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Executive summary

Australia’s first National Climate Risk Assessment (the National Assessment), delivered by the
Australian Climate Service, provides a foundational understanding of how climate change is
reshaping the systems Australians rely on. It identifies and analyses risks across eight key
functional systems, using a robust framework grounded in the Intergovernmental Panel on Climate
Change (IPCC) approach. These systems represent interconnected domains—such as health,
infrastructure, ecosystems, and the economy—where climate impacts can cascade and compound.

This technical report focuses on the Economy, Trade and Finance system, and specifically on one
of the 11 nationally significant risks selected by the Australian Government for deeper analysis
following the first pass of the National Assessment. That risk relates to the 'real economy' — the part
of the economy concerned with the production and consumption of goods and services, rather than
financial markets. The real economy is exposed to both acute and chronic climate impacts,
including potential financial system shocks, and is deeply interconnected with other systems such
as infrastructure, primary industries, and communities.

The approach used for this priority risk included a national literature review, supplemented by
targeted analysis and interviews across key exposed industries. The work was guided by a policy
and economy reference group.

It is not possible to quantify the full impact of climate change on the Australian economy. However,
the literature, and modelling by The Treasury (Commonwealth of Australia, 2023), quantifies the
impacts on some key drivers of economic growth, including capital assets, infrastructure and the
built environment, household financial stability and demand, supply chains, health and access to
labour and primary industries and productivity.

This assessment finds that most if not all of the drivers of the economy will be eroded by the
changing climate. Impacts include:

* reduced business productivity through disruption to operations, supply chains, capital assets,
premises, critical infrastructure and workforce availability

* increasing insurance affordability stress, which has implications for access to credit, asset
prices, and broader financial resilience

* increased construction labour and materials costs due to physical climate impacts to assets,
and potential impact to other discretionary spending or investment

* increasing pressures on the productivity of primary and outdoor industries and their
communities from the changing climate and impacts in related sectors

The National Assessment identified strong interactions between risks to the economy, trade and
finance system and impacts in other key systems such as primary industries and food, and defence
and national security, creating the potential for cascading and compounding risk to the economy
from chronic and acute climate events. The literature highlights that climate risk is a systemic risk—
meaning it can affect entire systems rather than isolated sectors. As Stern (2023) notes, financial
markets often struggle to assess such complex, interconnected risks. Because of this, climate risks
may be underestimated or mispriced, leading to financial instability or crises when those risks
materialise.
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The scope of the National Assessment is limited to domestic risk, however this assessment notes
that the Australian economy is affected not only by the domestic impact of climate change on its
businesses, infrastructure and resources, but also indirectly through international trade with the rest
of the world. Climate change impacts on our regional neighbours and trading partners are likely to
have significant impacts on trade. This has not been assessed in this report but is noted as a gap.

As climate change continues to reshape our society, environment, and ecosystems, consideration
of its widespread and interconnected impacts should be embedded into all future planning and
decision-making processes to build resilience and adapt.

Key insights

1. The Australian economy is already experiencing the impacts of climate change through the
direct and indirect effects of increasingly frequent extreme events, including tropical cyclones,
floods, bushfires, droughts, and heat waves. The cost of disasters is projected to escalate and
severe and extreme weather events have broad impacts, including disruptions to supply chains,
reduced agricultural productivity, destruction of homes, damage to businesses, and increased
insurance costs.

2. Outdoor-exposed industries, especially agriculture, tourism, mining, and construction, are
particularly susceptible to physical climate risks due to their close connection to the land on
which these activities occur, and their reliance on outdoor workers as extreme heat events are
projected to increase.

3. Households are already experiencing the impacts of the changing climate through the cost of
recovery after extreme events, impacts on supply chains, increased health costs, increased
costs of goods and services impacted by severe weather and increased insurance costs.
Cascading risks could also result in impacts to house prices and household wealth.

4. Impacts to finance, insurance and banking are exposed through multiple pathways including
impacts on revenue, changes in sectoral economic activity and re-valuation impacts on some
assets. There is potential for impacts to cascade through the economy, increasing the risk of
climate-driven financial crises.

5. The changing climate is likely to have global and regional impacts that will be felt by Australia,
but which have not been fully evaluated and are challenging to quantify. Impacts on supply
chains and markets may be affected by changing climates or from regional instability driven by
rising sea levels and increasingly frequent climate-driven disasters.

6. The overall impact on the Australian economy is difficult to quantify. Most economic modelling
projects that the Australian real Gross Domestic Product (GDP) will continue to increase, with
the 2023 Intergenerational Report projecting it will grow by 2.2% per year over the next 40 years
(Commonwealth of Australia, 2023). Advice from the Economy and Policy Reference Group (for
the National Climate Risk Assessment) was that forecasts of economic growth do not capture
many likely impacts of the changing climate, such as the impacts of sea level rise, the loss of
natural and cultural assets, the potential for cascading or compounding impacts, or the
international transmission of impacts. Top-down analysis by Bilal and Kanzig (2024) (for
example) shows that a 1°C rise in global temperature causes global GDP to decline by up to
12%.
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7. Risks to the economy, trade and finance system interact strongly with other systems such as
infrastructure, food, and national security. These interactions create the potential for cascading
and compounding impacts from chronic and acute climate events.

8. Climate change may overwhelm existing governance structures, leading to maladaptive
responses and reduced capacity to manage risk. There is a growing need to strengthen
institutional resilience and decision-making processes to avoid social tipping points and maintain
economic stability.

9. Climate-driven increases in insurance premiums are intensifying affordability stress for
households and businesses, particularly in high-risk regions. Rising underinsurance and insurer
withdrawal from some markets pose risks to financial stability, access to credit, and household
wealth.
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1 Introduction

The Australian Climate Service (ACS) has delivered Australia’s first National Climate Risk
Assessment (the National Assessment). This assessment aims to help governments, industry, and
communities prepare for, adapt to, and mitigate the risks associated with a more challenging
climate.

Climate change poses a significant societal challenge with wide-reaching implications for all
Australians. The frequency of climate hazards is increasing, and their severity, and the
characteristics of extreme events are likely to change with accelerating consequences (Australian
Climate Service, 2025b).

The escalating risks, impacts, and associated losses require preparation, proactive management,
and strategic investment in adaptation and resilience. To safeguard our society, communities, and
economy, we urgently need to understand and, where possible, mitigate these effects. The National
Assessment recognises that long-term and enduring transition to a global low-carbon economy is
required to lower the future risk of economic impacts from permanent and unadaptable levels of
climate change.

The analysis from the National Assessment will inform national priorities for climate adaptation and
resilience actions through the National Adaptation Plan, providing a framework for broader public
and private assessments of climate risks.

1.1. Purpose and context

The National Assessment considers risks in systems. Each system can be described as a natural
grouping of elements that interact closely and where decisions are strongly intertwined. These
systems are a fundamental construct in the National Assessment conceptually representing a
national view of systems Australians value that are threatened by climate change and
encompassing various sectors, industries, domains, and elements at risk (Figure 1). Understanding
the risks to and resilience of these systems in the changing climate will help keep them working
sustainably.

Changes to any one aspect of Australia's climate will not exist in isolation. Rather, impacts in one
area or system may cause cascading and compounding impacts in other areas and systems. A
systemic view allows for analysis of how risks and impacts in one system contribute to or have the
potential to mitigate risks in different systems. An integrated perspective provides a strong
foundation for adaptation planning, supporting consideration of how adaptation can mitigate risk
across systems, or conversely, where there is potential for action in one system to increase
vulnerability or have an impact in another system.

Understanding how climate risks evolve over time is also important. Risks are not static; rather, they
unfold in sequences, accumulate, and interact with both existing vulnerabilities and the outcomes of
past decisions. The impacts of a single event may not be fully realised in the moment but can
intensify over time. For example, investment in infrastructure that is not climate-adapted may not
appear consequential until a series of extreme weather events exposes the vulnerabilities. Similarly,
climate-informed decisions made today, such as land use changes or infrastructure development
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that considers how the climate is changing, can reduce future risk and impacts by reducing
exposure.

Australia's 8 key functional systems

Aboriginal and Torres Strait Islander Peoples

Communities - urban, regional and remote
Defence and national security

Economy, trade and finance

Health and social support
Infrastructure and the built environment
Natural environment

Primary industries and food

Figure 1: Australia's 8 key functional systems (Australian Climate Service, 2025¢)

1.2. Climate risk framing

The National Assessment uses 3 time periods to assess the change in climate risk (Figure 2:
Projected global warming levels used for each time horizon in the National Assessment (Australian
Climate Service, 2025¢)). These use 20-year ranges for the climate projections, centred on 2020,
2050 and 2090. The 2050 and 2090 time horizons are chosen for their relevance to various
planning cycles and policy frameworks as well as their ability to provide actionable insights for both
short-term and long-term decision-making. Socioeconomic and built environment risk assessments
where possible use point in time projections for 2050 and 2090.

Climate projections based on global warming levels (GWL) describe the expected warming and
impacts on land and oceans that Australia is likely to experience when the world reaches particular
levels of global warming, compared to the pre-industrial era, and are in line with the latest IPCC
Sixth Assessment Report (Table 2) and means that analysis is to some extent emissions pathway
independent and is policy relevant. A higher GWL means a greater chance of extreme events.
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Time horizon 2020 2050 2090

+12°C

+1.5°C
+20°C

Figure 2: Projected global warming levels used for each time horizon in the National Assessment (Australian
Climate Service, 2025¢)

Time periods and corresponding global warming levels over the 20-years allow for natural variability in the
climate and warming and are compared with the pre-industrial baseline (1850-1900). Modelled socio-
economic changes (e.g., population) were based on the point in time at the centre of the time span, i.e., 2020,
2050, and 2090. Sea level rise projections use timeframes rather than global warming levels, as this process
is slower and natural variability is small compared to the overall projected change.

Global warming levels

GW.Ls represent globally averaged surface temperatures over both ocean and land and thus, the
temperatures felt in Australia may be higher than the GWL. Therefore, using GWL1.5 does not
mean that risks are being assessed when Australia reaches 1.5°C, but rather the expected warming
that will be felt in Australia based on when global warming reaches 1.5°C.
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2 The economy, trade and finance system

The economy, trade, and finance system in Australia is a complex network that governs how
resources and capital are allocated for the production, distribution, and consumption of goods and
services. It includes how work is conducted, and the institutional arrangements that guide economic
activities and trade networks at all levels. The system also includes interconnected financial
markets, import and export markets, the labour market, and the production, distribution and
consumption of goods and services. A healthy economy depends on critical infrastructure, including
transportation, utilities, and communication networks. Supply chains ensure the efficient flow of raw
materials, goods, and services from producers to consumers. Government finances and capacities
provide foundational support for public services and infrastructure, directly influencing economic
conditions. Individual and household budgets play a key role in driving demand within the economy,
affecting production and service delivery.

Trade supports economic growth by facilitating the efficient exchange of goods and services with
other countries. Australia's trade relationships are essential for maintaining and deepening existing
markets and gaining access to new markets and resources, as well as for domestic production and
employment. International trade arrangements and treaties provide a framework that facilitates the
efficient flow of raw materials and finished products across borders and investor confidence to
finance those flows. Governance and decision-making institutions provide the regulatory framework
that facilitates transparency and stability in trade agreements, maintaining investor confidence.

The impact of climate change on international trade and supply routes is noted but not quantified in
this report as it was outside the scope of the National Assessment. Australia's trading partners and
Pacific neighbours are likely to experience significant social and economic impacts as the climate
changes, and therefore it should be noted that the international transmission of risk could
significantly alter the magnitude of risk assessed in this report.

Finance includes the interconnected investment (equity), credit (debt) and insurance markets,
domestic financial institutions, and international financial systems. Domestic financial institutions,
including banks, credit unions, insurers, and investment funds, and markets, including stock and
capital markets, enable the efficient allocation of capital, including liquidity which facilitates
economic growth.

The health of the economy is heavily interconnected with other National Assessment systems
(Australian Climate Service, 2025d) (Figure 3) and multiple drivers of the economy are being eroded
as the climate changes. Physical impacts are likely to reduce the productivity of agriculture, cause
damage to cities and communities, disrupt production and supply chains leading to higher prices for
goods and services with increased cost-of-living pressures on households across the country
(Steffen et al., 2019). These impacts and risks are likely to interact and compound across the
economy, trade and finance system in ways that are hard to predict and not well understood.
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Severity and Nature of
Climate Hazards

Acute: Flood, Bushfire, Storm an

yclone

Propagation of Impacts

02 Intensity and Duration of
Hazard Impacts

Direct Impacts: hazard directly impacting Interruption: Recoverable

industrial production Dimensions of

Climate Risks and
Impacts to the
Economy, Trade
and Finance
system

Indirect Impacts: flow on impacts

Disruption: Non-recoverable
propagated via interconnectedness

Distribution and Strength of
Impacts Across Industries

Varying Impacts on
Different Sized Businesses ary Industries: Agriculture, Minin

Construction

Small Businesses: 1-19 employees
Other industries: Manufacturing

Medium Businesses: 20-199 employees
Financial industries: Insurance and Banking

Large Businesses: 200+ employees

Trade related industries: Transport

Figure 3: Climate risk mapping framework for the economy, trade and finance system. Source: Finity, 2024
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3 National Assessment methodology

The assessment of risks to the economy, trade, and finance system is based on literature reviews",
some quantitative analysis, and qualitative analyses conducted through expert elicitation and
stakeholder consultations. This work included:

o development of socio-economic scenarios
o development of land use change projections (Appendix B)
o projections of Government spending on disaster relief (analysis conducted by Treasury).

The work of the National Assessment also provided an understanding of the interconnections
between systems and how impacts in other systems may increase risk to the economy, trade and
finance system.

This report presents a national synthesis of climate risk assessments and related outputs developed
by consultancies, academic institutions, and research organisations. It is neither an exhaustive list
nor are the different analyses necessarily consistent as it draws on work that used multiple different
approaches and datasets, including climate projections. While not exhaustive or methodologically
uniform, the synthesis offers a comprehensive overview of risk impacts for the economy, trade and
finance system and provides an early signal of emerging national climate risks.

The analysis was guided by an expert reference group comprising representatives from The
Treasury, the Climate Change Authority, Australian Prudential Regulation Authority, the National
Assessment Expert Advisory Committee and Melbourne University. Each of the representatives
were consulted in their relevant area of expertise.

3.1 Nationally significant and priority risks

The first pass of the National Assessment (DCCEEW, 2024), released in March 2024, provided a
consolidated understanding of Australia’s nationally significant risks. The full National Assessment
identified 63 nationally significant climate risks including risks to Aboriginal and Torres Strait Islander
people with 5 risks directly relevant to the economy, trade and finance system (Table 1).

! The literature scan from the First Pass of the National Climate Risk Assessment is reported in full in CSIRO's
National Climate Risk Assessment Stage 1 Rapid Literature Scan (Lin, Barnett, Toze, et al., 2024).
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Table 1: Nationally significant risks from the changing climate to the economy, trade and finance system (DCCEEW, 2024).

Risk statement

Risk description

Governments’ Risks to governments’  Climate-related impacts affect government revenues, investments, and expenditures, with consequences for
finances and finances and the capacity to govern.
capacities capacities that
decrease revenue, Decreased revenue may result from decreased taxes and levies, such as from lower property values in
increase expenditure flood-affected areas. Increased construction and repair costs for public property and infrastructure due to
and increase demands extreme events may result in increased government expenditure. Increases in healthcare costs from
for government climate-related impacts may increase costs and pose delivery challenges. The costs of emergency
involvement response and recovery during and after natural disasters may increase.
Increased expenditure on climate-related recovery may reduce the ability of government to invest in
sustainable economic development. This may limit our ability to fund climate adaptation and to transition to
a less carbon-intensive economy to mitigate future climate change.
Rapidly changing economic, social and environmental systems, including increased demand for government
assistance and involvement may increase pressure on governments and governance systems to similarly
adapt and respond to support disaster management rapidly, increasing the risks of maladaptation.
Australian Risks to the Australian International climate-related risks and opportunities, similar to those identified for Australia, may affect
economy economy from international trade, trading partners and the international trade system, affecting Australia’s relative

international climate-
related impacts that
result in changing
biosecurity risks,
decreased tourism and
agricultural exports and
macroeconomic shocks,
affecting Australia’s
international trade and
competitiveness

competitiveness in international markets, the ability to import and export goods and services, trade
balances, and withstand macroeconomic shocks of international origins.

This also includes risks to Australia from the management of climate change risks internationally, such as
trade implications of climate-driven biosecurity risks, decreased tourism due to hazards, risks to agricultural
exports, due to domestic and global climate change impacts, and changes or disruptions to the global trade
system and supply chains.

Australia may benefit from new export opportunities as a result from climate change and shift in energy
systems, particularly in renewable energy and critical minerals.
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Risk statement

Risk description

Individual and

Risks to individual and

Domestic and international climate-related impacts may result in an increase in the cost of living with flow-

household household budgets on impacts to economic equality and opportunities that exacerbate inequality and social or economic
budgets (such as incomes, disruption and disadvantage. This includes risks that increase household costs, such as increased
savings, and insurance costs, and risks that affect the distribution of costs and benefits across the economy and the
expenditure) that population, with differential impacts across geographic regions and socio-economic demographics (e.g.,
exacerbate inequality climate-driven impacts on access to health services that exacerbate existing inequalities).
and social or economic
disruption and reduce Increases in construction and repair costs of private property after natural disasters may impact household
the adaptive capacity of ~ Wealth and finances. Population displacement due to natural disasters or climate-related impacts may
individuals and disrupt industries and employment markets. The adaptive capacity of individuals and households may
households decrease as a result of climate-related impacts on wealth, incomes and purchasing power, such as
decreased property values in hazard affected regions, increased insurance costs and inflated prices of
goods and services from shocks to production.
Financial Risks to the financial Climate-related impacts pose risks to the financial system such as from, increased loan losses for banks
system system from climate- and other lenders, and asset price write-downs for investors including superannuation funds.

driven impacts on
financial institutions and
markets that adversely
affect public and private
finances and decrease
economic resilience

Macroeconomic shocks may be felt in Australia and internationally from hazards such as bushfires, flooding,
or sea level rise. This includes risks from difficult to quantify climate change and economic impacts, shocks,
and tipping points that are challenging to plan for adequately.

Financial instability adversely affects the flow of funds between savers and investors, with potential
consequences such as asset price shocks and reduced confidence in the financial system and economy.
Financial system responses to climate change, including increased insurance premiums or reduced
insurance availability, can have adverse impacts on households and businesses.
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Risk statement

Risk description

Production and Risks to the production

consumption and consumption of
of goods and goods and services in
services climate-exposed sectors

of the economy that
affect workplace
productivity, essential
services and ecosystem
services

Climate-related impacts on the relationship between people and the environment affect basic economic
activity, including the production and consumption of private and public goods. Climate change can also
adversely affect services provided by public goods, such as tourism, recreation, community, and social
events. Access to workplaces could also be affected by climate-related impacts, such as high temperatures
or natural disasters.

National and regional economies can also be affected by climate-driven impacts on industries that rely on
the provision of ecosystem services from the environment, such as agriculture and tourism.

The supply of climate-exposed essential services, such as water, energy, telecommunication, and transport
may be physically affected by the impacts of climate change or by price fluctuations, supply constraints and
disruptions with subsequent flow-on impacts to all other economic activities that rely on these services as
basic inputs.

Climate-related impacts that increase costs and reduce investments may affect our ability to transition to a
decarbonised economy at the national and regional levels.
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As part of the first pass of the National Assessment the following priority risk within the economy,
trade and finance system was selected by the Australian Government for further analysis and is the
focus of this report:

Risks to the real economy from acute and chronic climate change impacts, including from
climate-related financial system shocks or volatility

This is described as:

The real economy is the part of a country's economy that produces and uses goods and services,
rather than the part that consists of financial services such as banks and stock markets (Figure 4).
This priority risk is assessed and evaluated around the plausible worst-case scenario depicted in
the risk statement and focuses on the observed and anticipated impacts and consequences to the
real economy from direct or indirect economic impacts for at-risk communities.

d

|3

Household
sector

Financial
sector

Government
sector

@ Overseas
% sector

Figure 4:Reserve Bank of Australia view of the economy, with the 'real economy’ outlined in grey box
(Australian Climate Service, 2025¢).

Many parts of the real economy are exposed to physical climate risks, both directly due to exposure
to extreme weather (e.g. agriculture, outdoor labour, mining) and indirectly due to cascading
impacts that flow through the economy or society (e.g. impacts on property prices, energy
availability or supply chain disruptions) (Lawrence et al., 2022).
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4  Understanding climate risk

The National Assessment uses the IPCC definition of climate risk (Figure 5), where risk is driven by
the interaction of climate hazards with exposed and vulnerable elements. When considering how
risk changes over time, it is also important to consider how the response to the risk is changing, as
actions in one system can increase or mitigate risk in other systems.

