summarized in Table 1. To estimate total housing
demand in eq. (2), we used population and household size from 2003 to
2021, along with disposable income from ABS, and measured real net
national disposable income per capita, reflecting inflation-adjusted in-
come at annual frequency from 2003 to 2021. To capture annual
changes in residential dwelling prices and housing inflation, we used
ABS Residential Property Price Index, and scaled the index to average
dwelling prices in 2003 so that each year's index value represents the
average housing price. We calculated housing costs (the user cost of
housing) as the sum of rent payments, utility payments, and mortgage or
unsecured loan repayments, and defined ownership cost by assigning a
value of zero to rent payments for owners, while we defined rent cost by
assigning a value of zero to mortgage payments for tenants. Housing
costs and prices are deflated. We extracted tenure type from ABS, and
used rent, housing price, and tenure variables to calibrate eqgs. (2) and
(3.

We obtained homelessness data from ABS, which is only available for
2006, 2011, 2016, and 2021, and affordability measures from HILDA
microdata on household income and rent. While ABS provides national-
level indices for rent and income, HILDA data is required to estimate
homelessness from the distribution of household-level income and rent.
We then used these annual observations for 2006, 2011, 2016, and 2021
to estimate homelessness and calibrate eq. (5). We adjusted GDP to
billion US dollars in 2005 to ensure consistency with the SSPs, and we
used urban land area from the World Bank, and construction start rates
from ABS to calibrate eq. (7).

We interpolated all the data to monthly frequency so the model
operates at a monthly time step. This approach ensures internally
consistent simulation but does not capture intra-year variability.
Instead, our result reflects annual changes in the housing market,
consistent with the predominantly annual availability of input data. All
datasets used in the analysis are publicly accessible and listed in Table 1,
along with their temporal coverage, frequency, and role in the model.

3.2. Method

We use a macroeconomic stock-flow model to capture the dynamics
of the housing market through the asset-price approach (McNamara
et al., 2024; Meen et al., 2022; Poterba, 1984; Poterba & Sinai, 2008).
These models are particularly suited for policy analysis, exploring
market dynamics, and examining social equity (Andrews et al., 2011;
Cao et al., 2020; Dafermos et al., 2017; Fu et al., 2023; Jackson & Victor,
2015). We include interactions between ownership and rental markets,
integrate household decision-making and affordability constraints, and
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incorporate intervention mechanisms, including country-level insurance
premiums in Australia. Fig. 1 presents the core causal loop diagram of
the model.

Our model integrates the dynamics of supply (Epple et al., 2010;
Poterba, 1984) and demand (Miles & Pillonca, 2008), while accounting
for variation in housing costs. Population and affordability determine
total housing demand. Population is an exogenous variable determined
by data, while affordability is influenced by rent prices, GDP, and
ownership costs, which depend on sales prices, mortgage rates, taxation
settings, and insurance premiums. Population growth or improvements
in affordability, such as those arising from GDP gains or lower insurance
premiums, increase total demand.

We allocate total demand between the ownership and rental markets
through a demand-division ratio. The share of demand directed toward
ownership declines when ownership costs rise and increases when rent
prices rise, reflecting the inverse relationship to rental demand. A
portion of total demand may not be met due to affordability constraints
and contributes to homelessness. Homelessness is a function of GDP,
rent prices, and the GINI index, with higher rents, weaker macroeco-
nomic conditions, and greater inequality increasing the likelihood that
households cannot secure adequate housing.

Total supply comprises vacant dwellings and new construction. New
construction is driven by sales prices, construction productivity, and
available land, including both new land releases and demolition of
existing stock. Higher sales prices, productivity gains, or increases in
land availability raise the construction rate. Construction responds to
demand conditions and price signals with a lag due to project lead times.
We allocate total supply between the ownership and rental markets
through a supply-division ratio determined by relative profitability.
Higher rent prices increase developers' incentives to allocate supply
toward the rental market, while higher sales prices shift supply toward
the ownership market. Interactions between demand and supply deter-
mine sales and rent prices. Higher demand or lower supply increases
prices, whereas lower demand or higher supply reduces them. Price
movements feed back into the system through three primary feedback
loops: (i) higher sales prices increase ownership costs, lowering total
demand and reallocating demand toward rental; (ii) higher rents reduce
total demand and increase demand for ownership; and (iii) higher sales
and rent prices stimulate new construction and increase total supply.
These feedback loops lead to dynamic behavior of the system over time.

3.2.1. Housing price adjustments

The housing market is shaped primarily by fluctuations in supply and
demand, which lead to adjustments in prices over time (DiPasquale &
Wheaton, 1994; McCarthy & Peach, 2002; Tu et al., 2017). We analyze
the dynamic relationship between supply, demand, and past prices to
predict current housing prices in both rental and ownership markets
through the following equation:

Table 1

Data description.
Variable Range Frequency Units Equation Source
Population 2003-2021 Annual People Eq. 2 ABS data
Household size 2003-2021 Biennial People Eq. 2 ABS data
Disposable income 2003-2021 Annual AU$ per week Eq. 2 ABS data
Sales price 2003-2021 Quarter AU$ Calibration ABS data
Rent price 2003-2021 Biennial AUS$ per week Calibration ABS data
Tenure type 2003-2021 Biennial Percentage Calibration ABS data
Ownership cost 2003-2021 Annual AUS$ per week Eq. 2 and 3 ABS data
Affordability 2006-2021 Annual Dimensionless Eq. 5 HILDA survey
Homelessness 2006, 2011, 2016, 2021 Percentage Calibration ABS data
Construction start rate 2003-2021 Quarter Dwellings Calibration ABS data
GDP 2003-2021 Annual Adjusted to 2021 AU$ Eq. 7 The World Bank
Urban land area 2000, 2010, 2015, 2020 Km? Eq. 7 The World Bank and

Gao and O'Neill (2020)
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where P; represents the price at time ¢, and Cj is a constant determined
through calibration. Demand (D) and supply (S) are then determined by
the following equations.

3.2.2. Housing demand side

Demand dynamics are influenced by demand-side forces, including
disposable income, population size, and the user cost of housing, as
supported by previous empirical studies (Andrews et al., 2011; McNa-
mara et al., 2024; Meen et al., 2022; Miles & Pillonca, 2008; Poterba,
1984). The user cost of housing is shaped by interest rates, current and
future price expectations, the relative cost of owning versus renting, and
taxation policies. Therefore, at any given time t, the total demand,
denoted as Dy, is calculated as:

az

DI a pt/N U —az
Dy ot = Di—1 0t X (DI ‘ ) —t ( ‘ ) (2)
-1 PN, Ui

where disposable income (DI), population (p), household size (N), and
user cost of housing (U) are obtained from the collected data. The pa-
rameters o1, 0z, and o are determined by calibration.

3.2.3. Housing ownership demand

In the model, a portion of total housing demand is satisfied by
occupied dwellings. The remaining unmet demand, D,,, is allocated
between ownership and rental markets according to housing tenure.
Empirical studies and asset-price approaches indicate that this alloca-
tion depends primarily on the relative costs of renting versus owning,
including rent payments and ownership costs (McNamara et al., 2024;
Poterba, 1984; Raya & Garcia, 2012; Tu et al., 2017). Therefore, at any
given time t, ownership demand, denoted as D ,, is calculated as follows:

G

1+exp(7C3(5‘glfC4>>

In this equation, an S-shaped function captures the effect of

D:o = Dy +1-GC, 3

compared with rent prices, demand shifts toward the rental market, and
the reverse occurs when ownership becomes relatively less costly
(Gallin, 2008; Poterba, 1984; Raya & Garcia, 2012; Tu et al., 2017). In
this segment, P, , represents the rent price; Cs, C3, and Cy4 are constants
determined through calibration. The term OC; denotes housing owner-
ship costs, which directly correlate with the sales price and include
components such as interest rates, mortgage rates, insurance premiums,
taxes, depreciation, maintenance, moving fees, and expected house
price growth (McNamara et al., 2024; Miles & Pillonca, 2008).

3.2.4. Housing rental demand

After determining ownership demand, the remaining demand shifts
to rental but only if rent payments are affordable. Otherwise, a portion
of low-income households may experience homelessness (e.g., Pawson,
2021). Rental demand is determined as follows:

Dt.r = Dt,u - Dr,o - ﬁDt,mtal (4)

where f is an apportionment factor that evaluates rental affordability
based on rent prices and disposable income. This factor is the log-normal
cumulative distribution of the income-to-average-rent ratio. Its primary
purpose is to determine the homelessness rate by calculating the prob-
ability that a household's income-to-rent ratio is less than or equal to a
rental affordability threshold x, which is defined as:

_ DI, _dy_1 In(x—p)
ﬁ(”prr’x’g*P”) 72[1+erf(76 >:|+8 5)

where p represents the income-to-average-rent ratio, o is the standard
deviation, and ¢ signifies the proportion of the population experiencing
homelessness due to factors not directly related to rental affordability,
such as domestic violence and mental health (e.g., Piat et al., 2015).
Historical data on disposable income and rent prices are used to deter-
mine y, while ¢ is calculated as the standard deviation of the disposable
income distribution (¢”) divided by the average rent price. Both ¢ and x
are calibrated using historical homelessness data.

We use a lognormal distribution for rental affordability based on
empirical evidence showing that that both rent prices and income
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distributions are lognormal (Eguia & Xefteris, 2024; Lemoy & Bertin,
2012). Rental affordability is represented by the ratio of rent to income;
therefore, a lognormal distribution is an appropriate representation of
affordability as the ratios of lognormal variables tend to follow
lognormal distributions. Empirical validation using Australian micro-
data further supports this specification. Fig. A1 shows the distribution of
rental affordability measures derived from annualized rent divided by
reported household income for renter households. The raw affordability
ratios display characteristics of lognormal behavior. After log trans-
formation, the distributions approximate symmetry, confirming that the
lognormal form provides an appropriate basis for modelling.

3.2.5. Housing supply side

Changes in housing supply result from the reconstruction of existing
buildings, urban development, and the availability of vacant dwellings
from property sales or expired rental contracts. The supply from vacant
dwellings is determined by transaction dynamics within the model.
Furthermore, housing supply from sources other than vacant dwellings
is estimated following previous empirical studies and the asset-price
approach, which is grounded in the Cobb-Douglas production func-
tion (Epple et al., 2010; Jalali et al., 2022; Poterba, 1984; Tan et al.,
2020). In this framework, the model specifies the optimal supply-to-land
ratio (Sy/Ly that maximizes profit as follows:

5405 () ()

t 1Pt

where 7 represents a constant reflecting the sensitivity of output to input
variations, while A represents productivity. Both parameters are calcu-
lated through calibration. The available urban land area, L;, is calculated
by accounting for both new land development and the demolition of
existing dwellings. New land development is inferred from historical
data, while the demolition rate (ry) is derived through calibration. Py
represents the sales price. The construction costs, Py, are influenced by
GDP, following Ashuri et al. (2012), who identified GDP as a leading
indicator. Therefore, the change in construction costs is defined as AP
= 1A(GDP), where 1 is a constant determined through calibration. The
supply function can then be written as the following:

e o
S =LA <17V) X <I%A(GDP)> ('7*1) o

3.2.6. The type of housing supply

The type of housing supply determines the division between
ownership and rental supply. This division is not fixed and can be
influenced by sales and rental incomes (Biichler et al., 2021; Mense
etal., 2023; Sommer & Sullivan, 2018). To represent this dynamic, an S-
shaped function is used to estimate the number of dwellings allocated to
the ownership market, with the remainder designated as rental supply.
The rationale behind this function is that when the ratio of rental prices
to sales prices increases, profit-seeking owners are more inclined to rent
out their dwellings rather than selling them. However, the second term
on the right-hand side of the equation caps the increase in the number of
dwellings allocated to the rental market, regardless of changes in rental
or sales prices. In other words, despite high rental prices, some home-
owners or sellers will always choose to sell their dwellings. The function
is expressed as the following:

Cs
(i)

where Cs, Cg, and Cy are constants determined through calibration, S
denotes the total supply, and S, represents the ownership supply.

St.o = St‘tot +1-— CS (8)
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3.2.7. Adjustment times

Each stock in the model is associated with an adjustment time.
Initially, parameter ranges are determined using data and recommen-
dations from Australian sources, including grey literature. Subsequently,
these parameters are calibrated within their specified ranges. The
adjustment times include those related to owners (toyners) and tenants
(tienants), accounting for how long it takes them to adjust their tenure
type if they decide to change. Additionally, the adjustment times for
shifts in demand and supply between ownership and rental markets
(tdemand-shift and teppiy-shif) affect the market's vacancy dynamics, while
construction time (tonsiruction) determines the responsiveness of housing

supply.

3.2.8. Operationalizing social outcomes

We represent social outcomes through rental affordability, owner-
ship affordability, the homelessness rate, and the share of informal
housing. We operationalize these outcomes using indicators that capture
the financial pressures experienced by households and the distributional
consequences of housing market conditions.

We measure ownership affordability using the income-to-ownership-
cost ratio, which reflects the burden of ownership-related expenses on
household budgets. We then measure rental affordability through the
income-to-rent ratio, indicating the extent to which rental costs
constrain household resources. Together, these indicators provide
insight into the intensity of the housing crisis, which is referred to as a
disruption in which rising housing-related expenses outpace salary and
wage increases (Wetzstein, 2017).

Homelessness and informal housing serve as indicators of housing
equity among low-income households (e.g., Rantissi & Gitis, 2024). The
potential for experiencing homelessness is defined as the probability
that a household's income-to-rent ratio falls below a specified rental
affordability threshold. In practical terms, the homelessness rate reflects
the portion of the population at risk of losing access to secure housing
without additional support. The share of informal housing refers to ar-
rangements such as subdivided housing or living in non-residential
buildings that vulnerable households may resort to when they are un-
able to access formal affordable rental options (Gurran et al., 2020). A
high share of informal housing, coupled with complex social issues such
as economic booms (e.g., Haslam McKenzie & Rowley, 2013) and a
shortage of affordable rental housing (e.g., Gurran et al., 2020), signals
elevated housing-related stress. To quantify the potential for informal
housing, we evaluate the number of households able to afford housing as
tenants or owners relative to the number of available dwellings. This
indicator provides a proxy for the likelihood that low-income house-
holds may be pushed into informal arrangements due to insufficient
access to affordable formal accommodation.

3.3. Model calibration

We calibrate the parameters listed in Table 2 through an iterative
process designed to ensure robust model performance. Calibration is
conducted in three sequential stages rather than simultaneously. Cali-
brating egs. (5) and (7) separately before integrating them into the full
model reduces the dimensionality of the optimization problem, lowers
calibration error, and prevents convergence challenges associated with
estimating a large number of parameters simultaneously.

In the first stage, we estimate the parameters of the homelessness
rate in eq. (5), with the objective of minimizing the mean absolute
percentage error (MAPE) of the homelessness rate. Optimization ter-
minates once improvements in the best MAPE fall below 0.1%. In the
second stage, we calibrate the construction rate in eq. (7), again with the
objective of minimizing MAPE of the construction rate. Optimization
terminates once improvements in the best MAPE fall below 0.1%. In the
third stage, we integrate the calibrated parameters from stages one and
two into the full model and estimate the remaining parameters. The
objective in this stage is to minimize the average MAPE across three key
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Table 2
Calibration result.
Parameters Values
C1 0.003
Ca 0.500
Cs 5.000
Cy 0.650
Cs 0.650
Ce 0.600
Cy7 0.050
o 1.000
[\% 1.000
o3 0.500
rq 0.0007
X 0.390
€ 0.0043
n 0.310
A 2.200
1.800
towners 120
Lienants 20
tdemand-shift 1.778
Csupply-shift 3.470
Leonstruction 12

metrics: tenure type, housing prices, and rent. To evaluate the robust-
ness of the calibrated model, we conduct a behavior reproduction test, a
verification process, and a sensitivity analysis, as detailed below.

3.3.1. Behavior reproduction test

Fig. 1 illustrates the trajectories of the model outputs and collected
data for sales price, rent price (annual rent payment), the number of
owners, the number of tenants, homelessness, and supply. For this
behavior reproduction test, we use data from 2003 to 2018. We also
verify the calibration by comparing the model outputs with data from
2018 to 2021. The quality of fit between the data and model outputs is
assessed using the measures presented in Table 3. The R? values range
from 0.82 to 0.99, indicating negligible variability. Additionally, the
MAPE and MAE/Mean values fall within an acceptable threshold of less
than 10% (Chen et al., 2003; Lewis, 1982). As a result, the model is
capable of reproducing historical data and capturing the patterns and
relationships within the data used for verification. Specifically, our
model is tested on a dataset covering 18 years to examine market
behavior over a 30-year period (up to 2050) under SSPs. The results of
this test demonstrate the model's suitability and robust performance for
implementing future scenarios (Chen et al., 2003; Lewis, 1982).

3.3.2. Sensitivity analysis

To demonstrate the uncertainty of the impact of the model param-
eters, a sensitivity analysis is conducted on various parameters. For
brevity, only the sensitivity analysis results on construction costs are
presented in Fig. 2.

Our analysis examines the effect of +10% uncertainty in construc-
tion costs on housing markets in terms of prices and tenure type over
time. Fig. 3 demonstrates that considering growth in construction costs
does not significantly alter the behavior of the model, except under
SSP1, where a slight variability is observed due to the balance between
supply and demand in this scenario, making it more sensitive to changes.
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However, the trajectory of tenure type, represented by the number of
owners and tenants, remains nearly constant, implying that households'
attitudes toward tenure choice remain unaffected by this uncertainty.
Moreover, in the results, we consider the uncertainty inherent in
different supply-demand inputs, such as construction cost, productivity,
GDP, population, and insurance premiums, each with an uncertainty of
+5%, which are displayed as boundaries in the figures.

3.4. Scenario development: Shared socioeconomic pathways (SSPs)

Following the calibration process, we apply the SSPs to explore social
outcomes under climate change. These scenarios serve as the inputs to
the model and are summarized in Table 4. The SSPs characterize societal
futures with particular combinations of challenges to mitigation and
adaptation (O'Neill et al., 2017). Mitigation and adaptation initiatives in
response to climate change are incorporated through demographics,
human development (e.g., health and education), economic growth,
inequality, governance, technological change, and policy orientations.
These initiatives influence the intricate interactions among social,
technical, economic, and climate factors, which in turn shape the sce-
narios and their underlying assumptions. For instance, migration as a
form of adaptation (Black et al., 2011) is analyzed by considering pop-
ulation growth across different SSPs, while the adoption of green stan-
dards and climate-resilient practices is examined in relation to
governance, technological change, and policy orientations.

The macro-level projections of SSPs have been widely applied in
country-level and subnational studies (e.g., Bruhn et al., 2025; Clark &
Miller, 2025; de Ruig et al., 2022; Tesselaar et al., 2023). These studies
include modelling life-cycle emissions in the building sector (Bruhn
et al.,, 2025), estimating climate-driven impacts on regional housing
prices (Clark & Miller, 2025), and simulating population growth in
floodplains while accounting for housing market responses (Tesselaar
et al., 2023). SSPs have also informed the development of risk-based
insurance premiums for socially beneficial adaptation interventions in
housing markets (de Ruig et al., 2022). Using this literature, we
demonstrate that macro-level SSP projections, when linked to empiri-
cally grounded behavioral models, enable meaningful insights into
micro-level housing outcomes. We translate SSPs into inputs for an
established asset-price housing model. Behavioral mechanisms govern-
ing supply, demand, affordability, tenure decisions, and intervention
processes remain empirically grounded and unchanged. Macro-level
SSPs instead shape exogenous variables, including population, GDP,
and insurance premiums, which define the broader context in which
housing market dynamics unfold.

A subset of country-level factors is obtained from the SSP database
(https://tntcat.iiasa.ac.at/SspDb/) and studies on the SSP database.
Data on population (Kc¢ & Lutz, 2017), GDP (Dellink et al., 2017; Rao
et al., 2019), and Gini index (Rao et al., 2019) are sourced from the SSP
database. Productivity growth data are obtained from Leimbach et al.
(2017), urban land area development data from Gao and O'Neill (2020),
and insurance premiums data from Actuaries Institute (2022). Insurance
premium projections are available only for SSP1 and SSP5. For the
remaining scenarios, we interpolate within the SSP1-SSP5 range,
reflecting the relative mitigation and adaptation challenges and the
associated warming pathways. SSP5 represents the highest climate risks

Table 3
Behavior reproduction test.
Mean STD RMSE R? MAPE MAE/Mean

Sales price (AU$) 497,747.2 123,387.5 41,063.98 0.97 0.060 0.064
Rent price (AUS$) 16,535.3 2410.2 1292.54 0.89 0.056 0.058
Number of owners 5,824,104.9 330,183.1 68,800.67 0.97 0.009 0.009
Number of tenants 2,665,633.0 249,297.1 81,110.58 0.98 0.028 0.028
Homelessness (%) 0.00468 0.00017 0.00002 0.99 0.005 0.004
Supply 192,020.9 30,680.6 1,653,668.2 0.82 0.069 0.068
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Fig. 2. Behavior reproduction test. (a) Sales price. (b) Rent price. (¢) Number of owners. (d) Number of tenants. (e) Homelessness. (f) Supply.

and therefore forms the upper bound of premiums, while SSP1 repre-
sents the lowest climate risk pathway and defines the lower bound. To
assess the robustness of this assumption, we also evaluated alternative
trajectories through targeted interventions that adjust insurance pre-
miums and tested the sensitivity of model outputs to these exogenous
inputs.