EXPOSURE is the presence of things
that could be adversely affected by
climate and weather-related hazards.
These include people, ecosystems,
services, resources, infrastructure, or
economic, social, and/or cultural assets.

VULNERABILITY is the propensity or
predisposition to be adversely affected.

It encompasses a variety of concepts and
elements, including sensitivity to harm
VULNERABILTY

and capacity to cope and adapt.

HAZARD EXPOSURE

HAZARD is the potential occurrence RESPONSE
of an event or trend that may cause
health impacts and damage to property,
infrastructure, livelihoods, services,
ecosystems, and environmental resources.
A vy

RESPONSE refers to how actions to
address climate risks might not work as
planned or could create other problems.

Figure 5: Determinants of climate risk adapted from the Intergovernmental Panel on Climate Change (IPCC)
(IPCC, 2022a) and Simpson et al. (2021)

Understanding climate risk in the economy, trade and finance system requires a structured
approach to assessing how hazards interact with exposure, vulnerability, and response. This
chapter draws on the IPCC risk framework and is organised into four key components:

e Hazards — the changing nature of Australia’s climate and the priority hazards identified for
this system.

o Exposure — the elements of the economy that are physically or systemically exposed to
climate hazards.

o Vulnerability — the characteristics that make certain industries, regions or communities
more susceptible to harm.

e« Response — the actions taken to reduce or manage risk, including adaptation measures and
governance considerations.

4.1 Changes to Australia's climate and hazards

Australia’s climate is changing, with significant impacts on communities, infrastructure and
ecosystems. Bushfires, floods, heatwaves, tropical cyclones, storms and other hazards are
changing in frequency, severity and complexity, posing challenges to how we live, work and interact
with our environment.

The National Assessment uses 4 different time horizons to assess the change in risk. It considers
the current climate and 3 different global warming scenarios that are likely to be reached by the mid-
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term (2050) and long-term (2090) horizons, according to the latest international climate science. To
account for natural variability in the climate, average climate projections were used across 20- year
timeframes.

Some of the evidence cited in the report uses alternative climate change scenarios, for example,
Shared Socioeconomic Pathways (SSPs) or Representative Concentration Pathways (RCPs). Best
estimates for global warming for SSPs and RCPs are provided by the IPCC (Table 2).

Table 2: Changes in global surface temperature for 20-year time periods and five scenarios. 'SSP' describes
the socio-economic trends underlying the scenario and final number refers to the Representative
Concentration Pathway (RCP). Source: (IPCC, 2021)

Near-term, 2021-2040 Mid-term, 2041-2060 Long term, 2081-2100
Scenario Best estimate Very likely Best estimate Very likely Best estimate Very likely
°C range (°C) °C range (°C) °C range (°C)
SSP1-1.9 1.5 1.2t01.7 1.6 1.2t02.0 1.4 1.0t0 1.8
SSP1-2.6 1.5 1.2t01.8 1.7 1.3t02.2 1.8 1.3t024
SSP2-4.5 1.5 1.2t01.8 2.0 1.6t025 2.7 21t03.5
SSP3-7.0 1.5 1.2t01.8 2.1 1.7t02.6 3.6 28t04.6
SSP5-8.5 1.6 1.3t01.9 24 1.9t0 3.0 4.4 3.3t05.7

Australia’s Future Climate and Hazards Report (ACS, 2025) provides the foundational climate
science underpinning this risk analysis. It outlines projected changes to key climate variables—
temperature, rainfall, and sea level rise—and identifies the characteristics of the ten priority hazards
of the National Assessment. These hazards are expected to change in frequency, intensity and
spatial distribution over time, with many occurring in combination or affecting new locations (Figure
6).
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RIVERINE FLOODS

A decrease in maximum daily
runoff and annual runoff totals
is possible (low confidence)
indicating less frequent riverine
flood events. However, when
floods do occur, they are likely
to be higher due to higher
event rainfall totals (medium
confidence). Southern and

-,

The frequency of tropical
cyclones is likely to decrease
(medium confidence), but the
proportion of category 4 and
5 events may increase (low/
medium confidence). Little
change or a small southward
shift in tropical cyclone tracks
is possible (low confidence).

Extreme temperatures are likely
to increase nationwide (very high
confidence), with the greatest

increases over northern Australia, the
Great Dividing Range in the southeast,

and in desert regions. Severe and
extreme heatwave events are

projected to double if global warming

reaches +2.0°C and more than

@ CYCLONES N @a& HIGH TEMPERATURES IR : % COASTAL HAZARDS

Sea levels around Australia will continue to rise
(very high confidence), with a median projection
of half a metre by the end of the century. Far
higher levels cannot be ruled out this century if
polar ice sheets collapse (low confidence). As sea
levels rise, coastal flood events are projected to
become more frequent, accompanied by greater
levels of coastal erosion and shoreline change
(high confidence). By 2090, coastal erosion events

particularly south-western h _/ | quadruple under +3.0°C of warming. may occur around 10 times more often than now.
Australia are projected to y N

experience reduced runoff. In ' .

contrast, parts of the east coast [ 4
CRLEN) .- T
[ Hililr W |

and tropics are likely to see an

increase in heavy runoff events,

which could lead to higher risks

of flooding Extratropical storms (including east coast lows)
are projected to become less frequent (medium
confidence); however, they may have greater
impacts when they do occur (medium confidence).

Changes in rainfall intensity and sea levels

mean a higher chance of coastal flooding from

future extratropical storms. Convective storms

producing large hail may increase in the east and

oceur further south {low confidence).

A & JUB OCEAN WARMING AND ACIDIFICATION N
(A== |

Oceans surrounding Australia are expected

to become more acidic (high confidence) and
warmer, with more frequent and longer marine
heatwaves (high confidence). The ocean
environment will become more stressful for marine
organisms, with a higher chance of coral bleaching.
Marine heatwaves will become more frequent,
particularly in the Tasman Sea. In Antarctic waters,
more acidic oceans will mean some areas may
become incapable of supporting the development
of shells and coral skeletons.

Summary of
Australia’s changing

A @ DROUGHT ~

Time spent in drought is likely
to increase across most of

the country (low to medium
confidence), particularly in
southern and eastern areas.
Drying in the southwest of the
nation, where increased time in
drought has occurred since the
1970s, is projected to increase
at all future levels of global
warming (high confidence).
Long-term changes towards drier
conditions are likely to occur

in parts of southern Australia,
with higher confidence of such
change for southwest Australia.

climate hazards

Higher temperatures and drier conditions will increase the risk of
bushfires in most currently forested areas (high confidence). However,
some areas may see less intense fires later in the century as forests
transition to grassland, reducing fire fuel loads. Dangerous fire weather
days are projected to become more frequent in southern and eastern
areas with a longer fire season and the potential for more megafires
thigh confidence). Northern regions are projected to have an increased
susceptibility to savannah fire as rainfall patterns and vegetation change.

Figure 6: Changes to the priority hazards identified as part of the National Assessment. Source: (Australian
Climate Service, 2025c)

The priority hazards that affect the economy, trade and finance system were determined in the first
pass of the National Assessment (Table 3).
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Table 3: Degree of risk to the system by hazard (white = low; yellow = medium; red = high)

Risk Risk
2050 2090

Bushfires,
grassfires and air
pollution

Tropical cyclones

Changes in
temperatures
including extremes

Coastal and
estuarine flooding
and shoreline
change

Examples of historical impacts

The most devastating bushfire event recorded in Australian history was the 2019-2020 Black Summer
bushfires. New South Wales (NSW) losses included over 2.5 million hectares of conservation land, 750,000
hectares of forests and plantations and 559,000 hectares of farmland.

Major consequences of the bushfires resulted in a loss of 29,600 jobs, loss of $10.2bn in real GDP and $6.1bn
in lost household consumption (Wittwer & Waschik, 2021).

International tourist bookings were reduced by 10-20% during the Black Summer bushfires, estimated to cost
the industry $4.5b by the end of the year (Carruthers, 2020). Reiner et al. (2024) estimated that 7,300 jobs in
tourism were lost due to the Black Summer Bushfires

In 2017, Severe Tropical Cyclone Debbie crossed the Queensland coast causing widespread destruction, with
isolated rainfalls of 400mm and wind gusts of up to 265km per hour. Impacts included more than $800 million
in damage to essential public infrastructure as well as some $450 million damage to the agriculture industry
and more than $150 million in losses to the tourism industry (Queensland Government, 2017).

Heatwaves are responsible for more deaths than any other type of natural disaster in Australia. During
heatwaves, there are generally more hospital admissions for mental health issues, workplace accidents or
injuries and power outages. Deloitte (2017) estimates that heatwaves in Australia have caused 509 deaths
between 1987 and 2016 and affected over 4.5 million people.

AEMO (2020) report higher incidence of power outages during heatwaves. Xiang et al. (2014) identified a 6.2%
increase in worker compensation claims in Adelaide during heatwaves.

If global temperatures were to increase by up to 3°C or over 4°C, Australia’s total labour productivity levels
could decrease by 0.2 to 0.8 per cent by 2063. This is a significant economic cost, reducing economic output
over this period by between $135 billion and $423 billion in today’s dollars (Commonwealth of Australia, 2023).

Yu et al. (2020) and Williams et al. (2020) highlight increases in demand for emergency services during
flooding with conditions that make it much more difficult for fire, police and ambulance services to be available
at the appropriate time

ACCC (2020) reported 25% of 2019 Townsville flood impacted households did not have home insurance.

Steffen et al. (2019) estimates 27,000-35,000km or roads and rail worth $51-67 billion are exposed to coastal
risk, while 120 ports, 5 power stations, 258 police, fire and ambulance stations, 75 hospitals and 44 water and
waste facilities all at risk within 200m of the coast and are at risk from rising seas

Australian Climate Service | Real Economy Technical Report | 2025
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Risk Risk

Hazard 2050 2090 Examples of historical impacts
Drought and The Millennium Drought in Southeast Australia was associated with increased psychological health problems
changes in aridity (Nicholls et al., 2006) has been linked to a 15% increase in male suicides (Steffen et al., 2019).

King et al. (2017) identified severely reduced crop yields during the Millennium Drought. During the Millennium
Drought in southeast Australia, agriculture’s contribution to Australia’s GDP fell 16%(van Dijk et al., 2013). In
the worst hit regions, its estimated 6000 jobs were lost between 2006-2009.

Between 2002 and 2010, severe droughts were estimated to have led to an 18% reduction in agricultural total
factor productivity (Sheng & Xu, 2019). Already, severe droughts such as the 2002-03 and 1994-95 droughts,
have reduced Australia’s gross domestic product by about 1% (Productivity Commission, 2005)

Drought costs the northern Australian agricultural industry approximately 19% of output per year, which may
fall as low as 10% and rise as high as 40% depending on drought-affected properties (Tran et al., 2016).

Riverine and flash
flooding

The Australian Institute for Disaster Resilience (n.d.) reports that following the 2010-11 Queensland floods, an
estimated 28,000 homes were in need of rebuilding, approximately 3,572 businessess were inundated and the
mining, agriculture and tourism sectors experienced an estimated $4 billion in losses. Nineteen thousand
kilometres of road were damaged, and 3 ports significantly affacted. Over 28% of the Queensland rail network
was left displaced. The Insurance Council of Australia estimates the 2011 damage at $2.38 billion.

Compound severe
events

Disruptions in business activity from severe events include the disruptions caused by road closures, typically
result in significant losses to businesses and lost days of production or service provision (Queensland
Department of Agriculture and Fisheries, 2023).

The Colvin Review (2024) reports $9.2 billion in Disaster Recovery Funding Arrangements (DRFA) payments
over the period 2018-19 to 2022-23 (Colvin, 2024).

Gao (2024) identified that extreme weather events can trigger political-economic risk through lost incomes,
welfare, profits, and lead to climate migration and conflict.
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4.2 Exposure

Exposure refers to the elements of the economy, society and infrastructure that are situated in
harm’s way and therefore susceptible to climate hazards. In the economy, trade and finance
system, exposure is shaped by the location, nature and interconnectedness of assets, industries,
people and institutions. This section outlines the major exposure themes that influence climate risk
in this system:

e Critical industries such as agriculture, mining, construction and tourism that are physically
exposed to climate hazards.

e Businesses and supply chains that rely on climate-sensitive inputs or infrastructure
vulnerable to disruption.

o Coastal housing stock and infrastructure at risk from sea level rise, flooding and erosion.

o Finance and markets exposed to asset devaluation, volatility and cascading economic
impacts.

e Government resources that are increasingly drawn into recovery and reconstruction efforts.

e International trade and finance systems exposed to global climate shocks and supply chain
disruptions.

e Outdoor workers who face direct health and safety risks from extreme heat and weather.

e People and households exposed to rising costs, reduced access to insurance and financial
stress.

Many important drivers of the economy are directly or indirectly exposed to climate risk. Business
premises can be directly exposed to natural hazards, this applies to both acute events, such as
floods, but also the chronic exposure to changing climate conditions, such as rising temperatures,
for enterprises which are largely conducted outdoors such as construction, mining, tourism or
agriculture (Figure 7).

Other economic drivers that are exposed to climate hazards include road and rail networks that are
essential for supply chains to transport goods and facilitate productivity. When a major supply chain

route is blocked, the movement of goods may be prevented, or the costs of moving goods increase.

For businesses, this can mean increased costs to move products in or out of communities, and for
people, this can mean higher prices for essential goods and services.

Australian Climate Service | Real Economy Technical Report | 2025
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Figure 7: Australian Bureau of Statistics (2022) 'Value of agricultural commodities produced 2020-21,
Australia’. Accessed 2025

Coastal locations are exposed to sea level rise and therefore to increasing coastal hazards such as
flooding, damage from tropical cyclones and erosion. Most businesses are located in Australia’s
coastal capital cities and along the east coast, as well as in populous regional cities such as
Toowoomba, Tamworth, and Mildura (Figure 8).
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Figure 8: AustraliaOn Bureau of Statistics (2022) 'Counts of Australian Businesses'. Accessed 2025

Indirect impacts may be experienced by the finance sector through multiple pathways, including
increased cost of operations, increased risk as assets used as collateral may be re-valued in high
risk areas and impacts on revenue as businesses’ ability to repay loans are impacted (Kearns,
2022).

Finally, the wealth and income of households, as well as the financial well-being of communities,
can be exposed to flow-on effects from impacts on businesses and the finance and insurance
sectors, as well as acute impacts on supply chains and services.

Deloitte developed three scenarios for the National Assessment (Figure 9) for use in identifying
exposure to and impacts from climate change. These describe distinct but plausible futures for
Australia that consider varying socioeconomic contexts and the potential role of climate damages
under different levels of global warming (see Breakout Box 1 and Appendix A). These scenarios are
based upon the Shared Socioeconomic Pathways (SSPs) that underpin the IPCC Sixth Assessment
Report (IPCC, 2022a). By combining these with hazard projections into different scenarios, analysts
involved in the National Assessment explored a range of possible outcomes and identified the scale
of risks under various conditions.
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BREAKOUT BOX 1: Future socioeconomic scenarios

Analysis by Deloitte commissioned by the Australian Climate Service as part of the National
Assessment provided scenarios for future population and economic exposure (see Appendix A).
This analysis included national and regional forecasts for metrics such as population, real economic
output, dwelling completions, household disposable income and gross value-added by industry.

Over the longer-term, the analysis identified that the pace of economic growth is expected to
gradually slow across all scenarios due to demographic ageing and the associated decline in the
labour force participation rate. Three scenarios were developed:

e The moderate shift scenario assumes low population and productivity growth, depicting a
future trajectory that aligns with a moderate global greenhouse gas emissions scenario
(SSP2-4.5). In this scenario, the global mean temperature is projected to rise by more than
2°C above pre-industrial levels by 2100.

e The balanced outlook scenario assumes moderate population and productivity growth,
depicting a future trajectory that aligns with a relatively low global greenhouse gas emissions
scenario (SSP1-2.6). In this scenario, the rise in global mean temperature relative to the pre-
industrial period is limited to less than 2°C by 2100.

e The accelerated momentum scenario assumes high population and productivity growth,

depicting a future trajectory that aligns with a moderate global greenhouse gas emissions
scenario (SSP2-4.5). In this scenario, the global mean temperature is projected to rise by
more than 2°C above pre-industrial levels by 2100.

Moderate shift

Balanced outlook

Accelerated momentum

Over the periods

to 2050 and 2090, average annual
growth is projected to

be 1.5% and 1.2%, respectively.

Income is projected to grow more
than 1.5 times by 2050, and more
than 2.6 times by 2090, relative
to 2023.

By 2050, the population is
projected to be 34.5 million and to
grow to 43 million by 2090.

Urban areas expand by 24% by
2050 and by 39.8% by 2030.

QOver the periods

to 2050 and 2090, average annual
growth is projected to be 2.1%
and 1,9%, respectively.

Income is projected to grow more
than 1.8 times by 2050, and more
than 4.4 times by 2090, relative to
2023.

Over the periods to 2050 and 2090,
average annual growth is projected
to be 2.6% and 2.5%, respectively.

By 2090, agricultural activity
covers more land, with 1.1%
growth in cropping activities

by 2050 and 12% growth by 2090.
Grazing activities see only
minimal changes.

Deforestation of 0.9% by 2050
and 2.6% by 2090 occurs outside
of protected areas.

By 2050, the population is
projected to be 36.7 million and to
grow to 50.6 million by 2090.

Urban areas expand by 17.1% by
2050 and by 21.7% by 2090.

By 2050, cropping activity
expands by 7.1%, which slows to
4.6% expansion by 2090; both
managed rangeland grazing
activities decrease marginally.

Deforestation of 1.6% by 2050
and 2.4% by 2090 occurs outside
of protected areas.
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Income is projected to grow more
than 2.1 times by 2050, and more
than 6.6 times by 2090, relative to
2023.

By 2050, the population is projected
to be 39.2 million and grow to 58.8
million by 2090.

Urban areas expand by 39.8%
between 2030 and 2090.

By 2090, agricultural activity covers
more land, with 1.1% growth in
cropping activities by 2050 and 12%
growth by 2090. Grazing activities
see only minimal changes.

Deforestation of 0.9% by 2050 and
2.6% by 2090 occurs outside of
protected areas.

Figure 9: Three plausible future socioeconomic and land-use scenarios tailored to the Australian context.
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The scenarios illustrate how land use (including the built environment) and socioeconomic conditions are
expected to continue changing through to 2090. Each scenario presents a distinct but plausible future for
Australia, offering valuable insights for long-term planning. (Source: Deloitte for the National Assessment).

4.3 Vulnerability

Vulnerability refers to the characteristics of systems, communities and assets that influence their
susceptibility to harm from climate hazards. In the economy, trade and finance system, vulnerability
is shaped by financial resilience, infrastructure condition, institutional capacity and social equity.
Understanding vulnerability is critical to identifying where targeted responses can reduce risk. Key
factors that contribute to vulnerability and amplify climate risk in this system include:

e Ageing or unadapted infrastructure that is not designed for future climate conditions.
¢ High household debt that limits financial flexibility and recovery capacity.

o Volatile and interconnected financial markets that can transmit shocks rapidly across
sectors.

¢ Land-use planning that has not adequately accounted for climate risks or future hazard
exposure.

o Unaffordable or inaccessible insurance, increasing financial vulnerability for households and
businesses.

¢ Reliance on climate-sensitive industries, such as agriculture and tourism, which are exposed
to multiple hazards.

o Resource-limited communities with constrained capacity to prepare for, respond to or
recover from climate impacts.

o Dependence on global markets, which may be disrupted by climate-related shocks and
cascading risks.

Some industries are more vulnerable to climate hazards than others. Mining, construction,
agriculture, power generation, transmission, and certain service occupations such as emergency
response are vulnerable to reduced labour productivity as a result of higher temperatures
(Commonwealth of Australia, 2023). Agricultural industry is particularly vulnerable to the impacts of
drought due to its reliance on natural resources (Department of Agriculture Fisheries and Forestry,
2023). Fisheries are vulnerable to changes in population and distribution of key species as a
response to marine warming (Darbyshire et al., 2025). Local Government Areas with a large
proportion of agricultural output are, therefore, potentially more economically vulnerable when a
drought or other hazards such as bushfires or floods occur.

The vulnerability of businesses is also driven by reliance on supply chains. A lack of redundancy in
the supply chain network can drive risk where a single hazardous event can have significant
economic impacts if it disrupts a key route. This occurred in 2022-2023 summer when a flood
destroyed a bridge and damaged roads on the Great Northern Highway in Western Australia, this
cut off a key freight route, increasing the costs of transportation of essential goods into rural
communities and exports out from local businesses (O'Connor, Sinclair, & Mitsopoulos, 2023).