In the SSP database, the disposable income of households is not
explicitly calculated. Instead, GDP and the Gini coefficient are utilized
for calculation. To determine average disposable income within this
context, we initially employ GDP data (Dellink et al., 2017) and the
elasticity between GDP and average disposable income in Australia
(Botev et al., 2022; Causa et al., 2014) as given in eq. (9):

Aln(Disposable Income) = yAln(GDP) 9
where y denotes the elasticity between GDP and average disposable
income, which is set as 0.178. Regarding the distribution of disposable
income and its standard deviation, we assume that disposable income
follows a lognormal distribution. The standard deviation of the dispos-
able income distribution (¢') is calculated using the Gini coefficient data

for the given scenarios (Rao et al., 2019), based on previous studies
(Chen et al., 2010; Nishino & Kakamu, 2011) as given in eq. (10):

, _ 1
J =2 <G%> 10
where G represents the Gini coefficient, and ¢ denotes the cumulative
distribution function (CDF) of the standard normal distribution.

4. Results
4.1. Supply and demand trajectories

Fig. 4 illustrates the interplay between demand and supply dynamics
within the housing market across the five SSPs. These dynamics may
result in either a market bust with reduced prices, as observed in SSP2,
SSP3, SSP4, and SSP5, or a balanced market, as seen in SSP1. Population
growth serves as the primary driver of demand, resulting in increased
total demand and upward pressure on housing prices. However, as pri-
cesrise, supply gradually neutralizes the impact of population growth on
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Table 4

Description of scenarios.
Scenario  Scenario name Challenge to Challenge to Population  Disposable GINI Insurance Productivity Urban land

mitigation adaptation income index premiums growth area
SSP1 Sustainability Low Low +40% +(8-9)% -2% +(12-13)% +29% +6.9%
SSP2 Middle of the Medium Medium +38% +(6-8)% +1% +(14-15)% +25% +30%
road

SSP3 Regional rivalry ~ High High +13% +(2-49)% +6% +(14-16)% +10% +8%
SSP4 Inequality Low high +32% +(8-9)% +7% +(13-19)% +21% +29%
SSP5 Fossil-fueled High low +64% +(11-12)% -2% +(17-18)% +41% +54%

the market. This gradual supply response stems from construction delays
which contribute to boom-and-bust cycles (Wang, 2019). The point at
which prices level off, in conjunction with land availability, determines
whether supply can adequately meet the growing demand.

Fig. 4a and b show the trajectories of sales and rent prices across the
five SSPs. We discuss key changes relative to the 2020 baseline to
interpret these trajectories. Under SSP5, rapid population growth leads
to the steepest early price escalation, with sales price increasing by
approximately 150% and rent by 93% by 2037. However, extensive land
development and delayed supply response reverse this trajectory,
resulting in more moderate increases of 43% in sales price and 17% in
rent by 2050 relative to the baseline. SSP1 also exhibits notable price
growth, but limited land development constrains supply, causing prices
to level off; sales and rent prices rise by roughly 76% and 40% by 2050,
respectively. SSP2 and SSP4 have similar population trajectories to SSP1
but allow for greater land development, enabling supply to exceed de-
mand after an initial price rise. Sales and rent prices rise by roughly 44%
and 23%, by 2030 in SSP2, respectively, and by 28% and 17% by 2027 in
SSP4, after which prices decline sharply. By 2050, both sales and rent
prices decline by approximately 45% under SSP2 and 60% under SSP4
relative to the baseline. SSP3 shows the most substantial decline, with
increases of less than 1% followed by decreases of approximately 80%
by 2050.

The housing market is composed of rental and ownership markets,
while the dynamics between these two markets are governed by (i) the
ownership-cost-to-rent ratio, and (ii) the rental yield (rent-to-sales-price
ratio). In SSP2, SSP3, and SSP4, there is a pronounced rate of increase in
these ratios due to reduced prices and improved affordability, leading to
a surge in demand within the ownership market. Subsequently, an in-
crease in the ownership-cost-to-rent ratio makes the rental market more
attractive for households, as depicted in Fig. 4c, and leads to a shift in
demand from ownership to rental. Simultaneous to this demand shift,
the rental yield levels off toward a more intense demand and supply
imbalance in the rental market, as shown in Fig. 4d. In other words, the
rental yield decreases, but this decrease is slowed down by the rise in the
ownership-cost-to-rent ratio. Notably, in SSP1 and SSP5, where the
ownership-cost-to-rent ratio rises at a slower rate, the rental yield levels
off later than scenarios such as SSP3. Eventually, when the imbalance in
both markets equalizes, the rental yield starts to increase, leading a shift
of supply to the rental market.

4.2. Impact of intervention mechanisms

Fig. 5 illustrates how intervention mechanisms, such as rising in-
surance premiums, affect housing market dynamics. The intervention
mechanisms raise the ownership-cost-to-rent ratio through increasing
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Fig. 4. Market behavior. (a) Sales price. (b) Rent price. (¢) Ownership-cost-to-rent ratio. (d) Rental yield.

the ownership costs, which in turn leads households to the rental mar-
ket. Fig. 5a to 5e show that this shift in demand results in increased
demand burden in the rental market and decreased demand burden in
the ownership market, leading to an increase in the rental yield. Fig. 5g
to 5k demonstrate that higher growth in ownership costs across all so-
cioeconomic pathways intensifies the demand shift from the ownership
market to the rental market, resulting in an increased ratio of tenants to
owners. The impacts of intervention mechanisms on households display
three consistent features across SSPs: market responses are non-linear,
heterogeneous, and characterized by tipping points. The patterns
observed in Fig. 5f and summarized in Table A1 highlight the sensitivity
of housing market dynamics to changes in annual ownership costs
growth.

First, increasing annual ownership costs growth leads to a non-linear
market response. Rental yields remain largely unchanged under small
cost increases but rise sharply once growth in ownership costs exceeds
threshold values, with elasticities ranging from approximately 2% to 5%
across SSPs in Table Al. Threshold values vary modestly between sce-
narios; in SSP1, SSP2, and SSP5, sharp increases in rental yields emerge
when annual ownership costs growth surpasses around 3%, whereas in
SSP3 and SSP4 similar accelerations occur at approximately 1.5%. This
non-linearity may stem from households' reluctance to change tenure
type, a market elasticity due to transaction costs associated with mov-
ing, which discourage frequent relocation in response to minor fluctu-
ations in income or housing price (Raya & Garcia, 2012).

Second, the impacts of higher ownership costs growth are hetero-
geneous across households. After rental yields cross the relevant
threshold, the elasticity of maximum rental yield with respect to
ownership costs growth remains relatively stable and does not fluctuate
markedly at higher growth rates. This pattern reflects a segment of
homeowners who are minimally affected by extreme increases in
ownership costs. These households include those without mortgage
debt, as well as those exhibiting rigid demand due to strong and
persistent preferences for homeownership regardless of price (Wang,

2018).

Third, the interaction of non-linearity and heterogeneity gives rise to
tipping points in tenure behavior. Once ownership cost growth exceeds
the relevant threshold, demand shifts abruptly toward rental tenure.
Under SSP3, for example, a 5% annual increase in ownership costs
nearly doubles the tenant-to-owner ratio within a decade relative to the
baseline, as depicted in Fig. 5i. After crossing the tipping point, the
market settles into a new equilibrium characterized by distinctly
different tenure shares and rental yields. These dynamics imply a form of
irreversibility, as the new and previous equilibrium points differ sub-
stantially across core indicators, including tenure type and rental yields.

Fourth, these features are consistent across SSPs, showing that fac-
tors such as transaction costs and persistent preferences for homeown-
ership operate similarly across SSPs. However, the sensitivity of tenure
type and rental yield trajectories to intervention mechanisms depends
on the degree of imbalance between rental and ownership markets.
Scenarios with relatively small differences in imbalance intensity be-
tween the two markets, such as SSP3 in Fig. 4d, exhibit stronger in-
creases in the rental market relative to the ownership market.
Conversely, scenarios with larger imbalance differentials, such as SSP1
and SSP5, are less sensitive to demand shifts.

4.3. Social outcomes of the housing market

To examine social outcomes of the housing market under climate
change, we analyze four indicators: the income-to-ownership-cost ratio
(ownership affordability), the income-to-rent ratio (rental affordability),
the potential share of informal housing, and the potential for experi-
encing homelessness, as depicted in Fig. 6.

Ownership affordability declines most abruptly in scenarios char-
acterized strong early price pressures and limited supply responsiveness.
Fig. 6a and Table A2 show that ownership affordability falls steeply
under SSP5, reaching 50% of its 2020 baseline by 2036. Although it
subsequently recovers, it remains 18% below baseline by 2050. SSP1
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exhibits a similar but less severe pattern: ownership affordability drops
to 69% of the baseline in 2036 and stabilizes at approximately 74% by
2050. In SSP2, SSP3, and SSP4, ownership affordability initially declines
by 22% in 2030, 2% in 2022, and 16% in 2028, respectively, before
rising sharply and increasing by 53%, 143%, and 84% relative to the
baseline by 2050.

Rental affordability exhibits a similar pattern, paralleling the trend
in ownership affordability but with a steeper early decline, as shown in
Fig. 6b and Table A2. Under SSP5, rental affordability falls to roughly
45% of its 2020 baseline by 2036 before rebounding to nearly 97% by
2050. SSP1 also experiences an initial decline to around 77% of baseline,
followed by a recovery to approximately 85% by 2050. In SSP2, SSP3,

10

and SSP4, rental affordability initially falls by 16% in 2030, less than 1%
in 2022, and 9% in 2028, before rising substantially by 2050, increasing
by 109%, 450%, and 182% relative to the baseline, respectively.

The potential share of informal housing generally declines across
scenarios, except under SSP5, where reduced affordability modestly
increases informality. Fig. 6¢ shows that under SSP5, affordability
pressures marginally raise the likelihood of informal housing among
low-income households, although the increase remains small, peaking at
less than 1% above baseline in 2021. In contrast, the potential share of
informal housing declines in SSP1, SSP2, SSP3, and SSP4, as high prices
relative to construction costs result in supply growth outpacing popu-
lation growth. These outcomes suggest that initial affordability
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pressures in these scenarios are driven mainly by changes in income and
housing costs rather than population growth, potentially reflecting
multi-property ownership, investment demand, or high vacancy rates.

While the overall trend shows an increase in the potential for expe-
riencing homelessness across all SSPs, the intensity and timing of peaks
differ. Fig. 6d shows that under SSP1, homelessness peaks in 2036 at
104% above 2020 baseline levels, and then declines to 90% above
baseline by 2050. SSP2 peaks in 2030 with a 55% increase before
declining to 38% below baseline by 2050. SSP3 shows a peak of less than
1% above baseline in 2022, before declining to 38% below baseline by
2050. SSP4 peaks in 2028 with a 33% increase before declining to 40%
below baseline by 2050. SSP5 records the most severe peak, rising by
442% in 2036 before declining to 14% above baseline by 2050.

These trajectories in the social outcomes of the housing market un-
derscore three central insights. First, parallel declines in ownership and
rental affordability, alongside rising homelessness, highlight the broad
exposure of both owners and tenants to market dynamics. Second, tra-
jectories of affordability, informal housing, and homelessness are pri-
marily shaped by changes in housing costs rather than by income.
Table A3 shows that although incomes rise between 3% and 11% across
SSPs between 2020 and 2050, changes in rents, which range from a
decline of 47% to an increase of 40%, and changes in sales prices, which
range from a decline of 84% to an increase of 43%, dominate afford-
ability outcomes. Third, these results exhibit the importance of consid-
ering the social outcomes of the housing market when interpreting SSPs.
For example, under SSP5, despite the highest average income growth
and a reduction in the Gini Index, rapid population growth leads to
demand that exceeds supply, producing the most severe affordability
losses and the largest homelessness peak. Similarly, SSP1 results in
declining affordability and persistent homelessness despite income
growth and a reduction in the Gini Index.

11

4.4. Social outcomes across income groups

The mean values of these ratios may not represent the extent and
varied experience of the impacted population, especially the most
vulnerable groups. To gain a more nuanced perspective on income dis-
parities and their interaction with different SSPs in the face of climate
change, Fig. 7 presents the average of the third quintile and the
boundary delineating the disparity between the average affordability of
households in the first quintile, which represents low-income house-
holds, and the fifth quintile, which represents high-income households.

As displayed in Fig. 7, in the case of SSP2, SSP3, and SSP4, both low
and high-income households experience enhanced affordability along
these pathways. However, the gap widens in terms of rental and
ownership affordability between low-income and high-income house-
holds, exacerbating existing inequities. This divergence is most pro-
nounced in SSP3. Conversely, under SSP1 and SSP5, where both rental
and ownership affordability decrease, the disparity between income
groups is less pronounced until 2035. For example, in SSP5, the disparity
is 45% of its 2020 level in ownership affordability, and 50% for rental
affordability. In SSP1, these figures are 65% and 70%, respectively. This
reduced disparity occurs because the affordability of high-income
households decreases more compared to low-income households. Sub-
sequently, affordability remains relatively stable under SSP1, while
there is a rebound in affordability for SSP5, while the gap between in-
come groups is still less pronounced, i.e., 70% of its 2020 level for
ownership and 85% of its 2020 level for rental.

4.5. Social outcomes of intervention mechanisms

We further examine the social outcomes associated with intervention
mechanisms, including rising insurance premiums, tax rates, and
mortgage rates. Fig. 8 exhibits how interventions worsen both afford-
ability and homelessness relative to the baseline pathways. As illustrated
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SSP3. (d) Income-to-ownership-cost ratio under SSP4. (e) Income-to-ownership-cost under SSP5. (f) Divergence between high-income and low-income households'
ownership affordability. (g) Income-to-rent ratio under SSP1. (h) Income-to-rent ratio under SSP2. (i) Income-to-rent ratio under SSP3. (j) Income-to-rent ratio under
SSP4. (k) Income-to-rent ratio under SSP5. (1) Divergence between high-income and low-income households' rental affordability.
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Fig. 8. Social outcomes of interventions - Increasing ownership cost (0.5%, 1%, 1.5%, 2%, 3%, 5%, 7%, 10%, 15%, 25%). (a) Income-to-rent ratio trends
under SSP1. (b) Income-to-rent ratio trends under SSP2. (¢) Income-to-rent ratio trends under SSP3. (d) Income-to-rent ratio trends under SSP4. (e) Income-to-rent
ratio trends under SSP5. (f) Sensitivity of income-to-rent ratio toward ownership cost growth. (g) Homelessness trends under SSP1. (h) Homelessness trends under

SSP2. (i) Homelessness trends under SSP3. (j) Homelessness trends under SSP4.

ownership cost growth.

in Fig. 8f and 1, and summarized in Table A1, SSP1 and SSP5 exhibit the
strongest sensitivities to intervention mechanisms. For example, under
SSP5, a modest intervention of 0.5% annual growth in ownership costs
results in a 16% increase in homelessness relative to the baseline and a
15% decline in rental affordability. Even under SSP2, SSP3, and SSP4,
homelessness increases and rental affordability declines, although these
effects are more moderate than those observed under SSP1 and SSP5.
This observation is primarily due to the demand shifts imposed on so-
ciety, which can lead to increased financial burdens for households and
potentially result in vulnerable populations experiencing homelessness.
Moreover, more intense interventions can push the housing market
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(k) Homelessness trends under SSP5. (1) Sensitivity of homelessness toward

closer to failure in terms of its social outcomes.
5. Discussion

We extend the application of shared socioeconomic pathways (SSPs)
to show the divergent social outcome of the housing market. The find-
ings demonstrate that the housing market can amplify climate-related
stress rather than acting as a passive endpoint. Two broad insights
emerge. First, we extend our understanding of the collapse of social
systems driven by the failure of markets to supply affordable housing.
This pattern aligns with evidence that Australian housing dynamics are
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shaped by slow responses arising from planning delays, construction
lags, and spatial mismatches (AHURI, 2017; Productivity Commission,
2025). Across all SSPs, changes in housing costs have a more significant
impact on affordability than changes in household income. In our
analysis, even under SSP1 and SSP5, that represent favorable macro-
economic conditions and reduced inequality, market dynamics can lead
to adverse social outcomes. For example, in SSP5, which represents
rapid economic growth (Riahi, van Vuuren, Kriegler, Edmonds, O'Neill,
Fujimori, Bauer, Calvin, Dellink, Fricko, Lutz, et al., 2017b), high in-
come growth and a declining Gini index are insufficient to offset
affordability losses arising from the housing market dynamics. Similarly,
SSP1, the green-road scenario, exhibits affordability pressures and
elevated homelessness despite its emphasis on economic growth and
human well-being (Riahi, van Vuuren, Kriegler, Edmonds, O'Neill,
Fujimori, Bauer, Calvin, Dellink, Fricko, Lutz, et al., 2017b). This
observation extends empirical evidence showing that sustainability-
oriented transitions do not automatically resolve housing vulnerabil-
ities (Garcia-Lamarca et al., 2021). Our results also highlight the
disproportionate distribution of affordability stress across income
groups. Although overall affordability improves in SSP2, SSP3, and
SSP4, high-income households benefit more than low-income house-
holds, widening disparities over time.

Our results highlight the need for integration of the housing market
dynamics and climate mitigation and adaptation policy. Macroeconomic
improvements alone cannot ensure favorable social outcomes of the
housing market when affordability is driven primarily by housing cost
dynamics. Policies, therefore, need to target the drivers of housing costs,
including the use of price growth caps in high-pressure markets,
reducing construction times to accelerate supply, using density bonuses
to expand housing options, and adopting adaptive zoning systems that
respond to real-time indicators such as affordability thresholds and de-
mand surges.

Second, we extend the understanding of housing market behavior
under a range of intervention mechanisms. Across all SSPs, interventions
that increase ownership costs lead to nonlinear and heterogeneous re-
sponses with reference to the tipping points. These responses arise from
transaction costs (Raya & Garcia, 2012) and rigid demand (Wang,
2018). The observed patterns are consistent with bifurcated regime
dynamics, in which systems respond gradually until a critical threshold
is crossed, after which dynamics shift abruptly (Scheffer et al., 2003).
Crossing these thresholds pushes the housing market into new equilib-
rium states marked by rapid increases in rental demand, higher rental
yields, and declining rental affordability. Comparable dynamics have
been documented in past crises where sudden demand shifts triggered
cascades of foreclosures, disinvestment, and system-wide instability, for
example in the 2008 financial crisis (Immergluck, 2009). Our results
show that interventions intended to stabilize prices and pool risks in
response to climate threats (Jarzabkowski et al., 2019) can counter-
productively deepen social inequities by reducing rental affordability
and increasing homelessness. This outcome aligns with emerging evi-
dence that insurance-related cost increases are becoming a dominant
driver of housing costs under climate change in Australia (Climate
Council of Australia, 2022).

These results highlight the need for intervention mechanisms that
are carefully calibrated to avoid triggering nonlinear tenure shifts or
worsening social outcomes. Relevant policies include government-
backed reinsurance schemes, premium caps for disadvantaged house-
holds, and early warning indicators to monitor proximity of the housing
market trajectories to tipping points (Ayub et al., 2020).

6. Conclusions

We extend the study of housing market behavior to extreme contexts
resulting from exogenous disruptions associated with climate change,
including higher insurance premiums. Our analysis uses shared socio-
economic pathways (SSPs), which represent distinct combinations of
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socioeconomic challenges related to mitigation and adaptation at both
the country level and household level across different socioeconomic
groups. We explore a nuanced perspective on the social outcomes of
SSPs and intervention mechanisms in the housing market, focusing on:
(i) the housing affordability crisis, and (ii) its vulnerability.

The intensity of the housing crisis is measured through affordability
indicators. Vulnerability is a concept that encompasses exposure and
system sensitivity to potential impacts (Adger, 2006). In this context, it
refers to the sensitivity of social costs associated with climate change
risks. Our analysis of SSPs in relation to these challenges reveals distinct
patterns. The sustainability (SSP1) and fossil-fueled scenarios (SSP5) are
characterized by high levels of both housing affordability crisis and
vulnerability, while the middle-of-the-road (SSP2) and inequality sce-
narios (SSP4) display moderate levels of housing affordability crisis and
vulnerability. In contrast, the regional-rivalry scenario (SSP3) demon-
strates relatively low levels of housing affordability crisis and vulnera-
bility under unprecedented conditions.

A consistent pattern across all SSPs indicates that individuals within
the rental market disproportionately experience housing unaffordability
compared to those in the ownership market. This variation in market
dynamics not only affects rental versus ownership markets but also leads
to disparities between low-income and high-income households.
Notably, even in scenarios where overall affordability improves, such as
SSP2, SSP3, and SSP4, the gap between low- and high-income house-
holds widens. Additionally, intervention mechanisms aimed at reducing
these disparities may lead to unintended social outcomes, including
reduced housing affordability and an increased rate of homelessness.
The impacts of such interventions exhibit non-uniform and non-linear
behavior, often reaching a tipping point that shifts market demand.
Once these tipping points are exceeded, socioeconomic factors can
trigger forced migrations as they surpass the system's capacity to adapt
(e.g., Marotzke et al., 2020).

Our findings advance theoretical understanding of just urban resil-
ience by empirically demonstrating how climate, economic, and social
dynamics interact to shape pathways toward housing justice
(Diezmartinez & Short Gianotti, 2024; Tao et al., 2025). We demonstrate
that future developments of the SSPs need to examine housing dynamics
as an active driver of social outcomes under climate change rather than
as a passive endpoint. By exploring disparate social outcomes, our
analysis contributes to understanding of urban resilience through the
housing system (Meerow & Newell, 2019) and advances the distribu-
tional dimension of justice by showing how disadvantaged groups are
disproportionately affected (Meerow et al., 2019). The varying impacts
of climate pathways through the housing market also highlight chal-
lenges for achieving just housing outcomes (e.g., Culwick Fatti, 2022)
and underscore the need to benchmark social outcomes of the housing
market within climate change policy design and intervention mecha-
nisms to ensure responsive and equitable adaptation (e.g., Swanson,
2025). In the face of unprecedented changes in climate, understanding
the potential social ramifications of interventions is crucial for devel-
oping effective contextual responses to promote a more equitable
housing market.