Businesses may also be vulnerable based on their size with medium, small, and micro enterprises
often more vulnerable to climate impacts because they cannot absorb significant losses as well as
larger businesses. It therefore follows that employees of medium, small, and micro businesses may
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also be more economically vulnerable to climate hazards. Local Government Areas where micro-
businesses (businesses which typically have fewer than 6 employees) comprise more than 95% of
all businesses include Wandering (Western Australia), Central Darling (NSW) and Flinders
(Tasmania).

Lack of economic diversity can contribute to a region’s economic vulnerability (see Breakout Box 2).

A more diverse region is less reliant on single parts of the economy and, therefore, has a greater
likelihood of withstanding market shocks (United Nations Framework Convention on Climate
Change (UNFCCC), 2016).
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BREAKOUT BOX 2: Industry of Employment Diversity Index (beta)

The ACS has developed the Industry of Employment Diversity Index (beta) (IEDIg) to measure one
aspect of economic vulnerability. IEDIg provides a nationally consistent measure of the diversity of
sources of employment in a Local Government Area (LGA). Reliance on a few industries is likely to
make an LGA more vulnerable, as the impacts of climate change and natural hazards on these
industries will affect the LGA's economy more significantly than those of LGAs with a more
diversified industry base, which may be better equipped to absorb these shocks. Scores for

IEDI g compare each LGA to the national composition of industries, with higher scores indicating that
the mix of industries is more similar to the national level and, therefore, more economically diverse.

The IEDI g shows that (Figure 10):

e The east coast of Australia and capital city regions have relatively high employment
diversity.

¢ Inland rural and remote regions have relatively low employment diversity.

¢ Inregions with low employment diversity, the most common industries of employment are
mining, agriculture, forestry and fishing.

The IEDIg is a beta index, and the concepts, methodology and indicators will continue to be further
refined and developed. This will be guided by ongoing consultation and feedback from stakeholders
and subject matter experts.
Industry Diversity Index
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Figure 10: Industry of Employment Diversity IEDI .

The index uses 2021 Census employment data, using the information of residents living in each LGA and the
industries in which they work. The colour indicates how vulnerable a community is expected to be — dark
purple represents LGAs with least employment diversity, while pale purple represents the greatest diversity.
Some LGAs were excluded from the analysis for having too small a population or too few employed persons —
these areas are greyed out.
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4.4 Response

Response in the economic domain refers to actions taken to reduce or share risk. Response
actions could include:

e climate risk mapping of hazard location and severity, and public climate risk disclosure

¢ financial response options such as reinsurance pools, insurance subsidies, insurance tax
cuts, change to regulatory capital requirements, price controls and a public insurer of last
resort

e planning changes such as land use rezoning, change to building standards, structural
improvements subsidies and land buybacks or large-scale managed retreat

e infrastructure changes such as flood levies, fire breaks, dams, sponge cities, hardening
infrastructure and natural defences.

However, over time, these responses could be maladaptive, for example, if subsidies for recover
grants encourage households and businesses to remain in locations with high hazard exposure this
will compound climate risk over time.

Unplanned responses can also increase or decrease exposure. Australians are tending to move to
live in coastal areas, which increases exposure to coastal hazards (DITRDCA, 2022). Climate-
sensitive rezoning of land use could result in fewer buildings in high-risk areas and, therefore, lower
exposure to climate related risks over time. Climate-sensitive building codes may also reduce
vulnerability and, thus, economic risk.

Successful response in the economic domain will need to be supported by governance structures
and processes that help to identify and validate complex climate change risks, generate innovative
adaptation options that consider risk interactions, anticipate and avoid response risks, accelerate
positive adaptation action, and track and adjust to outcomes (Rickards et al., 2025). The National
Adaptation Plan will set a framework for mainstreaming adaptation action and driving private sector
investment.
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5 The economic impacts of climate change

This chapter examines the systemic and cascading impacts of climate change on Australia’s real
economy, drawing on evidence from literature, scenario-based projections, and expert insights. It is
structured to provide a clear understanding of the drivers of risk, the pathways through which
impacts occur, and the implications for households, businesses, and financial systems. Specifically,
it covers:

e Climate risk framing and context — how hazards, exposure, vulnerability, and response
interact to shape economic risk.

o Climate-sensitive industries — including agriculture, mining, construction, and tourism, and
their susceptibility to chronic and acute hazards.

e Impacts on the built environment and critical infrastructure — with a focus on housing, supply
chains, and energy systems.

o Direct impacts from severe and extreme hazards — particularly considering short term costs
responding to disaster events.

e Direct and indirect financial impacts — including pressures on banking, insurance, and
markets, and the potential for cascading financial crises.

e Implications for households and communities — including affordability, inequality, and risks to
Aboriginal and Torres Strait Islander peoples.

e Implications of ecosystem changes for the economy — pressures to the underpinning
environment and the roles it plays in primary industries, communities, ecosystem services
and flow on risks.

e Governance and adaptation responses — highlighting current measures, gaps, and
opportunities to reduce vulnerability and build resilience.

5.1 Climate risk framing and context

Contributors to the World Economic Forum's (2025) Global Risks Report 2025 identified
environmental or climate-change related risks as the top four global risks in the next 10 years
(Figure 11).
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Figure 11: Global risks ranked by severity over the short and long term. Source: World Economic Forum
Global Risks Perception Survey 2024-2025

Climate change threatens many drivers of economic growth. Examples of impacts include: reduced
labour productivity from extreme heat, especially for outdoor work, and the recovery demands from
the increasing frequency of extreme weather events; the destruction or disruption of physical
capital; erosion of natural resources from impacts on primary industries; and challenges to trade
and investment as climate impacts are felt by our regional neighbours and trading partners. Climate
change impacts on the economy will also be felt through second and third order impacts (Figure
12).
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Figure 12: Flow chart of potential channels or mechanisms for risk to the economy. Source: (Network for
Greening the Financial System (NGFS), 2024)

The overall impact of climate change on the Australian economy is difficult to quantify. Economic
modelling of climate risks and impacts is generally conservative, considering known relationships
and changes in average conditions.

Modelling using Computable General Equilibrium (CGE) or other 'whole of economy' models relies
on a quantifiable understanding of the relationships between parts of the economy and external
drivers, including climate drivers. Kompas et al. (2018) estimate long-run Australian GDP losses
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from heat stress impacts on agricultural and labour productivity at 1.08% per annum under the 3°C
global warming scenario and up to 1.6% in the 4°C scenarios. However, it should be noted that
damage functions used in this model do not include other climate related impacts such as from sea
level rise, loss of biodiversity, bushfires and floods.

Fernando, Liu, and McKibbin (2024) studied the magnitude of change in risk premia due to physical
climate risk. According to the study, physical climate risks are projected to cause significant losses
under two climate scenarios. Depending on regions, real GDP losses range from 0.3% to 2% per
year by 2050 under SSP 1-2.6 and from 1.3% to 9% under SSP 2-4.5. This equates to global
cumulative real GDP losses, relative to the baseline scenario of no effects of future GDP
performance, (in 2018 $US) from 2021 to 2050 that range from $35.77 trillion under SSP 1-2.6 to
$93.93 trillion under SSP 2-4.5.

Recent studies utilising damage functions found that a 1°C increase in global mean temperature
could reduce global GDP by 12%, and if global mean temperatures reach +3°C GWL this would
result in "precipitous declines in output, capital and consumption that exceed 50% by 2100" (Bilal &
Kanzig, 2024).

Economic modelling generally considers changes to the median. The most common scenarios used
SSP 1-2.6 which delivers a best estimate of global warming of 1.7°C (1.3 to 2.2) by 2050 and 1.8°C
(1.3 to 2.4) by 2090 while for SSP 2-4.5 global warming best estimates are 2.0°C by 2050 (1.5 to
2.5) and 2.7°C (2.1 to 3.5) by 2090 (IPCC, 2021). There is a body of research that emphasises the
need for economic analysis to consider the deep uncertainty associated with climate change to
better understand the potential macroeconomic consequences (Weitzman, 2012; Weitzman, 2014;
Weitzman & Wagner, 2015). There are several ways in which the impacts from climate change
could be much higher than generally considered. First, scenarios of high global emissions remain
plausible, even if they are unlikely. Second, the global warming response to emissions is often
described by the median or likely (>66% chance) confidence interval of achieving a certain
temperature outcome, meaning that risks from 'tails' (e.g. <5% or >95% confidence interval) may be
left unexplored. Third, the climate response to a given warming level could be at the high end of the
plausible range in terms of change to extreme events (including unprecedented or record-shattering
'‘Grey and Black Swan' events), and the potential for triggering abrupt, non-linear geo-physical
changes (climate tipping points).

Failing to account for 'tail risk', where the probability of extreme climate outcomes is small but non-
negligible, and the potential damages are enormous, may be leading to systematic under-estimation
of the possible economic impacts of the changing climate (Barro, 2013).

While the full dynamic response of the Australian economy to national and global climate change
impacts is not fully understood, even for low-to-moderate-scenario future changes, many of the
mechanisms for impacts can be identified. These include decreased economic productivity in the
short term, increased mortality, increased heat stress and the potential for climate shocks to reduce
not only short-term consumption but also future expected consumption growth (Bansal, Ochoa, &
Kiku, 2016).

Some impacts on the economy, trade and finance can originate from less expected sources, for
example the impacts of disease and pests, as the Australian environment is very susceptible to
biosecurity risks. Increasing temperatures and wet weather create conditions conducive to the
easier spread of pests and diseases across industries, along supply chains as well as across
seasons and regions that would traditionally be more separated.
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The primary mechanisms for economic impacts from climate change are discussed below.

5.2 Climate sensitive industries

Businesses with a workforce that operates primarily outdoors are highly exposed to risks from the
changing climate, both from chronic changes and acute events.

Increases in heat, particularly across northern Australia, are projected with high confidence as the
climate changes (Australian Climate Service, 2025b). This is likely to affect sectors with high
proportions of outdoor workers, including agriculture, construction, manufacturing, and mining (NSW
Treasury, 2021). NSW Treasury (2021) calculated that by 2061 between 700,000 (GWL +3.0°C)
and 2.7 million (>GWL +3.0°C) additional days of work are projected to be lost each year in
agriculture, construction, manufacturing and mining due to the higher frequency and intensity of
heatwaves. A study for the city of Perth projects that by 2070, manual labour will be hazardous to
perform 15—-26 days per year, compared with 1 day per year at present for acclimatised individuals
(Zhang et al., 2018).

The flow-on effects of this could be significant for labour-based work and are likely to affect the
broader economy. Unpleasant working conditions outdoors and extreme climate events could push
workers into other industries, creating labour shortages. Impediments to workforce stability and
productivity may impact regional employment markets (Australian Climate Service, 2025e). For
example, 6,000 jobs were lost at the height of the Millennium Drought (van Dijk et al., 2013), and it's
estimated that over 7,000 jobs were lost due to the Black Summer bushfires (Reiner et al., 2024).
Attracting new workers to areas affected by extreme weather and climate change, or those where
natural disasters have occurred, will become increasingly difficult. These industries are
characterised by a large number of relatively small family-owned businesses, they often operate on
thin profit margins and lack the resources to implement significant changes in their operations.
Reduced productivity and reduced employment opportunities in communities dependent on these
industries may threaten the economic viability of regional and remote communities.

The 2023 Intergenerational Report shows that, in the absence of adaptation measures, increased
heat stress could reduce labour productivity by 0.2-0.8% by 2063 (global warming levels up to 3°C).
This would reduce economic output by $135-423 billion in today’s dollars over the 40 years to 2063.
Limiting warming to 2°C could avoid $155 billion cumulative losses to GDP over the 40 years to
2063 by reducing this impact, relative to the 3°C scenario (Commonwealth of Australia, 2023).

5.2.1 Primary industry — agriculture

Primary industry production is dependent on a suitable workforce, a reasonably stable environment
and appropriate markets. Climate change is expected to directly affect agricultural production
through changes in rainfall patterns, runoff and temperatures (NSW Treasury, 2021; Rickards,
2012). Chronic changes, such as rising temperatures and altered precipitation patterns, can affect
the suitability of crop types and growing seasons and impact livestock health (Lieffering, Newton,
Vibart, & Li, 2016; Arnell & Freeman, 2021). In addition, extreme weather events such as droughts
or storms can severely reduce crop yields (e.g. King et al. (2017)).

Changes in climate since 2000 (relative to 1950-1999 climate) have reduced annual broadacre farm
profits by 22%, around $18,600 per farm (Hughes et al., 2019). This represents an average annual
loss in revenue (gross value of production) for the cropping industry of $1.1 billion, based on
production levels from 2015-16 to 2017-18 (Hughes, Lu, Soh, & Lawson, 2022). Drought costs the
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northern Australian agricultural industry approximately 19% of output per year, although the range
of impacts may be as low as 10% and rise as high as 40% depending on drought-affected
properties (Tran et al., 2016). By 2061, lost production in agriculture due to pastoral and growing
conditions is estimated to be between $750 million and $1.5 billion (in real 2019-20 dollars),
depending on the climate scenario (Hughes, Lu, Soh, & Lawson, 2022).

Examples of modelled losses for specific crops or regions include:

e The Intergenerational Report (2023) estimated that crop yields could be about 1% lower by 2063
in a scenario where global temperature increases are limited to 3°C by 2100, and up to 4%
lower in an exceeding 4°C temperature increase world.

e Anincrease in growing season temperature of 1°C is expected to result in a 9% decrease in the
average price of grapes (Puga et al., 2022).

o By 2050, extreme events related to climate change are projected to halve the agricultural output
of the irrigated areas of the Murray—Darling Basin. The Basin covers much of New South Wales
(NSW) and currently accounts for 50% of Australia’s irrigated agrarian production by value
(NSW Government, 2025b)

o Australian wheat yields are projected to decline by up to 30% in southwest Australia and 15% in
southern Australia by 2050 (Lawrence et al., 2022).

e According to the OECD (2015), crop yield declines in Australia and New Zealand range from
30% or more for oilseeds, 10-15% for fruits, vegetables, and other grains, and 10% for plant
fibres under an RCP8.5-like scenario.

o The average number of heat stress days for livestock is projected to increase by 12-15 days by
2025 and by 31-42 days per year by 2050, compared to the period from 1970 to 2000. However,
some have noted that impacts may be more severe in other parts of the world, making
Australia’s produce more competitive (OECD, 2015).

o The risk of heat stress in cattle increases from southern to northern Australia and is greater for
European beef and dairy breeds. All regions will experience a greater number of days classified
as heat stress conditions for European beef breed and dairy cattle, with 1.4 to 5.4 million km? of
Australia experiencing this heat stress load for at least 150 days per year (Darbyshire et al.,
2025).

¢ Droughts are projected to become more severe across Australia as a whole due to climate
change and increased rainfall variability. By 2061, it is projected that climate change impacts on
pastoral and agricultural conditions could lead to annual average production losses of between
$750 million and $1.5 billion (NSW Government, 2025b).

¢ Hughes et al. (2019) found negative impacts on broadacre farming across all states and
territories (except the Northern Territory) due to drought. As an example, in the cropping sector,
profits were reduced, on average, by 35% for a typical cropping farm under severe drought
conditions.

Steffen et al. (2019) calculated the direct and indirect impacts that climate change is likely to have
on regional production, transportation, food retailing, food prices, and economic as well as social
outcomes. According to the analysis, the impacts of heat on agricultural and labour productivity
would amount to $19 billion per year by 2030 and $211 billion by 2050, with a cumulative loss in
wealth projected to reach $4.2 trillion by 2100. These estimates do not account for losses from
extreme events such as riverine flooding, bushfires, storms, or tropical cyclones.

Australian Climate Service | Real Economy Technical Report | 2025

28



Climate risks to the agriculture sector can reduce the viability of rural communities and negatively
affect social structures (Figure 13). Rural communities often have older populations and lower
incomes, and where this is the case will have lower adaptive capacity and are likely to be
disproportionately affected by climate impacts (Lawrence, et al., 2022).
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Figure 13: Map of potential impacts of climate risks on Agricultural activity and impacts on socioeconomic
outcomes. Source: Finity, 2024
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BREAKOUT BOX 3: Global impacts of water and heat stress on food security
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Figure 14: Time spent in drought for the current climate

(+1.2°C above the preindustrial average) and the
change at each future global warming level (+1.5°C,

+2.0°C and +3.0°C ) compared with the current climate.

(Australian Climate Service, 2025b)

Agriculture accounts for 70% of total water
withdrawals and supplies 40% of the global
calories consumed by humans. Kompas, Che,
and Grafton (2024) employed a large-scale
computational global climate and trade model
to project the impacts of water and heat stress
on global food supply and food security
through to 2050. The study employed three
climate scenarios: SSP2-4.5, SSP2-8.5, and
SSP3-8.5, and defined projected population
increases. Global food production is estimated
to decline by 6%, 10%, and 14% by 2050
under the three climate scenarios. The
number of people with severe food insecurity
is projected to increase by 556 million, 935
million, and 1.36 billion by 2050 compared to
the baseline. The African continent is
identified as the most threatened due to the
projected increases in Africa’s population by
2050, followed by the Middle East, South
Asia, and Central America. Future climate
changes exacerbate adverse impacts on
agricultural productivity and yields, and the
uncertainty of future water availability
intensifies water stress in many regions,
including China, India, Pakistan, and the
United States.

In Australia, the average time spent in drought
is projected to increase under all future
warming scenarios, with areas of southern
Australia (Victoria, South Australia, Tasmania
and southern Western Australia) likely to
experience the highest increases (Figure 14).

Even though the economy produces more than enough food to sustain domestic consumption, the
interconnection with global markets means that increases in international demand or reductions in
supply are likely to result in price increases, which likely to be reflected in higher domestic prices.
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Industry interviews — agriculture

Methodology for the interviews is documented in Appendix C.

Agricultural firms are active risk-takers, operating in more uncertain environments than most
businesses in other industries; adapting to climate and weather changes is an integral part of daily
agricultural operations. Agri-businesses are accustomed to variable outcomes from year to year,
depending on seasonal harvest outcomes. However, the perception of interviewees is that the
physical risks from climate change is exacerbating existing business risks (Figure 15).
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Figure 15: Agriculture industry relative risk map. Source: Finity, 2024

5.2.2 Primary industry — mining

Mining can be affected by droughts and other weather events. For example, a bauxite mine in
Weipa, Queensland was disrupted by weather impacts in 2016, resulting in a 7% decrease in
production compared to the previous year. Similarly, the 2010-2011 extreme weather resulted in
85% of Queensland’s coal mines having restricted production or having to close entirely. Some
mines needed months to recover (Australian Government, 2012).

Recently, Gao (2024) explored the economic impacts of physical risks and noted that physical risks
cause losses in microeconomic output, including disruptions to supply chains and impacts on labour
productivity. This research notes that these impacts, along with rising temperatures and other
weather events, could create challenging conditions for mining worldwide, including exacerbating
water scarcity. The paper found that for every degree of warming, mining productivity declines by
3%, but prolonged dry periods can lead to increased output.

Most mining companies are large and well-diversified businesses, supported by long-term contracts
for their delivery. Larger mining companies diversify their climate risk by operating multiple mines for
the same commodity in different locations. They also have sufficient scale of funding to compensate
customers or purchase commodities from others to complete their delivery commitments.
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Exploration is essential to for the ongoing health of the industry, and extreme weather risks are
slowing down this effort. This work is usually carried out by junior mining businesses, these
companies frequently take on very high levels of risk in their operations, often without access to
flexible financing products to help deal with disruptions or additional capital requirements. If severe
or extreme climate events threaten exploration plans or chronic changes threaten the ability to
benefit from discovered deposits, future production schedules may be impacted, which in turn could
increase the climate-related financial risks for large mining firms in the longer term.

Australia is one of the world's largest exporters of natural gas in the form of liquefied natural gas
(LNG). Temperature increases impact liquification efficiency and increase off-gassing rates during
transport, which in turn reduces the effective production of exported LNG.

International commodity prices can vary significantly over time, especially when disrupted by climate
hazard impacts, influencing the revenue projections and values of mining operations. The values of
projects can fluctuate significantly. These values influence the profitability of projects, with climate
hazards adding additional risks in an already risky business. Increasing uncertainties in supply
chains due to the potential for disruption from climate events affect both commodity exports and
imports of critical goods and equipment.

Demand from manufacturing industries for critical rare earth minerals is expected to increase in the
near future. The mining industry is well-positioned to capitalise on this demand.

Industry interviews — mining

The methodology for the interviews is documented in Appendix C.

Mining assets are particularly susceptible to climate hazards. Mining activity is vulnerable to
disruptions due to floods, storms, and cyclones in the northern part of Australia. In addition, the
supply of commodities is also susceptible to disruptions in transportation and at export terminals.
Interviews with mining companies identified multiple routes for climate change to have introduced
risk to mining productivity (Figure 16).
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Figure 16: Mining industry relative risk map. Source: Finity, 2024
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5.2.3 Tourism

Whitsunday Islands coral reef from the air. Credit: Helen Williams

Tourism in Australia is heavily reliant on outdoor attractions, it is, therefore, highly exposed to
climate change. Possible impacts from the changing climate include the potential loss of iconic
ecosystems and species, which would reduce the natural assets and biodiversity on which much of
Australian tourism relies (Nicol et al., 2025). Most notably, the Great Barrier Reef, which generated
$6.4 billion (pre-COVID) of revenue for the Australian economy, has suffered repeated bleaching
events (Great Barrier Reef Marine Park Authority, 2024; Henley et al., 2024). This has the potential
to impact a large tourism sector in north Queensland. The Australian ski industry is also
experiencing reductions in snow depth and season length (Olsson et al., 2025).

Mechanisms for climate change impacts on tourism include:
o Damage to attraction sites (example: Phillip Island, Victoria) (DCCEEW, n.d.)

¢ Reduced accessibility to locations (example: Kakadu Rainforest, Northern Territory) (Director
of National Parks, 2010)

e Supply chain disruptions (example: Trans Australian Railway, Western Australia and South
Australia) (ABC News, 2024)

e Adaptation costs (example: Great Barrier Reef, Queensland) (DCCEEW, 2024)
¢ Reputational damage (example: Blue Mountains, NSW) (Blue Mountains City Council, 2022)

¢ Increased health risks (example: Hervey Bay and K'gari Island, Queensland) (IUCN World
Heritage Outlook, 2020)

The impact is not uniform and varies significantly by site type (natural or artificial) and category
(beaches, vineyards, or rainforests). Queensland has the highest number of sites facing high
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climate risks compared to other regions. Key tourism assets in Queensland are concentrated along
the coastline, spanning the length of the state. Many airports are also coastal and can face
significant impacts from storms, flooding, heat, and wind causing flight disruptions and damage to
infrastructure. Consequently, natural disasters at or near these assets can have a severe impact on
the visitor economy. The effect on local businesses can last for many years after the event.

The 2023 Intergenerational Report projects that tourism arrivals could decrease by more than 10%
in a scenario where global temperature increases are limited to 3°C by 2100, and about 25% in an
exceeding 4°C scenario (Commonwealth of Australia, 2023).

Loss of business revenues due to climate change can in turn lead to loss of government revenues
(Hoegh-Guldberg et al., 2019). For example, the Great Barrier Reef is an economic, social and
iconic asset worth AU$56 billion (O’Mahoney et al., 2017).

Tourism employs one in 12 people in rural Australia (Tourism Australia, 2020), consequently,
climate change impacts will be disproportionately large in rural areas, affecting the economic
viability of some rural towns. The tourism sector is characterised by a large number of relatively
small family-owned businesses that often operate on thin profit margins and lack the resources to
implement significant changes in their operations and so these small businesses will
disproportionately feel the impacts from climate change.

5.3 Built environment impacts

Much of Australia's housing stock and infrastructure has not been built to cope with rising
temperatures and the increased severity of storm, drought, and bushfire events. The risks of
extreme natural hazard events, such as bushfires, severe storms, floods, coastal erosion, and
inundation of low-lying coastal areas, is increasing. The increased costs of repairs, insurance and
maintenance will impose a financial burden on homeowners and other property owners. These will
have cascading impacts and could result in reduced property values in high-risk areas. These
growing financial burdens will have an indirect effect of reducing expenditure on other goods and
services, impacting the economic wellbeing of Australian states and the nation as a whole.

By 2030, climate change and extreme weather are expected to reduce the value of the Australian
property market by approximately $571 billion (from 2019), however, costs resulting from climate
change in the property sector are expected to be uneven (Steffen et al., 2019). Some properties are
highly exposed to significant climate change threats such as flooding, bush fires and coastal
inundation with increased costs impacting about 5-6% of properties (Steffen et al., 2019).

Local, state and federal governments are responsible for the construction, operation and
maintenance of much of the infrastructure that enables assets and industry to function. Climate
change is predicted to place significant pressure on existing infrastructure and increase the costs
associated with constructing new infrastructure. Local governments will have concentrated impacts
and are less able to manage revenue impacts than state and federal governments, while bearing
the brunt of managing climate events.

Critical infrastructure assets and services are also at risk. The increase in rainfall variability and
rising temperatures will lead to increased demands on water supplies; while water infrastructure
may in turn be impacted by increased temperature and the increased frequency and severity of
extreme events (Matic et al., 2025). Electricity infrastructure, roads, rail assets, airports, and
shipping ports will cost more to maintain and repair as climate impacts intensify (Colvin et al., 2020).
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Industry interviews — construction

The methodology for the interviews is documented in Appendix C.

The construction industry is facing increasing pressures, with higher demand for new construction
and a more challenging operating environment, characterised by more unpredictable and severe
weather, as well as higher temperatures that impact working conditions.

Following natural disasters and extreme weather events, the demand for construction materials
increases sharply due to additional use resulting from repair and reconstruction activities, leading to
price increases.

Construction during hot days is becoming more dangerous. Alternative approaches to mitigate this
risk have been widely deployed in very hot countries, include varying the construction activity time
to avoid the hottest part of the day and conducting activities at night. However, changes to work rest
ratios and other measures can reduce productivity and conducting activities at night can generate
additional risks.

Buildings are designed for an “expected climate regime” with many built to out-dated standards. In
older buildings poor thermal performance leads to higher electricity demand for their cooling, while
improving thermal efficiency of older buildings through retrofits can be slow and expensive
potentially reducing the value of older properties due to the higher costs of use.

Using expert views gathered through interviews Finity mapped the risks described above into the
physical risk and intensity of impacts dimensions (Figure 17).

r s

1. Rebuilding of communities after extreme events

2. Working conditions with higher temperatures 3 2

3. Exposure of old buildings to extreme heat

(-) PHYSICAL RISK (+)
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Low Risk Medium Risk . High Risk

Figure 17: Construction industry relative risk map. Source: Finity, 2024
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5.3.1 Coastal housing and the built environment

Property and land are exposed to loss and damage from sea-level rise and other coastal hazards
(Australian Climate Service, 2025e). Sea levels will continue to rise even if greenhouse gas
emissions are stabilised at current levels (Table 4), although they will rise more slowly at lower
levels of global warming. Rising sea levels will exacerbate the impacts of coastal hazards such as
storm surge, estuarine flooding and tropical cyclones (Figure 18).

If greenhouse gas emissions remain high, more than $226 billion of commercial, industrial, road, rail
and residential assets are at risk from sea level rise by 2100 (Steffen et al., 2019). The number of
coastal assets at risk from the combined impact of inundation and shoreline recession is 5,800-
8,600 commercial buildings, worth $58-81 billion, and between 3,700 and 6,200 light industrial
buildings, worth $4.2-6.7 billion. Sea level rise presents a unique risk because it is not generally
covered by private insurance contracts.

Maijor urban centres located along the coast, such as Sydney, Melbourne, Brisbane, Perth, and
Adelaide, are particularly at risk from the impacts of climate change due to their dense populations,
extensive infrastructure, and economic significance. Coastal suburbs and waterfront developments
within these cities face risks from sea level rise, storm surges, and extreme weather events.
Childcare, aged care, and education facilities are at risk in these locations, as are the services they
provide, which are a critical component of social support for vulnerable segments of communities.

Australians continue to migrate to coastal areas with coastal cities growing faster than other areas
(DITRDCA, 2022). This will tend to increase exposure to coastal hazards.

Kompas et al. (2022) estimated the economic impacts of coastal sea level rise and storm surge
across regions and land use classifications in Victoria to be $9.44 billion per year to 2040, $14.77
billion per year to 2070, and $23.66 billion per year to 2100 (in non-discounted values). This
represents a reduction of 1.73%, 2.06%, and 2.68% of the Victorian Gross State Product (GSP) per
year in 2040, 2070, and 2100, respectively. This work identified that approximately 151,000 current
residential and commercial properties in Victoria, along with key infrastructure, will be at risk by
2100, with over 333,000 properties exposed to at least some damage from inundation, at a total
market value of the property portfolio in Victoria showing a 3.7% loss in 2100 or (approximately)
more than $104 billion in current value. The study identified that actions that avoid $1 of impact
before 2040 are equivalent to avoiding $4 in 2070 and $10 in 2100. This study also noted the
impacts on heritage properties and cultural and traditional values, but the economic value of these
was not included.
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Figure 18: Regional changes in frequency of extreme water level for different sea level increments compared
with current climate (Australian Climate Service, 2025b).

Table 4: Projected changes to sea level for different time frames and global warming levels relative to current
climate. Circles indicate a confidence rating based on the direction of change. 3 circles = high confidence, 2
circles = medium confidence, 1 circle = low confidence (Australian Climate Service, 2025b).
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CASE STUDY: Non-market value impacts from coastal sea level rise in the Kimberley
Region

Mangroves growing in the water in Broome, Western Australia. Credit: Yellow Garnet
Photography

The Kimberley Region of Western Australia is one of the highest-risk areas from sea level
rise in Australia (Figure 18). Coastal ecosystems, such as those in the Kimberley Region,
provide essential goods and services including carbon storage, coastal protection, improved
water quality, and storm and erosion protection. Coastal ecosystems regulate the climate by
influencing local temperature and humidity — this is by far the benefit with the highest non-
market value they provide. Coastal erosion and flood control have the next largest non-
market value.

Kompas et al. (2024) estimated the non-market value losses of the Kimberley’s coastal
ecosystem and wetlands under the two climate scenarios, RCP4.5 and RCP8.5. The
average annual non-market losses from sea level rise are estimated to be $4.3 billion by
2050 and $12.8 — $16.5 billion by 2100 under the RCP8.5 climate scenario. This is
equivalent to approximately 41.5% and 66.2% of the region’s current gross value product
(GVP). The same study showed that rising seas could result in the permanent displacement
of around 40,000 residents, including approximately 16,000 Indigenous residents.

Australian Climate Service | Real Economy Technical Report | 2025

38



5.3.2 Supply chains and transport

Transport networks, telecommunications, energy grids, water systems, and supply chains enable
the efficient movement of people, goods, services, and information.

Steffen et al. (2019) estimate that 27,000-35,000 km of roads and rail worth $51-67 billion are
exposed to sea level rise and erosion. Additionally, there are 120 ports, five power stations, 258
police, fire, and ambulance stations, 75 hospitals, and 44 water and waste facilities, all within 200
meters of the coast. Many of these assets provide essential services which, if disrupted, could have
significant negative impacts on local communities. This is particularly true in areas with lower
adaptive capacity, such as older or lower socioeconomic communities.

As part of the National Assessment's work, three case studies were modelled based on identified
supply chain vulnerabilities to illustrate the potential impact of future extreme weather events. The
case studies used the footprint of historical events projected into a future climate (Higgins et al.,
2025).

¢ A hypothetical major flood, based on the flooding across Victoria and NSW in October 2022 and
covering a broad geographically dispersed area. The value of blocked freight would rise from
$4.9 billion in the current climate to $9.3 billion in 2090. Health-related freight (e.g. medicines),
although not the largest impacted sector in terms of volume, would have the most significant
percentage increase in the value of freight blocked and requiring re-routing, suggesting this is a
vulnerable commodity when considering extreme events.

o A severe tropical cyclone following the path of Tropical Cyclone Jasper. Direct impacts remain
confined mainly to Queensland's north; however, greater shortages of food products would be
experienced in major distribution centres across Australia, particularly impacting those products
grown in northern Queensland, highlighting that local impacts can reverberate across the
country.

e Disruption to the critical-east west supply corridor was modelled after the February 2022 flood
event that cut access through Eyre and Stuart highways. Analysis based on a hypothetical more
severe version of this event in 2090 resulted in an average detour increase of 730 km, but
depending on severity this sometimes increased to over 3,000 km in 2090. The most impacted
LGAs were Indigenous and remote communities. Increased length of detours in 2050 and 2090
for this case study is less likely to be absorbed by vehicle fleet capacity, leading to a significantly
more extended recovery period, higher inventory depletion, and an expensive modal shift (e.g.,
air freight) in the case of priority commaodities.

5.3.3 Electricity system

The electricity grid is not engineered for significant shocks that extreme weather events may bring.
The increased frequency and severity of storms, bushfires, and floods pose significant threats to
generation assets and the transmission grid (Figure 19). Additionally, the grid will need to support
surges in demand during temperature and other weather extremes.
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o Low: 0.3

Figure 19: Electricity network infrastructure overlaid in orange Median number of days above 38°C. Left:
GWL1.1; centre: GWL2; right: difference. Source: Australian Climate Service, 2023

Demand for electricity generation is expected to increase due to additional electrification, the
growing hydrogen industry and a significant future fleet of electric vehicles. In addition, as the nation
faces rising ambient temperatures there is likely to be an increase in electricity demand as homes
and businesses use air conditioning to stay cool, which in turn increases the risk of power failures
(Climate Change Authority, 2024). Global energy demand for space cooling is projected to increase
by roughly 250% between 2010 and 2060 even without climate change, and by 330% if climate
change is taken into account (International Energy Agency, 2022).

The energy system is exposed to fires, smoke, high winds, and rainfall, affecting both
hydroelectricity and generator cooling. High temperatures (Figure 20) can also impact generation
and distribution at times when demand is high (Lawrence, et al., 2022). Weather patterns and
extreme events are already impacting the grid, as evidenced by the price spikes in June 2022 and

the Victorian bushfires in 2009.
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5.4 Direct impact from severe and extreme hazards

Severe and extreme climate events can be highly disruptive and very costly to businesses. Short-
term costs can be high. Immediately following the emergency response, work begins on restoring
basic services, clearing debris, disposing of any hazardous waste, and assessing buildings to
ensure they are safe to resume functioning. Temporary housing is typically required for evacuees
and businesses activities may be disrupted (Charlesworth & Fien, 2024).

The destruction of physical capital stock by extreme events results in depreciation of capital,
frequently to zero (Hallegatte, Jooste, & Mclsaac, 2022). These impacts vary across different asset
types, such as infrastructure and non-infrastructure (Hallegatte, et al., 2022). For example, if heavy
rainfall and flooding cause widespread pavement damage and scouring around bridges and
culverts, the reduced availability of a few key roads or transport hubs can create significant
disruptions to the transport system. Beyond the financial cost of repair, damaged roads also have
substantial flow-on effects on the functioning of local, regional, and national economies, as roads
and railways are essential infrastructure that enables trade.

Risk exposure analysis was conducted by Finity using their Finperils models to estimate the
average annual cost of damage to residential, commercial and industrial assets (including private
and public sector assets) for flood, bushfire, storm and tropical cyclone in 2024 and projections to
2050 and 2090 under a low-emissions and high-emissions IPCC scenario (SSP1-2.6/RCP2.6 and
SSP5-8.5/RCP8.5 respectively) (Table 5).

For the built environment domain, the average annual losses (AAL) provides the expected (mean)
annual cost of damage to a property by calculating the cost of rebuilding it (note: this is distinct from
the market value of an asset and does not include the allowance for the value of the land). The
costs are based on exposure and vulnerability estimates for a particular hazard by integrating the
natural hazard density curve over all probabilities. It can also be referred to as Average Annual
Damage (AAD).

Table 5: Projected average annual losses (AAL) by hazard by emissions scenario

Baseline Low Emissions Scenario High Emissions Scenario

2024 2050 2090 2050 2090

Storm $ 5.160 $ 5216 $ 5.269 $ 5.073 $ 5.005
Flood $ 2.895 $ 3.123 $ 3.319 $ 3.549 $ 3.876
Cyclone $ 1.900 $ 2432 $ 2.508 $ 3.077 $ 4.959
Bushfire $ 0.799 $ 0.858 $ 0.865 $ 1.048 $ 1.602

In adjusting models, Finity follows the scientific guidelines of the Climate Measurement Standards Initiative
(Climate-KIC Australia, 2020) and is consistent with the guidelines set out in the NSW Treasury Disaster Cost-
Benefit Framework (NSW Treasury, 2023) and its definition of the AAL (or AAD).

The Colvin Review undertook financial and economic analysis to consider how a changing climate
may contribute to the total economic cost, including both financial and social costs, of future
disasters across each state and territory for floods, bushfires, storm surges and tropical cyclones
under a moderate emissions scenario and a high emissions scenario between now and 2049-50
(Colvin, 2024). The Colvin Review projected disaster costs across each state and territory for flood,
bushfire, storm, cyclone and hailstorm for a moderate emissions scenario may total an annual cost

Australian Climate Service | Real Economy Technical Report | 2025

41



of approximately $40.3 billion by 2049-50 (median value) or up to $200.62 billion at the 95™
percentile (Figure 21) (Colvin, 2024). This modelling included both financial and social costs. Their
estimates (Figure 21) are the P95 estimate of total economic cost for the financial year ending in
2050; that is, the value at which there is a 95 per cent chance, or level of confidence, that the actual
cost will not exceed this amount, and therefore are likely to be an upper bound.
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Figure 21: Total economic cost by hazard by jurisdiction (A$ billion | Real 2023-24). 95th percentile estimates
including the impact of climate change under a moderate emissions scenario for 2049-50. Source: adapted

from The Colvin Review (Colvin, 2024) from ICA Historical Catastrophe dataset, 2023. ACT has only two
events with associated insured losses recorded in the ICA dataset.
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5.4.1 Impacts on government finances

Governments have a direct role in funding emergency response and recovery and the ability of
governments to respond effectively and rapidly to extreme events is vital to maximising the impact
of the support. Governments also provide disaster relief payments to individuals, loans and
subsidies to businesses, and other funding that support local governments, businesses and
households in their recovery processes. This investment minimises additional risks and reduces the
likelihood of more costly support being required over a longer period.

However, financing these responses carries with it additional risks. Increased government
expenditure triggered by extreme events has been linked to weakened government debt credit
ratings (due to unexpected and substantial government expenditure impacting long-term
government fiscal discipline); this may, in turn, increase the required rate of returns on investment in
government debt (Marto, Papageorgiou, & Klyuev, 2017).

As part of the 2023 Intergenerational Report, Treasury modelled the expected change in future
Commonwealth Disaster Recovery Funding Arrangements (DRFA) expenditure, relative to historic
average DRFA expenditure (Commonwealth of Australia, 2023). For the National Assessment, The
Treasury has extended this analysis to 2090 across three Representative Concentration Pathways
(RCPs) — RCP 2.6, RCP 4.5 and RCP 8.5 for bushfires, tropical cyclones, floods, and storms. (All
data and assumptions used are identical to those in the 2023 Intergenerational Report, Appendix A5
(Commonwealth of Australia, 2023)).
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Figure 22: Expected increase in average annual Commonwealth DRFA expenditure from 2023-24 to 2089-90,
total percentage change
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The analysis shows that the fiscal costs to the government of natural disasters could increase
significantly over time (Figure 22). In 2050, Commonwealth DRFA expenditure is projected to
double (increase on average between 1.1 and 1.5) above 2023-2024 levels. By 2090, it is projected
to increase by 5 to 7.2 times 2.

These projections represent only a portion of natural disaster related expenditure and exclude State
expenditure under the DRFA and non-DRFA expenditure by all levels of government. Beyond direct
DRFA costs, there are other fiscal impacts, including increased payments through social security
and transfer programs as well as foregone tax revenue due to lost employment and economic
opportunities. This is in addition to other significant costs to repair physical infrastructure, health,
social, and environmental impacts, as well as the unpaid labour typically deployed to support
affected communities.

There are also other routes whereby climate change can have direct impacts on governments’
budgets. For example, health services are likely to come under pressure due to the increase in
heatwaves and other health effects of climate change (Beaty et al., 2025). These services will need
to grow and adapt to meet the increasing demand (NSW Government, 2025a). This is also true for
mental health services for affected communities, particularly those in agriculture and related
industries (Berry et al., 2011).

Cross system risks related to disasters and emergency response are discussed further in Australia's
National Assessment report (Australian Climate Service, 2025d) and in the National Disasters and
Emergency Management Technical Report (Australian Climate Service, 2025f).

5.5 Finance, insurance and markets

Climate change is projected to have both direct and indirect financial impacts. Direct costs include
rebuilding damaged or destroyed property while indirect consequences include changes to asset
values with flow-on effects to personal wealth and financial institution portfolios, including
superannuation funds.

5.5.1 Banking and finance

Banks and insurance companies are highly exposed to climate risks. Extreme climate events may
interrupt bank operation, disrupting cash services, payment system, and financing, thereby
hindering the functioning of the economy.