Our findings translate into practice by informing the design of tar-
geted policy responses to the housing affordability crisis under climate
change. Effective policies need to address the drivers of housing costs
while avoiding the triggering of nonlinear shifts associated with tipping
points. Relevant policy levers operate across market, regulatory, and
land-use domains. On the demand side, regulatory and market-based
instruments, such as price-growth caps in high-pressure markets and
insurance or cost-premium caps for disadvantaged households, can
mitigate affordability pressures. On the supply side, reducing con-
struction timelines can accelerate housing delivery, while land-use
policies, including density bonuses for affordable housing and adap-
tive zoning, can expand supply and limit housing cost escalation. All
such policies require continuous calibration and should be supported by
early-warning systems capable of detecting emerging tipping points in
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housing market dynamics, thereby enabling timely policy adjustment
and the avoidance of nonlinear market responses.

While this study focuses on Australia, its findings have broader im-
plications for the dynamics of other housing markets in the face of
climate change and housing crises. Although model inputs will vary for
other housing markets, the model can be adapted for different areas. The
results inform targeted intervention policies to support vulnerable
populations and address the exacerbation of inequities in the housing
market. Such analysis can also inform preparedness for a wider range of
scenarios to avoid unintended consequences in the form of migration
(Bangura & Lee, 2023), increasing inequality, and adverse impacts on
vulnerable populations.

The primary objective of our top-down approach is to translate
climate scenarios into broader social outcomes within the housing
market under extreme conditions induced by climate change. We use
macroeconomic models grounded in the asset-price approach to explore
the extent of the housing affordability crisis and the impacts of national
intervention mechanisms, such as taxation and social housing at both
the country level and household level across different socioeconomic
groups. Regional-level studies can be developed by integrating internal
migration models, such as gravity models (Reimann et al., 2023), into
our model to capture local variations and differences in social outcomes
across different areas.

Our macroeconomic model is calibrated using historical data and
market behaviors, integrating the impact of heterogeneous behavioral
responses (Bakkensen & Ma, 2020), climate change perception
(Bernstein et al., 2019; Gallagher, 2014), social interactions (Hu, 2022),
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and attitudes toward wealth accumulation and market financialization.
However, the model does not consider behaviors beyond historical
human experiences. Specifically, while it accounts for market trends
toward financialization and household tenure changes driven by risk
perception, these behaviors are based on historical data. In addition to
exploring the impact of emergent behaviors, future research could
extend this by exploring the pricing strategies of insurance premiums
and their local impacts (DellaVigna & Gentzkow, 2019).
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Fig. Al illustrates the rental affordability distributions across HILDA survey waves. The raw income-to-rent ratios in 2006, 2011, 2016, and 2021
are highly right-skewed, as shown in Fig. A1 a-d. However, applying a logarithmic transformation, as shown in Fig. Ale-h, yields more symmetric
distributions. This comparison suggests that rental affordability is well approximated by a lognormal distribution and shows that the broad distri-

butional shape of affordability has remained relatively stable over time
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Fig. Al. Distribution of rental affordability across HILDA survey waves. (a-d) report the distribution of tenants' income-to-rent ratios for survey years 2006,
2011, 2016, and 2021, respectively. (e-h) present the corresponding distributions on a logarithmic scale for the same four survey waves (2006, 2011, 2016,

and 2021).
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Table A1l presents the sensitivity of rental yields, homelessness rates, and rental affordability to alternative annual ownership cost growth scenarios
under SSP1 to SSP5, expressed as percentage deviations from their 2020 baselines and as elasticities

Table Al
Sensitivity of rental yields, homelessness, and rental affordability to annual ownership cost growth under SSP1-SSP5.

Scenarios Annual ownership cost growth (%) Rental yield Homelessness rate Rental affordability
Change percentage Elasticity Change percentage Elasticity Change percentage Elasticity
SSP1 0.5 0 0 5.5 10.99 -18.78 —37.57
1.5 0 0 19.78 13.19 —28.58 —19.06
3 0 0 82.96 27.65 —40 —-13.33
7 16.89 2.41 348.06 49.72 —54.97 -7.85
10 28.7 2.87 484.47 48.45 —58.87 —5.89
15 36.28 2.42 586.78 39.12 —61.16 —4.08
25 39.06 1.56 629 25.16 —61.99 —2.48
SSP2 0.5 0 0 5.25 10.51 -12.81 —25.61
1.5 0 0 11.83 7.88 —22.34 —14.89
3 0 0 23.62 7.87 —-32.87 —10.96
7 25.14 3.59 59.56 8.51 —48.14 —6.88
10 35.1 3.51 81.22 8.12 —53.04 -5.3
15 41.69 2.78 100.11 6.67 —56.21 -3.75
25 44.18 1.77 108.98 4.36 —57.42 -2.3
SSP3 0.5 0 0 3.38 6.76 —-8.07 -16.14
1.5 0 0 4.06 2.71 —-15.5 —10.33
3 12.09 4.03 5.37 1.79 —24.11 —8.04
7 38.06 5.44 9.87 1.41 —36.65 —5.24
10 48.08 4.81 12.67 1.27 —40.6 —4.06
15 54.93 3.66 15.05 1 —43.24 —2.88
25 57.53 2.3 16.11 0.64 —44.29 -1.77
SSP4 0.5 0 0 3.21 6.42 —11.43 —22.86
1.5 0 0 7.36 4.91 —20.48 —13.65
3 1.77 0.59 14.75 4.92 —30.47 -10.16
7 29.03 4.15 36.57 5.22 —44.75 —6.39
10 38.92 3.89 49.4 4.94 —49.36 —4.94
15 45.47 3.03 60.87 4.06 —52.41 -3.49
25 47.94 1.92 66.32 2.65 —53.61 -2.14
SSP5 0.5 0 0 16.76 33.51 —15.04 —30.09
1.5 0 0 35.64 23.76 —25.34 -16.9
3 0 0 69.25 23.08 —36.99 -12.33
7 19.52 2.79 165.03 23.58 —53.86 -7.69
10 30.67 3.07 214.31 21.43 —58.63 —5.86
15 37.7 2.51 251.34 16.76 —61.35 —4.09
25 40.22 1.61 266.34 10.65 -62.3 —2.49

Table A2 summarizes key changes in four social outcomes, expressed as percentage deviations from their 2020 baselines under SSP1 to SSP5. For
each outcome, the percentage change in 2050 and the extreme percentage change over the projection period are reported

Table A2
Divergence in long-term social outcomes across SSP1-SSP5.
Social outcome Year SSP1 SSP2 SSP3 SSP4 SSP5
Ownership affordability Change (%) —26.11 52.65 (2050) 142.54 (2050) 83.62 (2050) —17.50 (2050)
(year) (2050)
Extreme (%) —30.90 —22.33 (2030) —2.18 (2022) —15.55 (2028) —50.07 (2036)
(year) (2036)
Rental affordability Change (%) —15.01 109.03 (2050) 450.24 (2050) 182.08 (2050) —3.35 (2050)
(year) (2050)
Extreme (%) —23.43 —15.89 (2029) —0.26 (2021) —9.72 (2026) —44.69 (2036)
(year) (2034)
Share of informal housing Change (%) —5.20 —4.72 (2050) —1.00 (2050) —3.94 (2050) —8.56 (2050)
(year) (2050)
Extreme (%) —0.04 —0.04 (2021) —0.09 (2021) —0.05 (2021) 0.03 (2021)
(year) (2021)
Homelessness rate Change (%) 90.49 —38.04 (2050) —37.67 (2050) —39.98 (2050) 13.72 (2050)
(year) (2050)
Extreme (%) 104.43 54.87 (2030) 1.02 (2021) 32.83(2027) 442.73 (2036)
(year) (2036)

Table A3 reports percentage changes in household income, rent prices, sales prices, rental affordability, and ownership affordability for each SSP
between 2020 and 2050. Log-change decompositions quantify the contribution of income and housing costs to changes in affordability, allowing a
consistent comparison of how shifts in housing costs and income levels shape both rental and ownership outcomes across scenarios
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Table A3
Decomposition of changes in affordability under SSPs.
Indicator Component SSP1 SSP2 SSP3 SSP4 SSP5
A Income (%) 8.21 6.83 3.43 8.31 10.56
A Rent price (%) 40.16 —47.37 —81.41 —61.13 17.42
A Sales price (%) 75.99 —43.46 —84.16 —60.74 43.19
A Rental affordability (%) —15.01 109.03 450.24 182.08 -3.35
A Ownership affordability (%) —26.11 52.65 142.54 83.62 -17.5
Contribution to Aln(Ownership affordability) Income —0.26 0.16 0.04 0.13 —0.52
Ownership cost 1.26 0.84 0.96 0.87 1.52
Contribution to Aln(Rental affordability) Income -0.31 0.09 0.02 0.08 -1.67
Rent 1.31 0.91 0.98 0.92 2.67

Data availability

All datasets are publicly available, with detailed descriptions pro-
vided in the Data Collection Section. The model is developed in Any-
Logic software. The Java code necessary to reproduce the results is
available in a public GitHub repository (https://github.
com/PH-Code-hub/Stock Flow Dynamic.git) and Zenodo (doi:
https://doi.org/10.5281/zenodo.11526448).

References

Actuaries Institute. (2022). Home insurance affordability and socioeconomic equity in a
changing climate. https://www.actuaries.asn.au/public-policy-and-media/our-tho
ught-leadership/reports/home-insurance-affordability-and-socioeconomic-equity-in
-a-changing-climate.

Adger, W. N. (2006). Vulnerability. Global Environmental Change, 16(3), 268-281.

Ahmad, S., Munir, F., Avtar, R., Sowgat, T., Kundu, D., & Wang, Y. P. (2025). Housing
adequacy in Delhi, Dhaka and Karachi: Strategies for promoting sustainable and
inclusive housing. Cities, 160, Article 105779. https://doi.org/10.1016/j.
cities.2025.105779

AHURI. (2017). Housing supply responsiveness in Australia: Distribution, drivers and
institutional settings.

Andrew, B. (2008). Market failure, government failure and externalities in climate
change mitigation: The case for a carbon tax. Public Administration and Development:
The International Journal of Management Research and Practice, 28(5), 393-401.

Andrews, D., Sanchez, A. C., & Johansson, A. (2011). Housing markets and structural
policies in OECD countries.

Ashuri, B., Shahandashti, S. M., & Lu, J. (2012). Empirical tests for identifying leading
indicators of ENR construction cost index. Construction Management and Economics,
30(11), 917-927.

Aurand, A. (2010). Density, housing types and mixed land use: Smart tools for affordable
housing? Urban Studies, 47(5), 1015-1036. https://doi.org/10.1177/
0042098009353076

Ayub, B., Naderpajouh, N., Boukamp, F., & McGough, T. (2020). Housing market bubbles
and urban resilience: Applying systems theory. Cities, 106, Article 102925.