2 Natural disaster expenditure is highly volatile, and current models have limitations in predicting
natural disaster events. This analysis thus considers expected costs, not actual costs. Expected
costs represent the average cost of a disaster event in any given year, while the actual costs
represent the total cost incurred if a disaster event materialises. Actual costs will vary significantly
year-on-year.
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Banks are also exposed through their lending and underwriting of property, assets and businesses.
This is particularly true for mortgage lending, which accounts for approximately two-thirds of major
bank lending and business lending to the agricultural sector. Banks typically lend using a property’s
current value as collateral, however, international studies currently show little evidence that climate
risk is being priced into property values (Bellrose et al., 2021). Household mortgage loans typically
require insurance, therefore climate risks can also arise in portfolios when properties are
inadequately insured.

Climate-related physical risk could negatively impact property prices (APRA, 2022; Kurian et al.,
2023), For example, following the 2022 northern NSW and south-east Queensland floods,
Mullumbimby recorded the most significant 12-month decline in property prices nationally, down
30.1%, equivalent to a $432,000 decline in the median value. This was followed by south Lismore,
where values decreased by 27% over the same period (CoreLogic (2023)). Steffen et al. (2019) also
examined the impacts on the property market, finding that damage-related losses in property values
could reach $611 billion in 2050 and $770 billion in 2100, noting that these impacts are very
unevenly distributed.

The APRA Banking Climate Vulnerability Assessment (CVA) was conducted with Australia’s five
largest banks to assess the nature and extent of climate risks to financial institutions (APRA, 2022).
It provided initial insights into the impacts of climate change’s physical risks on banks and the
security of the financial system. It identified that banks would face impacts to their ability to lend as
a result of climate risk through declining asset values and increasing insurance costs. Under high-
warming scenarios, upper estimates projected lending rate losses could increase by up to 3x the
historical average by 2050. Some regions (e.g. parts of northern Australia) are more vulnerable than
others to physical risks. Results from the CVA suggest that while "banks would continue their broad-
based mortgage lending activities, the banks indicated that this stance was partly contingent on
additional policy support for more at-risk regions" (APRA, 2022).

Climate impacts could be underestimated as climate scenario analysis and financial loss reporting is
evolving and generally does not consider compounding climate damage and the potential for
financial and economic system instability under higher warming scenarios. There are multiple
feedback loops between the finance sector and the rest of the economy (Figure 23). However, there
is a limited understanding of the relationships between direct and indirect impacts and how these
can be transmitted through the financial system, which could trigger increasing volatility. As direct
impacts increase in frequency and severity, the relationship between parts of the finance sector and
the rest of the economy becomes more important.
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Figure 23: Potential economic-financial dynamics associated with climate risk. Source: Finity, 2024

Australia’s 'Big Four' banks hold approximately $1.7 trillion in mortgage loans, which represent 52%
of their total Australian lending exposure. In 2021, the Australian Prudential Regulation Authority
(APRA) released guidance for regulated entities (banks, insurers and superannuation trustees) to
assist entities in complying with existing risk and governance standards, and to set out prudent
practices in relation to climate risk management.
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Industry interviews — finance

The methodology for the interviews is documented in Appendix C.
Using expert interviews, Finity identified significant risks to the finance industry.

Significant adjustments in asset values can happen after a natural disaster. Such adjustments need
to be reflected in bank financial assets (loans) and can lead to unexpected changes in risks
contained in portfolio values of those financial assets challenging financial stability.

Insurance is becoming increasingly critical, even as the availability and affordability of insurance
coverage comes under increasing affordability pressures in certain geographies. Insurers may
withdraw or significantly increase the price of specific cover as a response to understanding more
about the potential damage which can be caused by a particular climate hazard in a particular area,
or as a response to changes in the frequency and magnitude of the risk.

Disruptions in business activities due to climate and extreme weather events cause cashflow
variability over time with businesses attempting to catch up on lost revenue or ceasing to continue
to do business. Shocks to business revenues can be exacerbated due to disruption to payment
systems, and high insurance claim volumes may cause delays in claims processing. This can be
transmitted into the financial system via declines in cashflows and breaches of loan covenants or
forced asset sales.

Potential increases in financing costs impact all businesses large, medium and small. Impacts to
costs of financing and investing in resilience actions impact returns.

The risks described above were mapped onto the physical risk and intensity of impacts dimensions
(Figure 24).

1. Decreases in financial stability

2. Availability and affordability of insurance products

3. Shocks to business revenues and cashflows

4. Insurance industry faces more claims

5. Impacts of increased costs of financing and investing

() PHYSICAL RISK (+)

() IMPACT INTENSITY (+)

Low Risk Medium Risk [l High Risk

Figure 24: Finance relative risk map from interviews. Source: Finity, 2024
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5.5.2Insurance

Insurance allows individuals and households to financially manage their risk exposures by
participating in a larger collective. By paying regular premiums, policyholders transfer their financial
risk to the insurance company, which manages that risk by diversifying portfolios and by using
reinsurance. However, climate change presents a challenge for insurance companies as severe and
extreme events may become more frequent or change in severity, affecting magnitude of losses
(Figure 25). Insured weather-related losses totalled $13 billion between 2019 and 2022 across 11
catastrophes (ICA, 2022).
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Figure 25:Normalised value of insured losses caused by natural disasters, 1982—-83 to 2024 -25. Impacts from
non-climate-driven disasters, such as earthquakes and gas disruption, are excluded. (Source: Insurance
Council of Australia, 2025)

Pressures on the affordability and availability of insurance coverage for at-risk communities are
likely to intensify as severe and extreme events become more frequent or more severe. In its 2022
home insurance affordability report, the Actuaries Institute noted that the impact of climate change
would be three times worse for households experiencing affordability stress compared to those not
experiencing affordability stress (Actuaries Institute, 2022). Townsville, for example, has a median
weekly household income of $1,621, which is below the national average (Australian Bureau of
Statistics, 2021); this economic vulnerability was evident in the 2019 Townsville floods, where, 10%
of residents impacted had no insurance at all (ACCC, 2020).

Increases in insurance premiums in the future could decrease the affordability of full insurance
coverage for households (ACCC, 2020; Vij et al., 2022), leading to underinsurance, or a 'protection
gap'. Swiss Re estimates the protection gap in Australia for natural catastrophe losses for the
decade 2014—23 at US$12 billion, which is 33% of the estimated US$37 billion cost of natural
catastrophes over that period (Swiss Re Group, 2024). There is pronounced regional variation in the
rate of non-insurance across Australia. While exact figures are unknown, it is estimated that the rate
of residential buildings without insurance across northern Australia stands at about 20%, compared
to a rate of approximately 11% for the rest of Australia (ACCC, 2020).
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According to analysis by the Actuaries Institute (2024), over the year to March 2024, the proportion
of "affordability-stressed" households — those facing insurance premiums equivalent to more than
four weeks of gross household income — rose to 15% or 1.61 million households. This proportion
continued to increase from 12% in 2023, up from 10% in 2022, with Queensland (24%), the
Northern Territory (19%) and NSW (17%) facing the highest proportions of households under
affordability stress (Paddam, Liu, Philip, Smith, & Nagarajan, 2024).

Median affordability

B ro pressure: 0 - L1weeks B Low pressure: 11 - 18 weeks Medium pressure: 1.8 - 2.5 weeks

B Extreme pressure: 4+ weeks [l Mo exposure

Figure 26: Median Australian Actuaries Home Insurance Affordability Index (AAHIA) by Local Government
Area. Source: (Paddam, Liu, Philip et al., 2024)

Local Government Areas suffering from extreme home insurance affordability pressures are
concentrated in regional Western Australia, the Northern Territory, southwest Queensland, and the
Northern Rivers region of NSW (Figure 26). Metropolitan areas typically have lower peril risks and
higher incomes. This means that the capital cities have lower affordability pressures on average.
However, affordability pressure remains present in parts of the capital cities of Greater Sydney,
Greater Melbourne, and Greater Perth, particularly on the outskirts of the city limits.

There is an increased risk of insurers withdrawing from the market in disaster prone areas,
particularly for areas that are already the most vulnerable to climate-related disasters. Loss of
insurance could lead to loss of access to finance with flow-on impacts on house prices and,
ultimately, household financial well-being. The temporary refusal of insurance coverage after
multiple and costly floods has already been felt in some areas, such as Roma (Suncorp Group,
2014) and has been reported in Lismore.

Some positive outcomes have been observed from adaptation investment. In Roma, Suncorp stated
that the Queensland Government needed to mitigate flood risk before coverage could resume
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(Suncorp Group, 2012). To address this the federal and Queensland government invested $26.5
million in the Roma flood mitigation project, which including a 5.2-kilometer earthen levee, stage
one was complete in 2015 (Maranoa Regional Council, n.d). The completion of the levee led to an
average reduction in property insurance premiums of 45% by 2021-22 (Queensland Reconstruction
Authority, 2022).

In response to these challenges, government interventions are being seen as an option to ensure
access to insurance, particularly in high climate hazard risk regions. In Australia, the Tropical
Cyclone Reinsurance Pool was established to reduce premiums for communities vulnerable to
cyclones. The ACCC'’s fourth insurance monitoring report finds the government’s cyclone
reinsurance pool has moderated rises in insurance premiums for Australian households and small
businesses facing medium to high risk of cyclones (ACCC, 2025). Consistent with its intent, the
benefits of the pool have been more pronounced in the highest cyclone risk areas, with some
policyholders receiving large premium reductions. But premiums remain very high for many
consumers and are generally rising in most parts of the country (ACCC, 2025). Broader market
pressures, like rising construction costs, continue to challenge insurance affordability.

5.5.3 International trade and finance

Detailed analysis of the transmission of risk to the Australian economy from global or regional
climate-driven impacts is out of scope of the National Assessment. However, the economy is
underpinned by integrated domestic and international supply chains. A constraint to availability
anywhere in the global supply chain can interfere with the provision of critical goods for Australian
businesses and communities. Studies of the transmission of risks through global supply chains is
the focus of a growing body of contemporaneous work?.

Australia’s export trade can be affected by climate impacts on trading partner countries, which could
have impacts on the ability to exchange materials and goods with Australia (Steffen et al., 2019).
Critical domestic port, road and rail assets support trade in fundamental ways and so impacts to
trade caused by infrastructure disruption can be substantial. These coastal assets are vulnerable to
many hazards including tropical cyclones, erosion, storm surge and flooding, all of which will be
exacerbated by rising sea levels. In 2013-14, 48,000 Australian firms exported a total of $330 billion
of goods and services, accounting for 21% of GDP. Of these exports, 12% came from the climate-
sensitive sectors of agriculture, forestry and fishing, and tourism, with tourism accounting for 84% of
these climate-exposed exports (National Climate Change Adaptation Research Facility, 2016).

Commodity prices depend on relative demand and supply of specific products. Any disruptions
including climate risk-related issues in either supply or demand of international products will have
adverse pricing outcomes. The risk of uncertainty around price levels tends to deter trade and to
move some trading into longer term contracts which some producers may find difficult to navigate.

3 For example: (Antras, Redding, & Rossi-Hansberg, 2023); (Cakmakli, Demiralp, Kalemli-Ozcan, Yesiltas, &
Yildrim, 2020), (Cakmakli, Demiralp, Kalemli-Ozcan, Yesiltas, & Yildirim, 2021), (Eppinger, Felbermayr, Krebs,
& Kukharskyy, 2020), (George, Lakhani, & Puranam, 2020); (Sforza & Steininger, 2020).

Australian Climate Service | Real Economy Technical Report | 2025

50



This uncertainty around prices can reduce production levels, leading to further supply side
disruptions.

Changing biosecurity risks also have the potential to affect Australia's international exports and
competitiveness. Warmer temperatures provide an environment that enables easier and faster
transmission of pathogens and pests to the vulnerable ecosystems (Darbyshire et al., 2025). This
presents risk linked to domestic food security as well as food exports. This risk can damage trade
relationships and reduce the value of Australian exports. Trade restrictions may be brought in to
minimise new biosecurity risks that eventuate due to climate change (Carnegie et al., 2022; Kurian
et al., 2023).

Impacts on the economy to and from international trade are likely to be material and therefore the
assessment provided in this report is likely to underestimate the risk that climate change poses to
the Australian economy, trade and finance system.

Industry interviews — impacts on trade

Methodology for the interviews is documented in Appendix C.

Trade risks are closely connected to the real economy. As a small open market economy, the ability
to deliver exports and imports is fundamental to delivering orderly economic performance.

Using expert views gathered through interviews Finity mapped the risks described above into the
physical risk and intensity of impacts dimensions (Figure 27).

1. Reliance on transport infrastructure

2. Increasing biosecurity risks

3. Commodity price uncertainty ©) ©)
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Figure 27: Trade relative risk map. Source: Finity, 2024
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5.6 Cascades and financial crises

A financial crisis is typically triggered by a combination of systemic vulnerabilities and external
shocks. Vulnerabilities can include poor risk management, concentration by asset or geography,
over-confidence or weak regulatory oversight and high interconnectedness.

Interlinked factors such as asset depreciation and employment shocks can trigger or amplify
financial crises through feedback loops that destabilises the economy. Due to the complementary
nature of capital and labour in production, when capital is destroyed there could be concurrent
shocks to employment (IMF, 2022). In addition, unavailability of workforce after extreme events due
employee absenteeism while households address the immediate damage and secure their homes
can reduce the availability of workforce when demand for workers is high. This means that
businesses may find it difficult to recover quickly or at all and could adjust by permanently reducing
the number of workers required, with ongoing impacts on local employment opportunities.

Local or regional impacts on productivity or employment can lead to erosion of social cohesion, and
Steffen, et al. (2019) show bi-directionally that physical impacts leading to unaffordable insurance or
decreasing property values may push people to leave certain areas leading to a shortage in labour
and shut down of businesses, which exacerbates local economic stresses. Community impacts
include impacts to individuals’ mental health (Makwana, 2019) worsening of chronic diseases due to
disruptions in supplies of critical medicines (Miller & Arquilla, 2012) or emergency and regular
medical care. Disruptions in education for students (Hanushek & Woessmann, 2020) can cause
longer term learning losses which could be difficult to recover.

Bellrose et al. (2021), for the Reserve Bank of Australia (RBA), looked at possible impacts on
property value using Value at Risk (VaR), with the annual expected costs of climate related damage
relative to replacement cost of dwellings as a key indicator of risk; VaR over 1% is considered high
risk. Around 3.5% of homes in Australia were reported with VaR >1%; however, this proportion is
projected to increase to 8% over the next 80 years. An estimated 0.4% change in VaR is considered
to be roughly equivalent to a 10% decline in house prices (Figure 28) (Bellrose et al., 2021).
However, the authors note that these risks are not evenly distributed and could emerge more rapidly
if buyers factor in the increasing risk of climate change in some areas.
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Figure 28: Projected increase in natural disaster costs as per cent of residential property value; by share of
total housing for RCP 8.5. Source: Bellrose et al., 2021
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The immediate impact of extreme events is likely to be reflected in both equity and corporate bond
markets (Giglio, Maggiori, Rao, Stroebel, & Weber, 2021), however, Stern and Stiglitz (2023) note
that "markets are poor at making risk assessments of complex and unknown factors" and that
"climate risk is a systemic risk, and ... the market does not do well in assessing systemic risk". As
the global financial crisis showed, credit defaults or loans based on expectations of future property
value that proved to be incorrect can create systemic impacts across the economy, creating job
losses and mass losses of wealth.

Cascading effects such as those outlined above can be exacerbated by credit risk from disruptions
in household and business cashflows and additional unexpected expenses that reduce the ability of
households and business to continue to repay their loans. These types of risks can mount very
quickly and can translate into stability issues in financial markets (RBA, 2022).

Recent advances in research in this area include estimating the term structure of discount rates for
businesses®, and real estate assets® which shows the ways that different asset classes are exposed
to climate risks. A central insight in (Giglio, Kelly, & Stroebel, 2020) considers the primary source of
uncertainty as the future path of climate change, with a likely pattern of partial recovery of the
economy following climate shocks.

Potential shocks and vulnerabilities identified by National Assessment workshop participants (Lin,
Barnett, Bluhm, et al., 2024) for the time period up to 2050 include:

e The increasing vulnerability of the financial system to climate-related risks could lead to a run on
the availability of capital, affecting investment and economic growth.

e Climate-related disruptions may cause export markets to diminish, impacting trade and
economic stability.

¢ Rising climate risks could lead to a decline in land value, affecting property markets and the
ability to raise capital.

¢ Inadequate preparation for workforce transitions in response to climate impacts could lead to
mismanagement and social dislocation.

o Climate-related economic disruptions may lead to increased social division and corporate
distrust, affecting overall societal cohesion.

e Climate-induced financial risks may not be uniformly distributed, potentially leading to uneven
regional and local impacts on communities and industries.

¢ Inadequate climate policy could limit Australia's access to international capital markets, affecting
economic growth and stability and failure to transition away from high-emission industries may
result in the unmanaged loss of economically significant sectors.

o A failure to effectively transition may lead to a rapid and severe correction in international
financial markets, potentially triggering a global economic downturn.

Impacts identified by workshop participants (Lin, Barnett, Bluhm, et al., 2024) for the 2050-2090

4 For example (van Binsbergen, Fernandez-Villaverde, Koijen, & Rubio-Ramirez, 2012) (van Binsbergen &
Koijen, 2017) and (van Binsbergen, Hueskes, Koijen, & Vrugt, 2013).
> For example (Giglio, Maggiori, Stroebel, & Weber, 2015) and (Giglio, Kelly, & Stroebel, 2020),
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time period include:

e Climate-related disruptions may contribute to geopolitical conflicts and upheaval, isolating
nations and impacting global stability.

e Environmental degradation may make investments in natural assets less appealing, affecting
economic sustainability.

e Climate-induced challenges could lead to reduced returns on long-term infrastructure
investments, impacting financial stability.

¢ Inadequate insurance coverage for major infrastructure projects may result in increased
vulnerability and potential disrepair.

e Climate-induced disruptions may increase exposure to local markets, potentially reducing
resilience to economic shocks.

An important aspect of financial risk from climate change is that an increase in volatility and adverse
impacts on financial systems may lead to worse impacts for all the other systems. Climate-related
impacts in other systems will have an impact on the financial system, but conversely a reduction in
financial security would also have a negative impact on all other systems.
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5.7 People and households

Impacts on household wealth and budgets and the cost of living can come through a variety of
pathways, many of which have already been covered in this report. These include the potential for,
increased cost of repairs and insurance, portfolio value declines, property value declines (APRA,
2022; Kurian et al., 2023), unemployment (Steffen et al., 2019) or higher costs of goods and
services (Kotz et al., 2024) (Figure 29).
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An Update on Tomato

Tomato supply has been
impacted due to heavy
rain in growing regions
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our growers to return supply
to normal as soon as possible

Figure 29: The impact of extreme events is increasingly seen on supermarket shelves. (Used with permission)

Households can experience damage to property or losses from an extreme event affecting their
homes, motor vehicles and other property (ICA, 2023). In response, households often adjust their
spending patterns, temporarily redirecting their spending towards replacing or repairing destroyed or
damaged property and durable goods. While this change in consumption demand can temporarily
increase retail activity in affected areas, the costs of goods, labour and financing may also rise.

Businesses that rely on natural environments, such as agriculture, tourism, and fisheries, often face
prolonged recovery periods. Damage to the natural resource base, ecosystems, infrastructure, or
supply chains can severely disrupt operations, especially for small businesses, leading to income
losses and reduced employment. These effects flow through local economies, particularly in
communities that depend heavily on these industries, compounding the financial strain on
households.

The unavailability of workers for regular employment immediately following an event, reduces
incomes, with households relying more on savings and income support. If losses are uninsured,
households may face significant declines in overall wealth.

Disadvantaged individuals and households are particularly vulnerable. Factors such as lower
income, insecure employment, limited education, poor housing, advanced age, and restricted
access to services are likely to lead to more severe and long-lasting impacts for these households.
These conditions also reduce coping capacity and the ability to invest in adaptation. People with
pre-existing health conditions, the elderly, and people with disabilities are also more susceptible to
the health impacts of extreme hazards such as floods and bushfires. The 2023 National Health and
Climate Strategy identifies these and other population groups as disproportionately affected by
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climate-related health risks, particularly in areas with limited health system capacity (Commonwealth
of Australia, Department of Health and Aged Care, 2023).

In addition to financial and physical challenges, the mental health toll can be significant. Stress,
anxiety, and trauma resulting from displacement, property loss, or the financial impacts affect
mental health and wellbeing. For people in regional and remote areas, limited access to mental
health services can further exacerbate these impacts, hindering recovery and resilience.

Investment in risk reduction is critical to reduce systemic vulnerabilities. In 2022 the Actuaries
Institute recommended a range of measures to address home insurance affordability, including
investments in resilience measures for individual homes, infrastructure projects to protect
communities, improved building standards, and better land use and planning (Actuaries Institute,
2022). These measures are likely to have broader cost of living benefits by reducing overall climate
risk.