Bakkensen, L. A., & Ma, L. (2020). Sorting over flood risk and implications for policy
reform. Journal of Environmental Economics and Management, 104, Article 102362.
https://doi.org/10.1016/j.jeem.2020.102362

Baldauf, M., Garlappi, L., & Yannelis, C. (2020). Does climate change affect real estate
prices? Only if you believe in it. The Review of Financial Studies, 33(3), 1256-1295.
https://doi.org/10.1093/rfs/hhz073

Bangura, M., & Lee, C. L. (2023). Spatial connectivity and house price diffusion: The case
of greater Sydney and the regional cities and centres of new south wales (NSW) in
Australia. Habitat International, 132, Article 102740. https://doi.org/10.1016/j.
habitatint.2022.102740

Batterham, D., Nygaard, C., Reynolds, M., & De Vries, J. (2021). Estimating the population
at-risk of homelessness in small areas. AHURI. Final Report No. 370, Issue htt
ps://www.ahuri.edu.au/research/final-reports/370.

Battiston, S., Mandel, A., Monasterolo, I., Schiitze, F., & Visentin, G. (2017). A climate
stress-test of the financial system. Nature Climate Change, 7(4), 283-288.

Bernstein, A., Gustafson, M. T., & Lewis, R. (2019). Disaster on the horizon: The price
effect of sea level rise. Journal of Financial Economics, 134(2), 253-272. https://doi.
org/10.1016/j.jfineco.2019.03.013

Black, R., Bennett, S. R. G., Thomas, S. M., & Beddington, J. R. (2011). Migration as
adaptation. Nature, 478(7370), 447-449. https://doi.org/10.1038/478477a

Botev, J., Egert, B., & Turner, D. (2022). The effect of structural reforms: Do they differ
between GDP and adjusted household disposable income?.

Bruhn, S., Sacchi, R., Horup, L., Zindel, A., & Birkved, M. (2025). Historical and future
LCA insights on tiny houses vs conventional housing typologies in Denmark. Energy
and Buildings, 346, Article 116172. https://doi.org/10.1016/j.enbuild.2025.116172

Biichler, S., Ehrlich, M.v., & Schoni, O. (2021). The amplifying effect of capitalization
rates on housing supply. Journal of Urban Economics, 126, Article 103370.

Biichler, S., & Lutz, E. (2024). Making housing affordable? The local effects of relaxing
land-use regulation. Journal of Urban Economics, 143, Article 103689. https://doi.
0rg/10.1016/j.jue.2024.103689

Biichler, S. C., Niu, D., Thompson, A. K., & Zheng, S. (2023). The impact of human capital
and housing supply on urban growth. Urban Studies, 61(2), 214-230. https://doi.
org/10.1177/00420980231182074

Cao, Z., Myers, R. J., Lupton, R. C., Duan, H., Sacchi, R., Zhou, N., ... Liu, G. (2020). The
sponge effect and carbon emission mitigation potentials of the global cement cycle.
Nature Communications, 11(1), 3777. https://doi.org/10.1038/s41467-020-17583-w

Causa, O., Araujo, S., Cavaciuti, A., Ruiz, N., & Smidova, Z. (2014). Economic growth from
the household perspective: GDP and income distribution developments across OECD
countries.

Chen, J., Dai, D., Pu, M., Hou, W., & Feng, Q. (2010). The trend of the Gini coefficient of
China. Brooks World Poverty Institute Working Paper(109).

Chen, R. J., Bloomfield, P., & Fu, J. S. (2003). An evaluation of alternative forecasting
methods to recreation visitation. Journal of Leisure Research, 35(4), 441-454.

Ciullo, A., Strobl, E., Meiler, S., Martius, O., & Bresch, D. N. (2023). Increasing countries’
financial resilience through global catastrophe risk pooling. Nature Communications,
14(1), 1-9.

Clark, K. S., & Miller, J. I. (2025). Effects of climate change on house prices in outdoor
tourism destinations: A case study of southwestern Colorado. Environmetrics, 36(3),
Article e70007. https://doi.org/10.1002/env.70007

Climate Council of Australia. (2022). Uninsurable nation: Australia’s most climate-
vulnerable places.

Compton, C. (2024). Adaptive landscapes: Planning, property, and informality under
climate change. Cities, 152, Article 105235. https://doi.org/10.1016/j.
cities.2024.105235

Costello, A., Abbas, M., Allen, A., Ball, S., Bell, S., Bellamy, R., ... Kett, M. (2009).
Managing the health effects of climate change: Lancet and University College
London Institute for Global Health Commission. The Lancet, 373(9676), 1693-1733.

Culwick Fatti, C. (2022). Towards just sustainability through government-led housing:
Conceptual and practical considerations. Current Opinion in Environmental
Sustainability, 54, Article 101150. https://doi.org/10.1016/j.cosust.2022.101150

Dafermos, Y., Nikolaidi, M., & Galanis, G. (2017). A stock-flow-fund ecological
macroeconomic model. Ecological Economics, 131, 191-207.

DellaVigna, S., & Gentzkow, M. (2019). Uniform pricing in us retail chains. The Quarterly
Journal of Economics, 134(4), 2011-2084.

Dellink, R., Chateau, J., Lanzi, E., & Magné, B. (2017). Long-term economic growth
projections in the shared socioeconomic pathways. Global Environmental Change, 42,
200-214. https://doi.org/10.1016/j.gloenvcha.2015.06.004

Diezmartinez, C. V., & Short Gianotti, A. G. (2024). Municipal finance shapes urban
climate action and justice. Nature Climate Change, 14(3), 247-252. https://doi.org/
10.1038/s41558-024-01924-4

DiPasquale, D., & Wheaton, W. C. (1994). Housing market dynamics and the future of
housing prices. Journal of Urban Economics, 35(1), 1-27. https://doi.org/10.1006/
juec.1994.1001

Eguia, J. X., & Xefteris, D. (2024). Lognormal (re)distribution: A macrofounded theory of
inequality. European Economic Review, 170, Article 104863. https://doi.org/
10.1016/j.euroecorev.2024.104863

Epple, D., Gordon, B., & Sieg, H. (2010). A new approach to estimating the production
function for housing. American Economic Review, 100(3), 905-924.

Ferm, J., Clifford, B., Canelas, P., & Livingstone, N. (2021). Emerging problematics of
deregulating the urban: The case of permitted development in England. Urban
Studies, 58(10), 2040-2058. https://doi.org/10.1177/0042098020936966

Fischer, E., Sippel, S., & Knutti, R. (2021). Increasing probability of record-shattering
climate extremes. Nature Climate Change, 11(8), 689-695.

Freemark, Y. S. (2024). Politics in affordable housing provision: How partisan control of
local councils influences planning choices. Urban Studies, 62(5), 891-908. https://
doi.org/10.1177/00420980241267246

Fu, C., Deng, T., & Zhang, Y. (2023). Urban metabolic flow in China’s megacities doubled
by material stock accumulation since the 21st century. npj Urban Sustainability, 3(1),
52. https://doi.org/10.1038/542949-023-00132-x

Gallagher, J. (2014). Learning about an infrequent event: Evidence from flood insurance
take-up in the United States. American Economic Journal: Applied Economics, 6(3),
206-233. http://www.jstor.org/stable/43189495.

Gallin, J. (2008). The long-run relationship between house prices and rents. Real Estate
Economics, 36(4), 635-658.

17


https://github.com/PH-Code-hub/Stock_Flow_Dynamic.git
https://github.com/PH-Code-hub/Stock_Flow_Dynamic.git
https://doi.org/10.5281/zenodo.11526448
https://www.actuaries.asn.au/public-policy-and-media/our-thought-leadership/reports/home-insurance-affordability-and-socioeconomic-equity-in-a-changing-climate
https://www.actuaries.asn.au/public-policy-and-media/our-thought-leadership/reports/home-insurance-affordability-and-socioeconomic-equity-in-a-changing-climate
https://www.actuaries.asn.au/public-policy-and-media/our-thought-leadership/reports/home-insurance-affordability-and-socioeconomic-equity-in-a-changing-climate
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0010
https://doi.org/10.1016/j.cities.2025.105779
https://doi.org/10.1016/j.cities.2025.105779
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0020
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0020
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0025
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0025
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0025
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0030
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0030
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0035
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0035
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0035
https://doi.org/10.1177/0042098009353076
https://doi.org/10.1177/0042098009353076
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0045
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0045
https://doi.org/10.1016/j.jeem.2020.102362
https://doi.org/10.1093/rfs/hhz073
https://doi.org/10.1016/j.habitatint.2022.102740
https://doi.org/10.1016/j.habitatint.2022.102740
https://www.ahuri.edu.au/research/final-reports/370
https://www.ahuri.edu.au/research/final-reports/370
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0070
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0070
https://doi.org/10.1016/j.jfineco.2019.03.013
https://doi.org/10.1016/j.jfineco.2019.03.013
https://doi.org/10.1038/478477a
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0085
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0085
https://doi.org/10.1016/j.enbuild.2025.116172
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0095
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0095
https://doi.org/10.1016/j.jue.2024.103689
https://doi.org/10.1016/j.jue.2024.103689
https://doi.org/10.1177/00420980231182074
https://doi.org/10.1177/00420980231182074
https://doi.org/10.1038/s41467-020-17583-w
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0115
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0115
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0115
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0120
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0120
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0125
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0125
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0130
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0130
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0130
https://doi.org/10.1002/env.70007
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0140
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0140
https://doi.org/10.1016/j.cities.2024.105235
https://doi.org/10.1016/j.cities.2024.105235
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0150
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0150
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0150
https://doi.org/10.1016/j.cosust.2022.101150
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0160
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0160
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0165
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0165
https://doi.org/10.1016/j.gloenvcha.2015.06.004
https://doi.org/10.1038/s41558-024-01924-4
https://doi.org/10.1038/s41558-024-01924-4
https://doi.org/10.1006/juec.1994.1001
https://doi.org/10.1006/juec.1994.1001
https://doi.org/10.1016/j.euroecorev.2024.104863
https://doi.org/10.1016/j.euroecorev.2024.104863
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0190
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0190
https://doi.org/10.1177/0042098020936966
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0200
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0200
https://doi.org/10.1177/00420980241267246
https://doi.org/10.1177/00420980241267246
https://doi.org/10.1038/s42949-023-00132-x
http://www.jstor.org/stable/43189495
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0220
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0220

P. Habibi-Moshfegh et al.

Ganong, P., & Shoag, D. (2017). Why has regional income convergence in the U.S.
declined? Journal of Urban Economics, 102, 76-90. https://doi.org/10.1016/j.
jue.2017.07.002

Gao, J., & O’Neill, B. C. (2020). Mapping global urban land for the 21st century with
data-driven simulations and shared socioeconomic pathways. Nature
Communications, 11(1), 2302. https://doi.org/10.1038/s41467-020-15788-7

Garcia-Lamarca, M., Anguelovski, I., Cole, H., Connolly, J. J., Argiielles, L., Bard, F., ...
Shokry, G. (2021). Urban green boosterism and city affordability: For whom is the
‘branded’ green city? Urban Studies, 58(1), 90-112. https://doi.org/10.1177/
0042098019885330

Gennaioli, N., La Porta, R., Lopez De Silanes, F., & Shleifer, A. (2014). Growth in regions.
Journal of Economic Growth, 19(3), 259-309. https://doi.org/10.1007/s10887-014-
9105-9

Glaeser, E. L., Gyourko, J., & Saks, R. E. (2006). Urban growth and housing supply.
Journal of Economic Geography, 6(1), 71-89. https://doi.org/10.1093/jeg/1bi003

GlobalData. (2022). Rising insurance costs to make home insurance unaffordable in Australia
[data set]. GlobalData Ple. https://www.globaldata.com/media/insurance/rising-in
surance-costs-make-home-insurance-unaffordable-australia-finds-globaldata/.

Gourevitch, J. D., Kousky, C., Liao, Y., Nolte, C., Pollack, A. B., Porter, J. R., & Weill, J. A.
(2023). Unpriced climate risk and the potential consequences of overvaluation in US
housing markets. Nature Climate Change, 13(3), 250-257. https://doi.org/10.1038/
$41558-023-01594-8

Groenhart, L., & Burke, T. (2014). What has happened to Australia's public housing?
Thirty years of policy and outcomes, 1981 to 2011. Australian Journal of Social Issues,
49(2), 127-149. https://doi.org/10.1002/j.1839-4655.2014.tb00305.x

Gurran, N, Pill, M., & Maalsen, S. (2020). Hidden homes? Uncovering Sydney’s informal
housing market. Urban Studies, 58(8), 1712-1731. https://doi.org/10.1177/
0042098020915822

Hao, H., & Wang, Y. (2024). The emerging “evident” role of climatic risk on migration: A
study of four U.S. metropolitans. Climatic Change, 177(3), 36. https://doi.org/
10.1007/510584-024-03687-5

Haslam McKenzie, F. M., & Rowley, S. (2013). Housing market failure in a booming
economy. Housing Studies, 28(3), 373-388.

Head, L., Adams, M., McGregor, H. V., & Toole, S. (2014). Climate change and Australia.
Wiley Interdisciplinary Reviews: Climate Change, 5(2), 175-197.

Hipp, J. R., Poon, B. S., & Kim, J. H. (2025). The role of renter burden and affordable
units at risk in city-level housing inadequacy. Cities, 165, Article 106086. https://
doi.org/10.1016/j.cities.2025.106086

Hu, Z. (2022). Social interactions and households’ flood insurance decisions. Journal of
Financial Economics, 144(2), 414-432. https://doi.org/10.1016/].
jfineco.2022.02.004

Thlanfeldt, K. R. (2007). The effect of land use regulation on housing and land prices.
Journal of Urban Economics, 61(3), 420-435. https://doi.org/10.1016/j.
jue.2006.09.003

Immergluck, D. (2009). The foreclosure crisis, foreclosed properties, and federal policy:
Some implications for housing and community development planning. Journal of the
American Planning Association, 75(4), 406-423.

Ingels, M. W., Botzen, W. J. W., Aerts, J. C. J. H., Brusselaers, J., & Tesselaar, M. (2024).
The state of the art and future of climate risk insurance modeling. Annals of the New
York Academy of Sciences, 1541(1), 100-114. https://doi.org/10.1111/nyas.15255

Jackson, T., & Victor, P. A. (2015). Does credit create a ‘growth imperative’? A quasi-
stationary economy with interest-bearing debt. Ecological Economics, 120, 32-48.
https://doi.org/10.1016/j.ecolecon.2015.09.009

Jalali, D., MacDonald, H., Fini, A. A. F., & Shi, S. (2022). Effects of planning regulations
on housing and land markets: A system dynamics modeling approach. Cities, 126,
Article 103670.

Jarzabkowski, P., Bednarek, R., Chalkias, K., & Cacciatori, E. (2022). Enabling rapid
financial response to disasters: Knotting and reknotting multiple paradoxes in
interorganizational systems. Academy of Management Journal, 65(5), 1477-1506.

Jarzabkowski, P., Chalkias, K., Clarke, D., Iyahen, E., Stadtmueller, D., & Zwick, A.
(2019). Insurance for climate adaptation: Opportunities and limitations.

Kc, S., & Lutz, W. (2017). The human core of the shared socioeconomic pathways:
Population scenarios by age, sex and level of education for all countries to 2100.
Global Environmental Change, 42, 181-192. https://doi.org/10.1016/j.
gloenvcha.2014.06.004

Lawrence, J., Quade, D., & Becker, J. (2014). Integrating the effects of flood experience
on risk perception with responses to changing climate risk. Natural Hazards, 74(3),
1773-1794.

Leimbach, M., Kriegler, E., Roming, N., & Schwanitz, J. (2017). Future growth patterns of
world regions — A GDP scenario approach. Global Environmental Change, 42,
215-225. https://doi.org/10.1016/j.gloenvcha.2015.02.005

Leishman, C., & Goel, S. (2024). Amenities and housing market dynamics: Implications
for population change, urban attractiveness, innovation, and productivity. Urban
Studies, 62(7), 1269-1292. https://doi.org/10.1177/00420980241284480

Lemoy, R., & Bertin, E. (2012). Dynamical fluctuations in a simple housing market
model. Journal of Statistical Mechanics: Theory and Experiment, 2012(12), Article
P12007. https://doi.org/10.1088/1742-5468/2012/12/P12007

Lewis, C. D. (1982). Industrial and business forecasting methods: A practical guide to
exponential smoothing and curve fitting. Butterworth-Heinemann.

Lima, V. (2021). From housing crisis to housing justice: Towards a radical right to a
home. Urban Studies, 58(16), 3282-3298. https://doi.org/10.1177/
0042098021995128

Long, J., & Zhuang, L. (2025). Housing finance and inequality: Mortgage debt in urban
China. Habitat International, 161, Article 103411. https://doi.org/10.1016/j.
habitatint.2025.103411

18

Cities 174 (2026) 107050

Lucas, C. H., Booth, K. L., & Garcia, C. (2021). Insuring homes against extreme weather
events: A systematic review of the research. Climatic Change, 165(3), 61. https://doi.
0rg/10.1007/s10584-021-03093-1

Marotzke, J., Semmann, D., & Milinski, M. (2020). The economic interaction between
climate change mitigation, climate migration and poverty. Nature Climate Change, 10
(6), 518-525. https://doi.org/10.1038/5s41558-020-0783-3

McCarthy, J., & Peach, R. W. (2002). Monetary policy transmission to residential
investment. Economic Policy Review, 8(1).

McNamara, D. E., Smith, M. D., Williams, Z., Gopalakrishnan, S., & Landry, C. E. (2024).
Policy and market forces delay real estate price declines on the US coast. Nature
Communications, 15(1), 2209. https://doi.org/10.1038/541467-024-46548-6

Meen, G., Mihailov, A., & Wang, Y. (2022). On the long-run solution to aggregate
housing systems. Urban Studies, 59(1), 178-196. https://doi.org/10.1177/
0042098020976019

Meerow, S., & Newell, J. P. (2019). Urban resilience for whom, what, when, where, and
why? Urban Geography, 40(3), 309-329. https://doi.org/10.1080/
02723638.2016.1206395

Meerow, S., Pajouhesh, P., & Miller, T. R. (2019). Social equity in urban resilience
planning. Local Environment, 24(9), 793-808. https://doi.org/10.1080/
13549839.2019.1645103

Mense, A., Michelsen, C., & Kholodilin, K. A. (2023). Rent control, market segmentation,
and misallocation: Causal evidence from a large-scale policy intervention. Journal of
Urban Economics, 134, Article 103513.

Miles, D., & Pillonca, V. (2008). Financial innovation and European housing and
mortgage markets. Oxford Review of Economic Policy, 24(1), 145-175.

Newman, R., & Noy, L. (2023). The global costs of extreme weather that are attributable
to climate change. Nature Communications, 14(1), 6103. https://doi.org/10.1038/
$41467-023-41888-1

Nicolini, E. (2024). Climate change adaptation and mitigation and historic centers
preservation. Underway and repeatable technological design solutions. Cities, 152,
Article 105174. https://doi.org/10.1016/j.cities.2024.105174

Nishino, H., & Kakamu, K. (2011). Grouped data estimation and testing of Gini
coefficients using lognormal distributions. Sankhya B, 73, 193-210.

O’Neill, B. C., Kriegler, E., Ebi, K. L., Kemp-Benedict, E., Riahi, K., Rothman, D. S., ...
Solecki, W. (2017). The roads ahead: Narratives for shared socioeconomic pathways
describing world futures in the 21st century. Global Environmental Change, 42,
169-180. https://doi.org/10.1016/j.gloenvcha.2015.01.004

O’Neill, B. C., Tebaldi, C., van Vuuren, D. P., Eyring, V., Friedlingstein, P., Hurtt, G., ...
Sanderson, B. M. (2016). The scenario model Intercomparison project (ScenarioMIP)
for CMIP6. Geoscientific Model Development, 9(9), 3461-3482. https://doi.org/
10.5194/gmd-9-3461-2016

Owen, G. (2020). What makes climate change adaptation effective? A systematic review
of the literature. Global Environmental Change, 62, Article 102071.

Palm, M., Raynor, K. E., & Warren-Myers, G. (2020). Examining building age, rental
housing and price filtering for affordability in Melbourne, Australia. Urban Studies,
58(4), 809-825. https://doi.org/10.1177/0042098020927839

Pawson, H. (2021). Housing affordability and homelessness: Probing Australian
evidence. European Journal of Homelessness _ Volume, 15(3_).

Piat, M., Polvere, L., Kirst, M., Voronka, J., Zabkiewicz, D., Plante, M.-C., Isaak, C.,
Nolin, D., Nelson, G., & Goering, P. (2015). Pathways into homelessness:
Understanding how both individual and structural factors contribute to and sustain
homelessness in Canada. Urban Studies, 52(13), 2366-2382. https://doi.org/
10.1177/0042098014548138

Poterba, J., & Sinai, T. (2008). Tax expenditures for owner-occupied housing: Deductions
for property taxes and mortgage interest and the exclusion of imputed rental income.
The American Economic Review, 98(2), 84-89. http://www.jstor.org/stable/
29730000.

Poterba, J. M. (1984). Tax subsidies to owner-occupied housing: An asset-market
approach. Quarterly Journal of Economics, 99(4), 729-752.

Productivity Commission. (2025). Housing construction productivity: Can we fix it?.

Rantissi, T., & Gitis, V. (2024). Understanding squatting: An interdisciplinary analysis for
effective policy interventions. Habitat International, 145, Article 103012. https://doi.
org/10.1016/j.habitatint.2024.103012

Rao, N. D., Sauer, P., Gidden, M., & Riahi, K. (2019). Income inequality projections for
the shared socioeconomic pathways (SSPs). Futures, 105, 27-39.