5.7.1 Risks to Aboriginal and Torres Strait Islander peoples

Aboriginal and Torres Strait Islander peoples have a deep-rooted connection to the land, sea, and
Country, which is central to their identity, culture, and spirituality. Climate change has the potential
to drive disproportionate and unique impacts on Aboriginal and Torres Strait Islander peoples' ways
of life, health and wellbeing, food and water security, and economic livelihoods. The Australian
Climate Service has been collaborating with Aboriginal and Torres Strait Islander peoples to identify
climate risks and potential impacts, including risks to economic participation for Aboriginal and
Torres Strait Islander peoples and communities (Australian Climate Service, 2025a).

According to the Australian Bureau of Statistics (2023), 19% of the Aboriginal and Torres Strait
Islander population lives in outer regional areas and a further 15.4% live in remote or very remote
areas. These communities are particularly vulnerable to climate hazards due to their geographic
isolation, limited infrastructure, and systemic disadvantage. They face heightened risks from
extreme events such as heatwaves, floods, droughts and bushfires, which can disrupt essential
services and supply chains.

Aboriginal and Torres Strait Islander communities have disproportionately limited access to the
financial system (Weier et al., 2019). The changing climate could reduce economic participation for
Aboriginal and Torres Strait Islander peoples through impacts on industries that are exposed to
climate change, including tourism, commercial fishing and cultural and conservation sectors where
place-based employment opportunities rely on the health of Country. There is also a risk of
continuing constraints on economic participation and potential adverse impacts for Aboriginal and
Torres Strait Islander peoples from a lack of adequate representation and resourcing in nature-
related schemes, for example, the nature repair market and the Australian Carbon Credit Units
(ACCUs) scheme (Chubb et al., 2022).

Aboriginal and Torres Strait Islander consultations point to these compounding issues posing a
significant risk to their ability to benefit from future market opportunities. The extensive Indigenous
estate, Indigenous science and long history of sustainably living on Country puts Aboriginal and
Torres Strait Islander peoples in an unparallelled position to contribute to successful adaptation to
climate change. Internationally, the IPCC's work has increasingly acknowledged the significance of
Indigenous peoples’ knowledge systems in understanding and addressing climate change (IPCC,
2022a).
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5.8 Impacts of ecosystem change

Ecosystems provide natural resources needed for production and provide inherent resilience
against natural disasters. They are also important for water quality and security, mental health,
tourism and Aboriginal and Torres Strait Islander Culture. But pressures on these resources from
human activity and climate change is increasing the risk of ecosystem transition.

Natural ecosystem research as part of the National Assessment (Australian Climate Service, 2025d)
identifies that significant change to Australia's eco-systems is highly likely with widespread,
significant ecosystem compositional change predicted. At +3°C of global warming, species will be
forced to move, adapt to the new conditions or die out, with 40 to 70% of native plant species
exposed to climatic conditions that they do not currently experience.

Ecosystem impacts ("Biodiversity loss and ecosystem change") appears as the second highest
global risk ranked by severity over the short and long term in the World Economic Forum Global
Risks Perception Survey 2024-2025 (World Economic Forum, 2025). A study by Johnson et al.
(2021) estimated the collapse of specific ecosystem services — wild pollinators, aquaculture, and
forestry — will reduce global GDP permanently by 2.3% by 2030 annually. This may still be an
underestimate as the analysis did not model further interactions between these ecosystem services.

Several recent studies attempt to link bio-physical tipping points to industry production impacts and
economic changes they are likely to cause (e.g. Romanou et al., 2025). Ecosystem transition, the
significant shift in the structure, function or composition of an eco-system in response to climate
pressures, has feedback impacts on climate change if the ability to absorb atmospheric carbon and
mitigate the impacts of increasing greenhouse gases is reduced. In addition, permanently losing or
significantly changed ecosystems will permanently change industrial structures. For example, coral
reef die-off, expected even under conservative scenarios, is likely to lead to substantial changes in
tourism, reducing local industrial activity in the sector. Additionally, declines in pollinator abundance,
the outbreak of pests, water quality impacts, and the emergence of new diseases are likely to
reduce crop yields, and could lead to pandemics. These and other impacts will be felt in the
economy via reduced food and energy security, ongoing damage to assets, and increased health
risks that also reduce household productivity.

Significant uncertainties remain in the process of translating ecosystem transition into economic
model shocks which can then be used to approximate the impacts on the economy and its parts.
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5.9 Governance risk

Governance is about how society is organised to make decisions, pursue shared goals and manage
risk. Governance plays a crucial role in economic regulation by providing the framework and
mechanisms for effective oversight, accountability, and transparency in the management of
economic activities. Good governance ensures that regulations are implemented fairly and
efficiently, leading to better economic outcomes and public trust.

The nature and timeframe of climate-driven risks are difficult for many existing governance
processes and structures to handle, and proliferating impacts are adding pressure (Rickards et al.,
2025). The interactions between climate extremes and social, economic and environmental
vulnerabilities can overwhelm existing management and institutional capacities (Shimizu & Clark,
2015). This can happen relatively directly, such as when an extreme event overwhelms services
such as emergency management or health systems, or more indirectly as impacts aggregate and
compound upon the national economy or social fabric (Collins et al., 2019).

As climate change risks escalate, governments are under increasing pressure to invest in
adaptation at the same time as climate-related disasters and extreme weather events result in direct
and indirect costs to governments through the cost of responding to a disaster, lost tax revenue,
health and wellbeing issues, and the need for investing in climate mitigation (Gao, 2024).
Compounding pressures from higher costs from disasters and lower economic activity can also lead
to negative fiscal consequences, and credit rating agencies and other stakeholders are increasingly
examining the relationship between climate change and sovereign bonds. Climate impacts,
therefore, can erode government’s ability to provide services, if funds are diverted towards recovery,
and may not be available for innovation or other government priorities (Steffen et al., 2019).

There is therefore a need to consider risks to governance from climate change alongside physical
climate impacts. Lawrence et al. (2022) cites the “inability of institutions and governance systems to
manage climate risks” as a key risk for Australia and New Zealand. The potential impacts include
hazard events overwhelming the capacity of institutions and governance systems to provide
necessary policy and services to mitigate risks; the resulting reliance on short term, reactive
approaches can lock in maladaptive outcomes (Rickards et al., 2025). Complexities such as
jurisdictional boundaries, uncertainty, dynamism, complex risk ownership and long-term effects
pose significant challenges for decision-making.

The complex interactions between climate change risks and governance may contribute to
conditions for significant, non-linear changes in the social contract between governments and the
population ('social tipping') (Rickards et al., 2025). Governance systems and structures are slow to
change, and climate change could drive significant social changes that governance systems may
not be monitoring or prepared to manage. Elements that can contribute to a social tipping point
include social fragmentation, declining trust in authority / institutions and rising inequality. Social
tipping, or even elements that drive social changes, are likely to make it harder for the institutions
that support economic stability to function effectively.
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6 Adaptation to mitigate climate risk

This chapter considers how Australia can adapt to reduce the economic risks of climate change,
focusing on actions that strengthen resilience across systems and sectors. It examines the current
adaptation landscape, identifies critical gaps, and highlights opportunities for investment and
innovation. Specifically, it covers:

e Risk reporting environment — the evolving regulatory and disclosure frameworks shaping
climate risk transparency and accountability.

e Investment to reduce vulnerability and exposure — measures to strengthen infrastructure,
land use planning, and community resilience.

o Adaptation gaps — systemic and sectoral shortfalls that limit effective risk management and
resilience building.

e Opportunities from climate change — potential benefits and innovation pathways that could
emerge as Australia transitions to a low-carbon, climate-resilient economy.

The Australian Adaptation Stocktake (also known as the Australian Adaptation Database) has been
established by the National Environmental Science Program Climate Systems Hub with additional
support from the Australian Climate Service (Waters et al., 2025). This is a newly established
database of over 670 publicly available examples of policies, plans, projects and actions specifically
related to climate adaptation across local, state and national scales in Australia. This publicly
accessible stocktake is the first of its kind in Australia and is currently the most comprehensive
repository of information on adaptation policies, plans, projects and actions. At this stage of analysis
these data should be read as an approximation of the extent of climate adaptation action across
various criteria, however, consultation and input from key government agencies provides confidence
that the database includes the most relevant entries at this point in time.

Adaptation actions are categorised by system and type (Figure 30). Eight per cent of total policies,
plans and laws were identified as primarily addressing the economy, trade and finance system, and
5% of the total programs and projects. From a governance perspective, adaptation policies and
plans can arguably be understood as progress towards adaptation: laws and regulations create
mandates for change; policies create enabling environments for both government and non-
government adaptation actors and planning is essential to facilitate adaptation at all scales.
Adaptation programs and projects seek to enact tangible change in response to climate driven risks.
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Figure 30: Comparison of adaptation actions by system, categorised by IPCC adaptation type. Source:
(Waters et al., 2025)

It must be noted that there is little knowledge or monitoring and evaluation to understand the long-
term effectiveness of adaptation in the system.

Stakeholder elicitation conducted as part of the National Assessment noted that decisions in the

economy, trade and finance system are highly interconnected to risk in other systems. While there
are only a small number of examples primarily coded to this system, as Figure 30 shows, there is a
strong connection to the infrastructure and the built environment system through secondary codes.

Given the systemic nature of climate impacts on the economy an effective adaptation measure is
likely to be embedding climate considerations into existing planning and policy frameworks
alongside financial forecasts.

Many studies® assess the ability of economies to adapt to climate shocks and their ability to recover
lost output and generally conclude that developed economies can adapt to and mitigate some of the
lost output from decreased productivity. This does not mean that adaptation is possible across all
sectors, with some industries, such as primary producers (agriculture, mining) expected to be hit
harder in the short term and take longer to recover.

6 For example (Brohe & Greenstone, 2007), (Deschenes & Greenstone, 2011), (Desmet & Rossi-Hansberg,
2015), (Burke & Emerick, 2016) and (Barreca, Clay, Deschenes, Greenstone, & Shapiro, 2016).
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6.1 Risk reporting environment

Australia's first mandatory climate-related financial disclosure regime came into effect on
1 January 2025, (Australian Government, 2024). This law requires entities (above a threshold) to
report on the climate risks they face.

On 20 September the Australian Accounting Standards Board (2024) released Australian
Sustainability Reporting Standards (AASB S2) which outline what is required for entities when
reporting their material climate-related financial risks and opportunities faced by the entity as well as
an assessment of the entity's resilience to climate-related changes using scenario analysis
(Australian Accounting Standards Board, 2025).

The Australian Government has also committed to developing best practice climate-related
transition planning guidance by the end of 2025. The voluntary guidance will encourage
organisations to embed climate-related risks and opportunities into broader strategic decision-
making. The guidance will also emphasise the importance of adaptation to address physical risks,
as well as the opportunity to leverage insights and data from the National Assessment.

These reports will provide a significant source of information and data in the future, by firms,
locations and industries they belong to. The reports are also expected to drive many changes in
adaptation strategies and plans among individual businesses by identifying and highlighting risks
which business may be ignoring or undervaluing. Climate-related financial risk disclosure for
businesses and institutions will identify individual exposures but are unlikely to uncover systemic
risks which could threaten the wider economy. This means the system level risks may not be
captured and business alignment to reporting requirements may not be a useful measure of industry
risk.

Industries such as electricity generation, insurance and banking, which are critical to the economy,
are generally made up of large companies that have sufficient resources to focus on their business
continuity planning activities and conduct climate risk assessments to identify climate-related risks
and invest in practical mitigation and resilience-building activities. Entities that are exempt entirely
from lodging climate risk reports includes small and medium-sized businesses and asset owners
that fall below size thresholds, and those that do not report under the National Greenhouse
Emissions Reporting scheme (which requires them to report on their greenhouse gas emissions,
energy consumption and energy production). These entities are most at risk from climate impacts
due to generally higher physical concentration of assets and premises and lower ability to cope with
and recover from climate shocks.

6.2 Investment to reduce vulnerability and exposure

Reducing exposure or vulnerability to risk across multiple systems will help reduce economic
impacts from climate change for drivers of economic growth. Business productivity is enabled by
effective critical infrastructure, and can be affected by disruptions to supply chains, power supply
and telecommunications. Reducing the exposure or vulnerability of these systems will reduce risk to
business and communities from climate change.

The Actuaries Institute (2022) home insurance affordability report recommends a range of measures
to address the cost of insurance, including investment in resilience measures for individual homes,
investment in infrastructure projects to protect communities, improved building standards, and better
land use and planning. The Insurance Council of Australia's (2023) Climate Change Roadmap
provides similar recommendations, stating that: “For insurers to continue to provide insurance
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coverage at affordable pricing, action is required to strengthen the resilience of our homes,
businesses, and communities, shift our approach to what we build and where we build it and see
Australia’s economy transition to net zero.”

Reducing stress in the natural environment through increased protection or connectivity of eco-
systems and investing in increased water security will reduce the vulnerability of primary industries
to climate change, as will supporting adaptation measures to protect outdoor workers from rising
heat.

Resilient infrastructure design, and climate-informed land-use planning strategies can reduce
exposure, especially in coastal cities. In some cases, the option to relocate high-risk communities
should be considered. More broadly, informing communities about the level of risk in their area and
providing education on how to understand climate information and make good choices about
adaptation will distribute the responsibility and cost of resilience.

6.3 Adaptation gaps

Measures for addressing adaptation gaps may include: incentives for investment in managing
climate risk; investing in circular economy technologies to reduce environmental impacts in
manufacturing; developing a stronger understanding of how to manage institutional structures to
encourage autonomous adaptation; and training and subsidies to redeploy people into new sectors
or enterprises that are more likely to prosper in the new climate change scenarios.

Participants in the First Pass workshop (Lin, Barnett, Bluhm, et al., 2024) on the impacts of climate
change on the economy noted that:

e Existing building codes and planning schemes were deemed insufficient to effectively address
climate risks. This leaves infrastructure and property vulnerable to damage from extreme
weather events.

e There is a lack of robust investment in research and development for climate adaptation
strategies that may hamper the development of innovative and effective solutions.

o There is an absence of tailored financial products and incentives to inform adaptation efforts,
which may discourage proactive measures to enhance resilience.

e There is a need for better information dissemination to homeowners and business owners
regarding climate risks. This lack of awareness could hinder preparedness and adaptive actions.

e Fostering technological innovation in sectors particularly vulnerable to climate impacts is seen
as crucial for developing adaptive solutions.

The importance of engaging stakeholders and communities in the adaptation process was
emphasised for more effective and sustainable outcomes. For example, Aboriginal and Torres Strait
Islander consultations highlighted that Aboriginal and Torres Strait Islander peoples have deep
experience in effectively mitigating and adapting to the effects of a changing climate. Better
resourcing of Aboriginal and Torres Strait Islander communities and organisations to lead, co-
design and deliver training on Caring for Country practices in a changing climate would support
natural environment adaptation. Aboriginal and Torres Strait Islander peoples can also benefit from
future market opportunities including the benefits of partnerships with local Aboriginal Land
Councils, universities, the Indigenous Rangers program and the Nature Repair Market.
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Stern and Stiglitz in an important investigation in 2023 noted that "contrary to much of the
conventional wisdom, taking stronger action on climate change may enhance economic growth
even as conventionally measured, but even more so, in terms of societal well-being" (Stern &
Stiglitz, 2023).

6.4 Opportunities from climate change

While the maijority of the literature and this report focuses on the negative impacts of climate change
on Australia’s economy, there is significant uncertainty around future hazard trajectories and
impacts.

It has been noted that there may be instances and regions that could benefit from a warming
climate, for example through possible changing patterns of agricultural production (Puga et al.,
2022). Australia is a nation that has already had to cope with severe weather conditions and a
highly variable climate even before climate change started to have an impact. Australia’s experience
in building resilience to reduce the impacts of bushfires, floods and droughts could be a comparative
advantage. For example, investing in knowledge and technologies to deal with these impacts may
create opportunities to benefit from sharing this knowledge and technologies with other countries
(Climate Change Authority, 2021).

Every aspect of our society is going to be changed by the changing climate. As the climate changes
unexpected new economic opportunities will arise. Australia should monitor and actively encourage
innovation as it occurs in response.
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7/ Limitations and future work

It is not possible to provide a single quantitative assessment of the economic impact of climate
change in the National Assessment, due to uncertainty in the contributing factors and lack of fully
integrated impact modelling.

Modelling by The Treasury and others (for example the economic scenarios developed by Deloitte
and provided in Breakout Box 1 and Appendix A) project Australia’s economic growth over the next
40 years to be slower than in the past 40 years but to continue to grow in real terms
(Commonwealth of Australia, 2023). While these estimates and other economic projections are
methodologically sound, it is acknowledged that there are structural limitations with these
projections with regard to climate risk. Experts and emerging literature note that current projections
of economic growth significantly underestimate climate change impacts to the financial system and
the real economy, in particular, that they do not include key factors that are likely to reduce
economic growth’ such as:

¢ The approaches do not include all externalities or unknowns with the impact of sea level rise
and storm surge, and likelihood of reduced biodiversity and eco-system transition being two
crucial variables ignored.

o Most analysis looks at changes in averages, however, the increase in the frequency,
magnitude and duration of extreme events is likely to have the greatest effect on systems.

¢ The approaches do not cover other sources of change, including sociological changes,
which is likely to be particularly problematic, especially at higher warming levels.

e Basic assumptions about how markets are likely to function as risks compound may be
incorrect.

Work by The Treasury and others continues to build our understanding of the impacts of climate
change, including integrating select physical climate risks. Further assessment of impacts including
biodiversity loss and assessing the potential for transmission of international risk, are required.

Methods for valuing systemic failures, such as scenario analysis methods that consider extreme
events, and stress tests of financial stability (Kurian et al., 2023), could help overcome concerns
about the limitations of some financial methods that assume risks can be identified and are
quantifiable using historical data (Department of Home Affairs, 2019).

While the full economic costs of the changing climate are not well understood then the economic
benefits of adaptation to avoid these costs are hard to quantify. Assessments of the benefits, costs,
and effectiveness of actions taken to reduce vulnerability and increase resilience to climate impacts
could unlock investment in adaptation that will have broad and lasting benefits for societal health
and well-being.

7 See commentary for example from (Stern & Stiglitz, 2023), (Neal et al., 2025), (Institute and Faculty of
Actuaries, 2025), (Bilal and Kanzig, 2024).

Australian Climate Service | Real Economy Technical Report | 2025

64



8 References

ABC News. (2023). Insurance crisis deepens for homes, business and local councils in flood prone
areas of northern NSW. https://www.abc.net.au/news/2023-02-09/new-south-wales-floods-
lismore-insurance-crisis-730/101944920

ABC News. (2024). Trans-Australian Railway to be flood-proofed as part of $1 billion program to
grow rail network resilience. https://www.abc.net.au/news/2024-05-18/major-works-planned-
for-trans-australian-railway-after-flooding/103860360

ACCC. (2020). Northern Australia Insurance Inquiry. Final Report. https://www.accc.gov.au/focus-
areas/inquiries-finalised/northern-australia-insurance-inquiry

ACCC. (2023). Insurance monitoring. Second report following the introduction of a cyclone and
cyclone-related flood damage reinsurance pool. https://www.accc.gov.au/system/files/accc-
insurance-monitoring-report-december-2023.pdf

Actuaries Institute. (2022). Home insurance affordability and socioeconomic equity in a changing
climate. https://content.actuaries.asn.au/resources/resource-cebyyqn64sx3-2093352434-
53910

Australian Bureau of Statistics. (2023). Estimates of Aboriginal and Torres Strait Islander
Australians 2021. https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-
islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-
release#remoteness-areas

Australian Competition & Consumer Commission (ACCC). (2025). ACCC Insurance monitoring.
Fourth report following the introduction of a cyclone and cyclone-related flood damage
reinsurance pool. https://www.accc.gov.au/system/files/accc-insurance-monitoring-report-
july-2025.pdf

Actuaries Institute. (2020). Property Insurance Affordability: Challenges and Potential Solutions.
Sydney: Institute of Actuaries of Australia.

AEMO. (2020). 2019-20 NEM Summer Operations Review Report. June.
https://www.aemo.com.au/-/media/files/electricity/nem/system-operations/summer-
operations/2019-20/summer-2019-20-nem-operations-review.pdf?la=en

Antras, P., Redding, S., & Rossi-Hansberg, E. (2023). Globalization and Pandemics. American
Economic Review,.

Arnell, N., & Freeman, A. (2021). The effect of climate change on agro-climatic indicators in the UK.
Climatic Change, 165(1), p.40.

Australian Accounting Standards Board. (2024). Australian Sustainability Reporting Standards.
https://standards.aasb.gov.au/aasb-s2-sep-2024

Australian Bureau of Statistics. (2021). 2021 Census All persons QuickStats.
https://www.abs.gov.au/census/find-census-data/quickstats/2021/AUS

Australian Climate Service. (2025a). Aboriginal and Torres Strait Islander Peoples Technical Report.
A technical report for the National Climate Risk Assessment. Australian Climate Service.

Australian Climate Service. (2025b). Australia’s Future Climate and Hazards Report.

Australian Climate Service. (2025c¢). Australia’s National Climate Risk Assessment: An Overview.

Australian Climate Service | Real Economy Technical Report | 2025

65



Australian Climate Service. (2025d). Australia’s National Climate Risk Assessment Report.

Australian Climate Service. (2025¢). Communities Technical Report. A technical report for the
National Climate Risk Assessment. Australian Climate Service.

Australian Institute for Disaster Resilience. (n.d.). Queensland flood, 2010/2011. Australian Disaster
Resilience Knowledge Hub. https://knowledge.aidr.org.au/resources/flood-queensland-2010-
2011/

Australian Government. (2012). Queensland Flood Commission of Inquiry Final Report.
https://knowledge.aidr.org.au/resources/flood-queensland-2010-2011/

Australian Government. (2024). Treasury Laws Amendment (Financial Market Infrastructure and
Other Measures) Act 2024 (No. 87, 2024).
https://www.legislation.gov.au/C2024A00087/asmade/2024-09-17/text/original/pdf

Australian Government Department of Industry Science and Resources. (2023). Critical Minerals
Strategy 2023-2030. https://www.industry.gov.au/sites/default/files/2023-06/critical-minerals-
strategy-2023-2030.pdf

Australian Prudential Regulation Authority (APRA). (2022). Climate Vulnerability Assessment
Results. https://www.apra.gov.au/sites/default/files/2022-11/Information Paper - Climate
Vulnerability Assessment Results.pdf

Australian Reinsurance Pool Corporation. (2024). Cyclone Reinsurance Pool Premium Assessment.
https://arpc.gov.au/wp-content/uploads/2024/07/Cyclone-pool-premium-assessment-April-
2024.pdf

Bansal, R., Ochoa, M., & Kiku, D. (2016). Climate Change and Growth Risks. NBER Working Paper
Series.

Barreca, A., Clay, K., Deschenes, O., Greenstone, M., & Shapiro, J. (2016). Adapting to climate
change: The remarkable decline in the us temperature-mortality relationship. Journal of
Political Economy, 124.

Barro, R. (2013). Inflation and Economic Growth. Annals of Economics and Finance, 14(1).
http://aeconf.com/articles/may2013/aef140105.pdf

Beaty, M., Rokeya, A., Donovan, J., Haque, S., Jones, F., Lin, A., Nazmul, R., Prescott, V., Zhou,
K., Benger, N., Bertinshaw, J., Black, M., Byrne, T., Cao, K., Cash, C., Coetzee, L., Dowse,

E., Etherington, C., Halstead, I., ... Wong, D. (2025). Health and Wellbeing Technical
Report. A technical report for the National Climate Risk Assessment. Australian Climate
Service.

Bellrose, K., Norman, D., & Royters, M. (2021). Climate Change Risks to Australian Banks. Reserve
Bank of Australia. https://www.rba.gov.au/publications/bulletin/2021/sep/climate-change-
risks-to-australian-banks.html.

Berry, Helen L, Hogan, Anthony, Owen, Jennifer, Rickwood, Debra, & Fragar, Lyn. (2011).
Climate Change and Farmers’ Mental Health: Risks and Responses. Asia Pacific Journal of
Public Health, 23(2_suppl), 119S-132S. https://doi.org/10.1177/1010539510392556

Bilal, A., & Kanzig, D. R. (2024). The Macroeconomic of Climate Change: Global vs Local
Temperature. National Bureau of Economic Research, August.
https://www.nber.org/system/files/working_papers/w32450/w32450.pdf

Australian Climate Service | Real Economy Technical Report | 2025

66


https://knowledge.aidr.org.au/resources/flood-queensland-2010-2011/
https://knowledge.aidr.org.au/resources/flood-queensland-2010-2011/

Blue Mountains City Council. (2022). Blue Mountains City Council responds to Australia State of the
Environment 2021. https://www.bmcc.nsw.gov.au/media-centre/blue-mountains-city-council-
responds-to-australia-state-of-environment-2021

Brohe, A., & Greenstone, M. (2007). The economic impacts of climate change: evidence. The
American Economic Review, 97.

Burke, M., & Emerick, K. (2016). Adaptation to climate change: Evidence from us agriculture.
American Economic Journal: Economic Policy, 8.

Cakmakli, C., Demiralp, S., Kalemli-Ozcan, S., Yesiltas, S., & Yildirim, M. (2021). The Economic
Case for Global Vaccinations. National Bureau of Economic Reseach.

Cakmakli, C., Demiralp, S., Kalemli-Ozcan, S., Yesiltas, S., & Yildrim, M. (2020). COVID-19 and
Emerging Markets: An Epidemiological Model with International Production Networks and
Capital Flows. International Monetary Fund Working Papers.

Carnegie, A. J., Lawson, S., Mason, J., & Nahrung, H. (2022). Forest health and biosecurity in a
changing world. In Australian Forestry (Vol. 85, Issue 4, pp. 141-145). Taylor & Francis.

Carruthers, F. (2020). Tourism loses $4.5b to bushfires as overseas visitors cancel. Australian
Financial Review. https://www.afr.com/companies/tourism/tourism-loses-4-5b-to-bushfires-
as-overseas-visitors-cancel-20200116-p53s0s

Chan, P., Chinnery, A., & Wallis, P. (2023). Recent Developments in Small Business Finance and
Economic Conditions. Reserve Bank of Australia.
https://www.rba.gov.au/publications/bulletin/2023/sep/recent-developments-in-small-
business-finance-and-economic-conditions.html

Charlesworth, E., & Fien, J. (2024). Post Disaster Temporary Housing An Applied Literature
Review. https://knowledge.aidr.org.au/media/10562/srrg-post-disaster-temp-housing-
literature-review-final-report-v2.pdf

Charpentier, A. (2007). Insurability of Climate Risks. The Geneva Papers on Risk and Insurance,
33, 91-109.

Chubb, I., Bennett, A., Gorring, A., & Hatfield-Dodds, S. (2022). Independent Review of ACCUs.
Department of Climate Change, Energy, the Environment and Water.
https://www.dcceew.gov.au/sites/default/files/documents/independent-review-accu-final-
report.pdf

Climate-KIC Australia. (2020). Climate Measurement Standards Initiative - Summary for Executives.
https://climate-kic.org.au/our-projects/cmsi/

Climate Change Authority. (2021). Trade and investments in a decarbonising world.
https://www.climatechangeauthority.gov.au/sites/default/files/2021-11/Trade and investment
trends in a decarbonising world_0.pdf

Climate Change Authority. (2024). Sector Pathways Review.
https://www.climatechangeauthority.gov.au/sites/default/files/documents/2024-
09/2024 SectorPathwaysReview.pdf

Coelli, F., & Manasse, P. (2014). The Impact of Floods on Firms’ Performance. Quaderni - Working
Paper DSE N° 946, 40.

Collins, M., Sutherland, M., Bouwer, L., Cheong, S. ., Frélicher, T., Jacot Des Combes, H., Koll
Roxy, M., Losada, I., Mclnnes, K., Ratter, B., Rivera-Arriaga, E., Susanto, R.D. Swingedouw,

Australian Climate Service | Real Economy Technical Report | 2025

67



D., & Tibig, L. (2019). Extremes, Abrupt Changes and Managing Risks. In H.-O. Pértner, D.
C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A.
Alegria, M. Nicolai, A. Okem, J. Petzold, B. Rama, & N. M. Weyer (Eds.), IPCC Special
Report on the Ocean and Cryosphere in a Changing Climate (pp. 589-656). Cambridge
University Press. https://doi.org/10.1017/9781009157964.008

Colvin, A. (2024). Independent Review of Commonwealth Disaster Funding.
https://www.nema.gov.au/sites/default/files/2024-10/Independent Review of Commonwealth
Disaster Funding - Final report - Medium Res.PDF

Colvin, R., Crimp, S., Lewis, S., & Howden, M. (2020). Natural Hazards and Disaster Justice:
Challenges for Australia and Its Neighbours. In Natural hazards and disaster justice:
Challenges for Australia and its neighbours (pp. 25—48). Palgrave Macmillan.
https://doi.org/10.1007/978-981-15-0466-2_2

Commonwealth of Australia. (2023). Intergenerational report 2023.
https://treasury.gov.au/sites/default/files/2023-08/p2023-435150.pdf

Commonwealth of Australia (Department of Health and Aged Care). (2023). National Health and
Climate Strategy. https://www.health.gov.au/sites/default/files/2023-12/national-health-and-
climate-strategy.pdf

CoreLogic. (2023). East Coast Floods — One year on. CoreLogic.

Darbyshire, R., Blamey, L., Bolt, A., Brodie, S., Buhagiar, L., Bustamante, R., Greenwood, S.,
Holzworth, D., Hopper, M., Huth, N., Keogh, T., Mayberry, D., Nidumolu, U., Paroz, A., Rich,
J., Rosauer, D., Roxburgh, S., Thomas, |., & van Herwaarden, A. (2025). Primary Industries
Technical Report. A technical report prepared for the Australian Climate Service as part of
the National Climate Risk Assessment. CSIRO.

DCCEEW. (n.d.). Climate change, fire and the little penguin.
https://www.dcceew.gov.au/sites/default/files/documents/biodiversity-vulnerability-fire-
penguins.pdf

DCCEEW. (2024a). National Hydrogen Strategy.
https://www.dcceew.gov.au/sites/default/files/documents/national-hydrogen-strategy-
2024 .pdf

DCCEEW. (2024b). Protecting the Great Barrier Reef - Our investments.
https://www.dcceew.gov.au/parks-heritage/great-barrier-reef/protecting/our-investments

Deloitte. (2017). Building resilience to natural disasters in our states and territories.
http://australianbusinessroundtable.com.au/assets/documents/ABR _building-resilience-in-
our-states-and-territories.pdf

Department of Agriculture Fisheries and Forestry. (2023). Climate change and the agricultural
sector. https://www.agriculture.gov.au/agriculture-land/farm-food-drought/climatechange

Department of Climate Change Energy the Environment and Water. (2024). National Climate Risk
Assessment First pass assessment report.
https://www.dcceew.gov.au/sites/default/files/documents/national-climate-risk-assessment-
first-pass-assessment-report-2024.pdf

Department of Climate Change Energy the Environment and Water. (2025). Growing Australia’s
hydrogen industry. https://www.dcceew.gov.au/energy/hydrogen

Australian Climate Service | Real Economy Technical Report | 2025

68



Department of Home Affairs. (2019). Climate and Disaster Risk: What they are, why they matter and
how to consider them in decision making. 3. Guidance on Scenarios.
https://knowledge.aidr.org.au/media/7711/04-scenarios-guidance-strategic-decisions-
climate-disaster-risk-2020.pdf

Department of Infrastructure, Transport, Regional Development, Communications and the Arts
(DITRDCA). (2022). Population trends BCARR migration geography.
https://www.infrastructure.gov.au/sites/default/files/documents/bcarr-population-trends-bcarr-
migration-geography.pdf

Deschenes, O., & Greenstone, M. (2011). Climate Change, Mortality, and Adaptation: Evidence
from Annual Fluctuations in Weather in the US. American Economic Journal: Applied
Economics, 3(4).

Desmet, K., & Rossi-Hansberg, E. (2015). On the spatial economic impact of global warming.
Journal of Urban Economics, 88.

Director of National Parks. (2010). Kakadu National Park Climate Change Strategy 2010-2015.
https://www.dcceew.gov.au/sites/default/files/documents/kakadustrategy.pdf

Gao, S. (2024). An Exogenous Risk in Fiscal-Financial Sustainability: Dynamic Stochastic General
Equilibrium Analysis of Climate Physical Risk and Adaptation Cost. In Journal of Risk and
Financial Management (Vol. 17, Issue 6). https://doi.org/10.3390/jrfm17060244

Eppinger, P., Felbermayr, G., Krebs, O., & Kukharskyy, B. (2020). Covid-19 shocking global value
chains. Kiel Working Paper, No. 2167, Kiel Institute for the World Economy (If\W).

Garnaut, R. (2019). Superpower: Australia’s low-carbon opportunity. Black Inc.

George, G., Lakhani, K., & Puranam, P. (2020). What has changed? The Impact of Covid Pandemic
on the Technology and Innovation Management Research Agenda. Journal of Management
Studies.

Giglio, S., Kelly, B., & Stroebel, J. (2020). Climate Finance. NYU Stern School of Business.

Giglio, S., Maggiori, M., Rao, K., Stroebel, J., & Weber, A. (2021). Climate Change and Long-Run
Discount Rates: Evidence from Real Estate. The Review of Financial Studies.

Giglio, S., Maggiori, M., Stroebel, J., & Weber, A. (2015). Climate Change and Long-run Discount
Rates: Evidence from Real Estate. Universite PSL (Paris Sciences & Lettres).

Great Barrier Reef Marine Park Authority. (2024). Oceans.

Hallegatte, S., Jooste, C., & Mclsaac, F. (2022). Macroeconomic Consequences of Natural
Disasters. World Bank Policy Research Working Papers.

Hallegatte, S., Mclsaac, F., Dudu, H., Jooste, C., Knudsen, C., & Beck, H. (2022). Macroeconomic
Implications of a Transition to Net Zero Emissions. Peterson Institute for International
Economics Working Paper.

Hanushek, E., & Woessmann, L. (2020). The Economic Impacts of Learning Losses. Organisation
for Economic Co-operation and Development.

Henley, B. J., McGregor, H. V., King, A. D., Hoegh-Guldberg, O., Arzey, A. K., Karoly, D. J., Lough,
J. M., DeCarlo, T. M., & Linsley, B. K. (2024). Highest ocean heat in four centuries places
Great Barrier Reef in danger. Nature, 632(8024), 320-326. https://doi.org/10.1038/s41586-
024-07672-x

Australian Climate Service | Real Economy Technical Report | 2025

69



Higgins, A., Tong, M., Islam, Z., Marquez, L., & McFallan, S. (2025). Supply Chains Technical
Report. A technical report prepared for the Australian Climate Service as part of the National
Climate Risk Assessment. CSIRO.

Hoegh-Guldberg, O., Pendleton, L., & Kaup, A. (2019). People and the changing nature of coral
reefs. Regional Studies in Marine Science, 30.

Huang, J., Jones, B., Thatcher, M., & Landsberg, J. (2020). Temperature impacts on utility-scale
solar photovoltaic and wind power generation output over Australia under RCP 8.5. Journal
of Renewable and Sustainable Energy, 12(4).

Hughes, N., Galeano, D., & Hatfield-Dodds, S. (2019). The effects of drought and climate variability
on Australian farms.

Hughes, N., Lu, M., Soh, W., & Lawson, K. (2022). Simulating the effects of climate change on the
profitability of Australian farms. Climatic Change, 172 (12).

ICA. (2023). Insurance Catastrophe Resilience Report 2022-23.
ICA. (2022). Insurance Catastrophe Resilience Report 2021-22. Insurance Council of Australia.

IMF. (2022). The Managing Director's Global Policy Agenda, Annual Meetings 2022: Act -wq.jhNow,
Act Together for a More Resilient World. Policy Paper No. 2022/045.

Insurance Council of Australia. (2023). Climate Change Roadmap Towards a Net-Zero and Resilient
Future: 2023 Update. https://insurancecouncil.com.au/wp-
content/uploads/2023/11/20950_ICA_Climate-Change-Roadmap_FINAL_2311.pdf

International Energy Agency. (2022). Roadmap Towards Sustainable and Energy-Efficient Space
Cooling in ASEAN. OECD Publishing.

IPCC. (2021). Summary for policymakers. In: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S.
Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R.
Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, & B. Zhou (Eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 3-32,
https://doi.org/10.1017/9781009157896.001.

IPCC. (2022a). Climate Change 2022: Impacts, Adaptation and Vulnerability. Working Group Il
Contribution to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press. https://doi.org/DOI: 10.1017/9781009325844

IPCC. (2022b). Annex Il: Glossary. In R. van Diemen, J. B. . Matthews, V. Mdller, J. . Fuglestvedt,
V. Masson-Delmotte, C. Méndez, A. Reisinger, & S. Semenov (Eds.), Climate Change 2022:
Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press. doi:10.1017/9781009325844.029

IUCN World Heritage Outlook. (2020). K’gari (Fraser Island) 2020 Conservation Outlook
Assessment. https://worldheritageoutlook.iucn.org/explore-sites/kgari-fraser-island

Johnson, J. A., Ruta, G., Baldos, U., Cervigni, R., Chonabayashi, S., Corong, E., Gavryliuk, O.,
Gerber, J., Hertel, T., Nootenboom, C., Polasky, S., Gerber, J., Ruta, G., & Polasky, S.
(2021). The Economic Case for Nature: A Global Earth-Economy Model to Assess
Development Policy Pathways.

Australian Climate Service | Real Economy Technical Report | 2025 70




https://openknowledge.worldbank.org/entities/publication/fcc11682-c752-51c4-a59f-
0Oab5cd40dc6f

Kearns, J. (2022). Climate Change Risk in the Financial System. Credit Law Conference ‘Managing
Financial Services Risks in an Age of Uncertainty, Reserve Bank of Australia, Sydney., 1-8.

King, A., Karoly, D., & Henley, B. (2017). Australian climate extremes at 1.5 -C and 2 -C of global
warming. Nature Climate Change, 412-418.

Kompas, T., Che, T. N., & Grafton, R. Q. (2024). Global impacts of heat and water stress on food
production and severe food insecurity. Nature Portfolio, Scientific Reports, 9.

Kompas, T., Che, T. N., & Grafton, R. Q. (2024). Non-market value losses to coastal ecosystem
services and wetlands from sea-level rise and storm surge, 2050 to 2100: The Kimberley
Region, Western Australia. Ocean & Coastal Management, 255.

Kompas, T., Mallon, K., Bojko, M., Chec, T. N., Strain, B., McKinlay, M., Van Ha, P., Grafton, Q., &
Stoeckl, N. (2022). Economic Impacts from Sea Level Rise and Storm Surge in Victoria,
Australia over the 21st Century.
https://www.marineandcoastalcouncil.vic.gov.au/__data/assets/pdf _file/0031/665482/VMCC
0010pt2_Climate_Change_Economics_Technical_Report_v7.pdf

Kompas, T., Pham, V. H., & Che, T. N. (2018). The Effects of Climate Change on GDP by Country
and the Global Economic Gains From Complying With the Paris Climate Accord. Earth’s
Future, 6(8), 1153-1173. https://doi.org/https://doi.org/10.1029/2018EF000922

Kotz, M., Levermann, A., & Wenz, L. (2024). The economic commitment of climate change. Nature,
628(8008), 551-557. https://doi.org/10.1038/s41586-024-07219-0

Kousky, C., Zinda, J., Friedrich, H., Burley, T., & Kang, K. (2025). Driving loss reduction through
state-created residual insurance markets.
https://library.edf.org/AssetLink/v71028dx0x68922mj067j2kw411s28nj.pdf

Kurian, S., Reid, G., & Sutton, M. (2023). Climate Change and Financial Risk. Bulletin - June 2023;
Reserve Bank Australia. https://www.rba.gov.au/publications/bulletin/2023/jun/climate-
change-and-financial-risk.html#fn0

Latrobe City Council. (2021). Inquiry into the Closure of the Hazelwood and Yallourn Power
Stations. Latrobe City Council.

Lawrence, J., B. Mackey, F. Chiew, M.J. Costello, K. Hennessy, N. Lansbury, U.B. Nidumolu, G.
Pecl, L. Rickards, N. Tapper, A. Woodward, and A. W. (2022). Australasia. In H.-O. Portner,
D. . Roberts, V. Masson-Delmotte, P. Zhai, M. Tigno, E. Poloczanska, K. Mintenbeck, A.
Alegria, M. Nicolai, A. Okem, J. Petzold, B. Rama, & N. . Weyer (Eds.), Climate Change
2022: Impacts, Adaptation, and Vulnerability (Issue Contribution of Working Group Il to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change, pp. 1581—
1688). Cambridge University Press. https://doi.org/10.1017/9781009325844.013.1581

Leiter, A., Oberhofer, H., & Raschky, A. (2009). Creative Disasters? Flooding Effects on Capital,
Labour and Productivity Within European Firms. Environmental and Resource Economics,
43, 333.

Li, C., Camac, J., Robinson, A., & Kompas, T. (2025). Predicting changes in agricultural yields
under climate change scenarios and their implications for global food security. Scientific
Reports, 15(1), 2858. https://doi.org/10.1038/s41598-025-87047-y

Australian Climate Service | Real Economy Technical Report | 2025

71



Lieffering, M., Newton, P., Vibart, R., & Li, F. (2016). Exploring climate change impacts and
adaptations of extensive pastoral agriculture systems by combining biophysical simulation
and farm system models. Agricultural Systems, 144 (77-86).