Raya, J., & Garcia, J. (2012). Which are the real determinants of tenure? A comparative
analysis of different models of the tenure choice of a house. Urban Studies, 49(16),
3645-3662.

Reimann, L., Jones, B., Bieker, N., Wolff, C., Aerts, J. C. J. H., & Vafeidis, A. T. (2023).
Exploring spatial feedbacks between adaptation policies and internal migration
patterns due to sea-level rise. Nature Communications, 14(1), 2630. https://doi.org/
10.1038/541467-023-38278-y

Riahi, K., Van Vuuren, D. P., Kriegler, E., Edmonds, J., O’neill, B. C., Fujimori, S., ...
Fricko, O. (2017a). The shared socioeconomic pathways and their energy, land use,
and greenhouse gas emissions implications: An overview. Global Environmental
Change, 42, 153-168.

Riahi, K., van Vuuren, D. P., Kriegler, E., Edmonds, J., O’Neill, B. C., Fujimori, S., ...
Tavoni, M. (2017b). The shared socioeconomic pathways and their energy, land use,
and greenhouse gas emissions implications: An overview. Global Environmental
Change, 42, 153-168. https://doi.org/10.1016/j.gloenvcha.2016.05.009

Rozo, S. V., & Sviatschi, M. (2021). Is a refugee crisis a housing crisis? Only if housing
supply is unresponsive. Journal of Development Economics, 148, Article 102563.
https://doi.org/10.1016/j.jdeveco.2020.102563

de Ruig, L. T., Haer, T., de Moel, H., Brody, S. D., Botzen, W. J. W., Czajkowski, J., &
Aerts, J. C. J. H. (2022). How the USA can benefit from risk-based premiums


https://doi.org/10.1016/j.jue.2017.07.002
https://doi.org/10.1016/j.jue.2017.07.002
https://doi.org/10.1038/s41467-020-15788-7
https://doi.org/10.1177/0042098019885330
https://doi.org/10.1177/0042098019885330
https://doi.org/10.1007/s10887-014-9105-9
https://doi.org/10.1007/s10887-014-9105-9
https://doi.org/10.1093/jeg/lbi003
https://www.globaldata.com/media/insurance/rising-insurance-costs-make-home-insurance-unaffordable-australia-finds-globaldata/
https://www.globaldata.com/media/insurance/rising-insurance-costs-make-home-insurance-unaffordable-australia-finds-globaldata/
https://doi.org/10.1038/s41558-023-01594-8
https://doi.org/10.1038/s41558-023-01594-8
https://doi.org/10.1002/j.1839-4655.2014.tb00305.x
https://doi.org/10.1177/0042098020915822
https://doi.org/10.1177/0042098020915822
https://doi.org/10.1007/s10584-024-03687-5
https://doi.org/10.1007/s10584-024-03687-5
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0275
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0275
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0280
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0280
https://doi.org/10.1016/j.cities.2025.106086
https://doi.org/10.1016/j.cities.2025.106086
https://doi.org/10.1016/j.jfineco.2022.02.004
https://doi.org/10.1016/j.jfineco.2022.02.004
https://doi.org/10.1016/j.jue.2006.09.003
https://doi.org/10.1016/j.jue.2006.09.003
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0300
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0300
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0300
https://doi.org/10.1111/nyas.15255
https://doi.org/10.1016/j.ecolecon.2015.09.009
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0315
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0315
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0315
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0320
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0320
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0320
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0325
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0325
https://doi.org/10.1016/j.gloenvcha.2014.06.004
https://doi.org/10.1016/j.gloenvcha.2014.06.004
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0335
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0335
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0335
https://doi.org/10.1016/j.gloenvcha.2015.02.005
https://doi.org/10.1177/00420980241284480
https://doi.org/10.1088/1742-5468/2012/12/P12007
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0355
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0355
https://doi.org/10.1177/0042098021995128
https://doi.org/10.1177/0042098021995128
https://doi.org/10.1016/j.habitatint.2025.103411
https://doi.org/10.1016/j.habitatint.2025.103411
https://doi.org/10.1007/s10584-021-03093-1
https://doi.org/10.1007/s10584-021-03093-1
https://doi.org/10.1038/s41558-020-0783-3
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0380
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0380
https://doi.org/10.1038/s41467-024-46548-6
https://doi.org/10.1177/0042098020976019
https://doi.org/10.1177/0042098020976019
https://doi.org/10.1080/02723638.2016.1206395
https://doi.org/10.1080/02723638.2016.1206395
https://doi.org/10.1080/13549839.2019.1645103
https://doi.org/10.1080/13549839.2019.1645103
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0405
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0405
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0405
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0410
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0410
https://doi.org/10.1038/s41467-023-41888-1
https://doi.org/10.1038/s41467-023-41888-1
https://doi.org/10.1016/j.cities.2024.105174
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0425
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0425
https://doi.org/10.1016/j.gloenvcha.2015.01.004
https://doi.org/10.5194/gmd-9-3461-2016
https://doi.org/10.5194/gmd-9-3461-2016
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0440
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0440
https://doi.org/10.1177/0042098020927839
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0450
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0450
https://doi.org/10.1177/0042098014548138
https://doi.org/10.1177/0042098014548138
http://www.jstor.org/stable/29730000
http://www.jstor.org/stable/29730000
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0465
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0465
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0470
https://doi.org/10.1016/j.habitatint.2024.103012
https://doi.org/10.1016/j.habitatint.2024.103012
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0480
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0480
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0485
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0485
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0485
https://doi.org/10.1038/s41467-023-38278-y
https://doi.org/10.1038/s41467-023-38278-y
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0495
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0495
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0495
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0495
https://doi.org/10.1016/j.gloenvcha.2016.05.009
https://doi.org/10.1016/j.jdeveco.2020.102563

P. Habibi-Moshfegh et al.

combined with flood protection. Nature Climate Change, 12(11), 995-998. https://
doi.org/10.1038/s41558-022-01501-7

Scheffer, M., Westley, F., & Brock, W. (2003). Slow response of societies to new
problems: Causes and costs. Ecosystems, 6, 493-502.

Smith, A., Bates, P. D., Wing, O., Sampson, C., Quinn, N., & Neal, J. (2019). New
estimates of flood exposure in developing countries using high-resolution population
data. Nature Communications, 10(1), 1-7.

Sommer, K., & Sullivan, P. (2018). Implications of US tax policy for house prices, rents,
and homeownership. American Economic Review, 108(2), 241-274. https://doi.org/
10.1257/aer.20141751

Steffen, W., Mallon, K., Kompas, T., Dean, A., & Rice, M. (2019). Compound costs: How
climate change is damaging Australia’s economy.

Swanson, K. (2025). Unveiling inequity: Community perspectives on climate action
planning in Ontario cities. Cities, 167, Article 106395. https://doi.org/10.1016/j.
cities.2025.106395

Tan, Y., Wang, Z., & Zhang, Q. (2020). Land-use regulation and the intensive margin of
housing supply. Journal of Urban Economics, 115, Article 103199.

Tao, L., Pang, L., Tong, D., & Hui, E. C. M. (2025). Disentangling housing affordability of
migrant households through the lens of trade-offs: Evidence from urban China.
Habitat International, 162, Article 103437. https://doi.org/10.1016/j.
habitatint.2025.103437

19

Cities 174 (2026) 107050

Tayefi Nasrabadi, M., Larimian, T., & Yigitcanlar, T. (2025). Developing a measurement
model to assess perceived housing inequality: Exploratory and confirmatory factor
analyses. Cities, 166, Article 106276. https://doi.org/10.1016/j.cities.2025.106276

Tesselaar, M., Botzen, W. J. W., Tiggeloven, T., & Aerts, J. C. J. H. (2023). Flood
insurance is a driver of population growth in European floodplains. Nature
Communications, 14(1), 7483. https://doi.org/10.1038/541467-023-43229-8

Tol, R. S. J. (2023). Social cost of carbon estimates have increased over time. Nature
Climate Change, 13(6), 532-536. https://doi.org/10.1038/541558-023-01680-x

Tu, Q., de Haan, J., & Boelhouwer, P. (2017). The mismatch between conventional house
price modeling and regulated markets: Insights from the Netherlands. Journal of
Housing and the Built Environment, 32(3), 599-619. https://doi.org/10.1007/s10901-
016-9529-y

Wang, K. (2019). Housing market resilience: Neighbourhood and metropolitan factors
explaining resilience before and after the US housing crisis. Urban Studies, 56(13),
2688-2708.

Wang, M. (2018). ‘Rigid demand’: Economic imagination and practice in China’s urban
housing market. Urban Studies, 55(7), 1579-1594. https://doi.org/10.1177/
0042098017747511

Wetzstein, S. (2017). The global urban housing affordability crisis. Urban Studies, 54(14),
3159-3177.


https://doi.org/10.1038/s41558-022-01501-7
https://doi.org/10.1038/s41558-022-01501-7
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0515
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0515
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0520
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0520
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0520
https://doi.org/10.1257/aer.20141751
https://doi.org/10.1257/aer.20141751
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0530
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0530
https://doi.org/10.1016/j.cities.2025.106395
https://doi.org/10.1016/j.cities.2025.106395
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0540
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0540
https://doi.org/10.1016/j.habitatint.2025.103437
https://doi.org/10.1016/j.habitatint.2025.103437
https://doi.org/10.1016/j.cities.2025.106276
https://doi.org/10.1038/s41467-023-43229-8
https://doi.org/10.1038/s41558-023-01680-x
https://doi.org/10.1007/s10901-016-9529-y
https://doi.org/10.1007/s10901-016-9529-y
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0570
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0570
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0570
https://doi.org/10.1177/0042098017747511
https://doi.org/10.1177/0042098017747511
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0580
http://refhub.elsevier.com/S0264-2751(26)00282-9/rf0580

	Social outcomes of the housing market under climate change
	1 Introduction
	2 Background
	2.1 Drivers of the housing affordability crisis
	2.2 Interventions in response to the housing affordability crisis
	2.3 Housing affordability as climate adaptation strategy
	2.4 Social outcomes of the housing market under climate change

	3 Data and methodology
	3.1 Data
	3.2 Method
	3.2.1 Housing price adjustments
	3.2.2 Housing demand side
	3.2.3 Housing ownership demand
	3.2.4 Housing rental demand
	3.2.5 Housing supply side
	3.2.6 The type of housing supply
	3.2.7 Adjustment times
	3.2.8 Operationalizing social outcomes

	3.3 Model calibration
	3.3.1 Behavior reproduction test
	3.3.2 Sensitivity analysis

	3.4 Scenario development: Shared socioeconomic pathways (SSPs)

	4 Results
	4.1 Supply and demand trajectories
	4.2 Impact of intervention mechanisms
	4.3 Social outcomes of the housing market
	4.4 Social outcomes across income groups
	4.5 Social outcomes of intervention mechanisms

	5 Discussion
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Declaration of competing interest
	Data availability
	References