Lin, B., Barnett, G., Bluhm, S., Romanach, L., Po, M., Boulaire, F., Capon, T., Cook, S., Fleming, A.,
Jacobs, S., Landsberg, J., Lede, E., Oke, A., Stafford Smith, M., Torok, S., & Watkins, A.
(2024). National Climate Risk Assessment Stage 1: Integration and Synthesis Workshop
Report. https://www.acs.gov.au/documents/b7ea8729a36f4a73ac56a27f68f6¢c214/about

Makwana, N. (2019). Disaster and its impact on mental health: A narrative review. Journal of Family
Medicine and Primary Care, 8(10).

Manyika, J., Birshan, M., Smit, S., Woetzel, J., Russell, K., & Purcell, L. (2021). A new look at how
corporations impact the economy and households. McKinsey & Company, Discussion
Paper, 31.

Matic, V., Bende-Michl, U., Seifollahi Aghmiuni, S., Faulkner, C., Chatterji, S., Lowe, J., Harkin, A,
Oke, A., Johnston, E., Gao, D., Lintern, A., Ispording, R., & Sidiqui, P. (2025). Water
Security Technical Report. A technical report for the National Climate Risk Assessment.
Australian Climate Service.

Maranoa Regional Council. (n.d.). Roma flood mitigation project Stage 2.
https://dilgpprd.blob.core.windows.net/general/roma-flood-mitigation-planning-report.pdf

Marto, R., Papageorgiou, C., & Klyuev, V. (2017). Building resilience to natural disasters: An
application to small developing states. Journal of Development Economics.

Miller, A., & Arquilla, B. (2012). Chronic Diseases and Natural Hazards: Impact of Disasters on
Diabetic, Renal, and Cardiac Patients. Prehospital and Disaster Medicine.

National Climate Change Adaptation Research Facility. (2016). Adapting Australia’s trade and aid
policies to climate change. https://nccarf.edu.au/policy-information-brief-5-adapting-
australias-trade-and-aid-policies-climate-change/

Neal, T., Newell, B., & Pitman, A. (2025). Reconsidering the macroeconomic damage of severe
warming. Environmental Research Letters, 20(4). https://doi.org/10.1088/1748-9326/adbd58

Network for Greening the Financial System. (2024). Acute physical impacts from climate change
and monetary policy.
https://www.ngfs.net/sites/default/files/medias/documents/ngfs_acute_physical_impacts_fro
m_climate_change_and_monetary_policy.pdf

Nicholls, N., Butler, C. D., & Hanigan, |. (2006). Inter-annual rainfall variations and suicide in New
South Wales, Australia, 1964-2001. International Journal of Biometeorology, 50(3), 139—
143. https://doi.org/10.1007/s00484-005-0002-y

Nicol, S., Bergstrom, D., Austin, J., Bollard, B., Brody, S., Brooks, S., Bugnot, A., Bustamante, R.,
Dunstan, P., Ferrier, S., Fulton, B., Herr, A., Liedloff, A., Marvanek, S., Mokany, K., Prober,
S., Richards, A., Stratford, D., Vickers, M., ... Woolley, S. (2025). Natural Ecosystems
Technical Report: Synthesis. A technical report prepared for the Australian Climate Service
as part of the National Climate Risk Assessment. CSIRO.

Noth, F., & Rehbein, O. (2017). Badly hurt? Natural disasters and direct firm effects. Halle Institute
for Economic Research (IWH), 25.

Australian Climate Service | Real Economy Technical Report | 2025 72




NSW Government. (2025a). Climate change impacts on heatwaves. Adapt NSW.
https://www.climatechange.environment.nsw.gov.au/impacts-climate-change/weather-and-
oceans/heatwaves

NSW Government. (2025b). Climate change impacts on our economy. Adapt NSW.
https://www.climatechange.environment.nsw.gov.au/impacts-climate-
change/economy#:~:text=Extreme events like droughts%2C heatwaves,irrigated agricultural
output by value.

NSW Treasury. (2021). NSW Intergenerational Report Treasury Techinal Report.

NSW Treasury. (2023). Disaster Cost-Benefit Framework.
https://www.nsw.gov.au/sites/default/files/noindex/2025-03/tpg23-17-disaster-cost-benefit-
framework.pdf

O'Connor, T., Sinclair, S., & Mitsopoulos, N. (2023). East Kimberley businesses grappling with huge
freight hikes fear they may miss out on flood subsidies. Retrieved from ABC News:
https://www.abc.net.au/news/2023-01-17/flood-subsidy-kimberley-freight-cost-
hikes/101863066

OECD. (2015). The Economic Consequences of Climate Change. Paris: OECD Publishing.

O’Mahoney, J., Simes, R., Redhill, D., Heaton, K., Atkinson, C., Hayward, E., & Nguyen, M. (2017).
At what price? The economic, social and icon value of the Great Barrier Reef.
https://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/3205/1/deloitte-au-economics-great-
barrier-reef-230617.pdf

O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K. L., Hallegatte, S., Carter, T. R., Mathur, R., & Van
Vuuren, D. P. (2014). A new scenario framework for climate change research: the concept of
shared socioeconomic pathways. Climatic Change, 122(3), 387—-400.

Olsson, R., Steiger, R., Nicotra, A. B., & Pittock, J. (2025). Our Changing Snowscapes: Climate
Change Impacts and Recommendations for the Australian Alp.
https://protectourwinters.org.au/wp-
content/uploads/2025/07/Our_Changing_Snowscapes_July25.pdf

Paddam, S., Liu, C., Philip, S., Smith, R., & Nagarajan, S. (2024). Home Insurance Affordability and
Home Loans at Risk (Issue August).

Paddam, S., Liu, C., Philip, S., Smith, R., & Negarajan, S. (2024). Home Insurance Affordability and
Home Loans at Risk. https://actuaries.asn.au/docs/thought-leadership-reports/home-
insurance-affordability-and-home-loans-at-risk.pdf

Productivity Commission. (2005). Trends in Australian Agriculture: Productivity Commission
Research Paper.

Puga, G., Anderson, K., & Doko Tchatoka, F. (2022). Impact of growing season temperature on
grape prices in Australia. Australian Journal of Grape and Wine Research, 28(4), 651-657.

Queensland Department of Agriculture and Fisheries. (2023). Annual Report 2022-23.
https://era.dpi.gld.gov.au/id/eprint/10606/1/daf-annual-report-2022-23-web.pdf

Queensland Government. (2017). Severe Tropical Cyclone Debbie 8 month progress report.
https://www.qra.qgld.gov.au/sites/default/files/2018-11/stc_debbie_8 month_progress_report-
full-report_0.pdf

Australian Climate Service | Real Economy Technical Report | 2025

73



Queensland Reconstruction Authority. (2022). 2021-22 Southern Queensland Floods. State
Rocovery and Resilience Plan 2022-24. https://www.qra.qld.gov.au/sites/default/files/2022-
08/2021-22 Queensland Floods State Recovery and Resilience Plan_2.pdf

RBA. (2022). Financial Stability Review. Reserve Bank of Australia.

Reiner, V., Liyanapathirana, N., Sun, Y.-Y., Lenzen, M., & Malik, A. (2024). Wish You Were Here?
The Economic Impact of the Tourism Shutdown from Australia’s 2019-20 ‘Black Summer’
Bushfires. Economics of Disasters and Climate Change, 8. https://doi.org/10.1007/s41885-
024-00142-8

Rickards, L. (2012). Critical Breaking Point: the effects of climate variability, climate change and
other pressures on farm households. Report for the Birchip Cropping Group and the
Sustainable Agriculture Initiative Platform Australia.

Rickards, L., Webb, J., Houghton, S., Finfgeld, H., Juhola, S., Constable, A., Barry, N., T, D., F, Y.,
Kreyscher, K., Raisele., K., & Larin, T. (2025). Governance Technical Report. A technical
report for the National Climate Risk Assessment. Australian Climate Service.

Romanou, A., Hegerl, G. C., Seneviratne, S. |., Abis, B., Bastos, A., Conversi, A., Landolfi, A., Kim,
H., Lerner, P. E., Mekus, J., Otto-Bliesner, B. L., Pausata, F. S. R., Pinto, I., & Suarez-
Guiterrez, L. (2025). Extreme Events Contributing to Tipping Elements and Tipping Points.
Surveys in Geophysics, 46(2), 375-420. https://doi.org/10.1007/s10712-024-09863-7

SGS Economics and Planning Pty Ltd. (2020). Economic recovery after disaster strikes — Volume
two. Australian Government Treasury. https://treasury.gov.au/sites/default/files/2021-
05/171663 suncorp_group ltd supporting documents 1.pdf

Sheng, Y., & Xu, X. (2019). The productivity impact of climate change: Evidence from Australia’s
Millennium drought. Economic Modelling, 76, 182—-191.
https://doi.org/https://doi.org/10.1016/j.econmod.2018.07.031

Shimizu, M., & Clark, A. (2015). Interconnected Risks, Cascading Disasters and Disaster
Management Policy: A Gap Analysis. Environment Systems and Decisions, 3(2), 200-210.
https://www.preventionweb.net/files/46564 _interconnectedriskscascadingdisaste.pdf

Simpson, N. P., Mach, K. J., Constable, A., Hess, J., Hogarth, R., Howden, M., Lawrence, J.,
Lempert, R. J., Muccione, V., & Mackey, B. (2021). A Framework for Complex Climate
Change Risk Assessment. One Earth, 4(4), 489-501.
https://www.sciencedirect.com/science/article/pii/S2590332221001792

Steffen, W., Mallon, K., Kompas, T., Dean, A., & Rice, M. (2019). Compound Costs: How climate
change is damaging Australia’s economy. https://www.climatecouncil.org.au/wp-
content/uploads/2019/05/Costs-of-climate-change-report.pdf

Stern, N., & Stiglitz, J. E. (2023). Climate change and growth. Industrial and Corporate Change,
32(2), 277-303. https://doi.org/10.1093/icc/dtad008

Suncorp Group. (2012). Suncorp Insurance: Roma flood plans deliver up to 70% insurance
reduction. https://www.suncorpgroup.com.au/news/news/suncorp-insurance-roma-flood-
plans-deliver-up-to-70-insurance-reduction

Suncorp Group. (2013). Media Release: Suncorp starts writing new business as Roma levee kicks
off. https://www.suncorpgroup.com.au/uploads/pdf/news/Media Release and Infographic -
Roma sod turning - FINAL.pdf

Australian Climate Service | Real Economy Technical Report | 2025

74


https://treasury.gov.au/sites/default/files/2021-05/171663_suncorp_group_ltd_supporting_documents_1.pdf
https://treasury.gov.au/sites/default/files/2021-05/171663_suncorp_group_ltd_supporting_documents_1.pdf
https://doi.org/10.1093/icc/dtad008

Suncorp Group. (2014). Addressing the high cost of home and strata title insurance in North
Queensland - Discussion Paper. Suncorp General Insurance Submission.
https://treasury.gov.au/sites/default/files/2019-03/C2014-023 Suncorp.pdf

Swiss Re Group. (2024). How big is the protection gap from natural catastrophes where you are?
Mitigating Climate Risk. https://www.swissre.com/risk-knowledge/mitigating-climate-
risk/natcat-protection-gap-infographic.html#/country/Australia/open

Tourism Australia. (2020). The economic importance of tourism. Retrieved 7 24, 2024, from
https://www.tourism.australia.com/en/insights/tourism-statistics/the-economic-importance-of-
tourism.html#:~:text=In%20the%20financial%20year%202018,per%20cent%200f%20Austral
ia's%20workforce

Tran, L., Stoeckl, N., Esparon, M., & Jarvis, D. (2016). If climate change means more intense and
more frequent drought, what will that mean for agricultural production? A case study in
Northern Australia. University of Tasmania. https://hdl.handle.net/102.100.100/557201

United Nations Framework Convention on Climate Change (UNFCCC). (2016). The concept of
economic diversification in the context of response measures.
https://unfccc.int/sites/default/files/resource/Technical paper Economic diversification.pdf

van Binsbergen, J., & Koijen, R. (2017). The term structure of returns: Facts and theory. Journal of
Financial Economics.

van Binsbergen, J., Fernandez-Villaverde, J., Koijen, R., & Rubio-Ramirez, J. (2012). The term
structure of interest rates in a DSGE model with recursive preferences. Journal of Monetary
Economics.

van Binsbergen, J., Hueskes, W., Koijen, R., & Vrugt, E. (2013). Equity yields. Journal of Financial
Economics.

van Dijk, A. I. J. M., Beck, H. E., Crosbie, R. S., de Jeu, R. A. M., Liu, Y. Y., Podger, G. M., Timbal,
B., & Viney, N. R. (2013). The Millennium Drought in southeast Australia (2001-2009):
Natural and human causes and implications for water resources, ecosystems, economy, and
society. Water Resources Research, 49(2), 1040-1057.
https://doi.org/https://doi.org/10.1002/wrcr.20123

Vij, A., Ardeshiri, A., Li, T., Beer, A., & Crommelin, L. (2022). Understanding what attracts new
residents to smaller cities. In AHURI Final Report (Issue 375).
https://doi.org/10.18408/ahuri3226201

Waters, E., Brullo, T., Miranda, A., Bagot Jewitt, S., Gmeiner, K., Sabdia, F., Boulter, S., & Barnett,
J. (2025). Insights from the Adaptation Stocktake. A technical report for the National Climate
Risk Assessment. Australian Climate Service.

Weier, M., Dolan, K., Powell, A., Muir, K., & Young, A. (2019). Money Stories: Financial Resilience
among Aboriginal and Torres Strait Islander Australians 2019.
https://assets.csi.edu.au/assets/research/Indigenous-Financial-Resilience-Report.PDF

Weitzman, M. (2012). GHG Targets as Insurance Against Catastrophic Climate Damages. Journal
of Public Economic Theory, 14(2).

Weitzman, M. (2014). Fat Tails and the Social Cost of Carbon. American Economic Review: Papers
& Proceedings, 104(5).

Australian Climate Service | Real Economy Technical Report | 2025

75



Williams, A., McDonogh-Wong, L., & Spengler, J. D. (2020). The Influence of Extreme Heat on
Police and Fire Department Services in 23 U.S. Cities. GeoHealth, 4(11).
https://doi.org/10.1029/2020GH000282

Wittwer, G., & Waschik, R. (2021). Estimating the economic impacts of the 2017-2019 drought and
2019-2020 bushfires on regional NSW and the rest of Australia. Australian Journal of
Agricultural and Resource Economics, 65(4), 918-936.
https://doi.org/https://doi.org/10.1111/1467-8489.12441

World Economic Forum. (2025). The Global Risks Report 2025.
https://www.weforum.org/publications/

Xiang, J., Bi, P., Pisaniello, D., & Hansen, A. (2014). The impact of heatwaves on workers’ health
and safety in Adelaide, South Australia. Environmental Research, 133, 90-95.
https://doi.org/https://doi.org/10.1016/j.envres.2014.04.042

Yu, D., Yin, J., Wilby, R. L., Lane, S. N., Aerts, J. C. J. H., Lin, N., Liu, M., Yuan, H., Chen, J.,
Prudhomme, C., Guan, M., Baruch, A., Johnson, C. W. D., Tang, X,, Yu, L., & Xu, S. (2020).
Disruption of emergency response to vulnerable populations during floods. Nature
Sustainability, 3(9), 728-736. https://doi.org/10.1038/s41893-020-0516-7

Zhang, Y., Beggs, P. J., Bambrick, H., Berry, H. L., Linnenluecke, M. K., Trueck, S., Alders, R., Bi,
P., Boylan, S. M., Green, D., Guo, Y., Hanigan, |. C., Hanna, E. G., Malik, A., Morgan, G. G.,
Stevenson, M., Tong, S., Watts, N., & Capon, A. G. (2018). The MJA-lancet countdown on
health and climate change: Australian policy inaction threatens lives. Medical Journal of
Australia, 209(11). https://doi.org/10.5694/mja18.00789

Australian Climate Service | Real Economy Technical Report | 2025

76



9 Appendices

Appendix A: A summary of socioeconomic and land use change in
Australia

Prepared for the Australian Climate Service by Deloitte, July 2024

Climate and hazard projections, socioeconomic pathways, storylines and case studies are essential
tools to understand how risks can change through time. By combining these into different scenarios,
analysts involved in the National Assessment explored a range of possible outcomes and identified
the scale of risks under various conditions. This approach helps to tease out key risks, trends and
characteristics of these trends. It also provides valuable information for decision-makers to inform
adaptive strategies, prioritise investments, and implement policies that build resilience.

Plausible future scenarios can support decision-makers to stress-test existing strategies and plans,
helping leaders to explore how their operations might perform under different futures and to test the
effectiveness of adaptation strategies. For example, a coastal city might use high global warming
scenarios to evaluate flood risks and plan protective infrastructure, while a business might evaluate
supply chain disruptions to inform long-term planning.

To enable effective analysis and integration, scenarios for climate and hazards as well as exposure
and vulnerability scenarios were utilised across the National Assessment. Three scenarios were
developed by Deloitte which describe distinct but plausible futures for Australia that consider varying
socioeconomic contexts and the potential role of climate damages under different levels of global
warming. These scenarios depict how land use, including the built environment, and socioeconomic
circumstances may change from now until 2090. These scenarios are based upon the Shared
Socioeconomic Pathways (SSPs) that underpin the Intergovernmental Panel on Climate Change
Sixth Assessment Report (IPCC ARG). Inputs for the socioeconomic scenarios include economic
assumptions, and outputs from Deloitte’s population forecasting model and D.Climate damage
functions. For the land use scenarios, inputs include information on present day land use for
Australia and a consideration of current Australian Government policies to guide assumptions on
urbanisation, agricultural activity, and minimal land disturbance to conservation and protected areas
to limit land clearing and biodiversity loss.

8 Although the scenarios presented in this document go to 2090, the reference to global warming levels by
2100 refers to key attributes of the input datasets, specifically the SSP climate scenario outputs sourced
from Global Climate Models used to calculate climate damages and global land use narratives.
Deforestation refers only to decreasing changes in tree cover outside of protected areas. It is assumed that
protected areas will remain unchanged.

10 National estimates based on aggregating 10km gridded output
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Moderate Shift | 2050

The Moderate Shift scenario is one that describes low population and productivity growth for Australia, depicting a
future trajectory that aligns with a moderate global greenhouse gas emissions scenario. In this scenario, the rise in
global mean temperature relative to the preindustrial period ranges from 2.1°C to 3.5°C by 21008, according to global
CMIP6 projections.

Moderate Shift is characterised by a slower average annual economic growth rate of 1.5% between now and 2050. All
regions are projected to have lower positive growth rates relative to the other scenarios over the period. In line with a
weaker profile for GDP and population growth relative to the other scenarios, household disposable income and real
GDP per capita are also weaker. Under the Moderate Shift scenario, urban areas are projected to expand significantly
(24%), which is notable given the slower population growth. Agricultural activity sees minimal change by 2050, with
cropping activity and managed grazing expanding marginally (1.1% and 0.5% respectively), and rangelands decreasing
marginally (-0.2%), suggesting only small transitions towards agriculture over this period. Deforestation® occurs outside
of protected areas at lower rates than other scenarios (-0.9%).
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Moderate Shift | 2090

The Moderate Shift scenario is one that describes low population and productivity growth for Australia, depicting a
future trajectory that aligns with a moderate global greenhouse gas emissions scenario. In this scenario, the rise in
global mean temperature relative to the preindustrial period ranges from 2.1°C to 3.5°C by 21008, according to global
CMIP6 projections.

Moderate Shift is characterised by a slower average annual economic growth rate of 1.2% between now and 2090. All
regions are projected to have lower positive growth rates relative to the other scenarios over the period. In line with a
weaker profile for GDP and population growth relative to the other scenarios, household disposable income and real
GDP per capita are also weaker. Under the Moderate Shift scenario, urban areas are projected to expand significantly
(39.8%), which is notable given the slower population growth. Agricultural activity also expands to cover more land
(however this excludes explicit consideration of agricultural productivity). Cropping activities expand (12%)
disproportionately to the declines in grazing activity (managed pastures -0.9%; rangelands -1%), suggesting more land
is transitioning towards cultivation. Deforestation® occurs at similar rates to other scenarios.
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Balanced Outlook | 2050

The Balanced Outlook scenario considers moderate population and productivity growth, describing a future that aligns
with a relatively low global greenhouse gas emissions scenario. In this scenario, the rise in global mean temperature
relative to the pre-industrial period ranges from 1.3°C to 2.4°C by 21008, according to global CMIP6 projections.

This scenario is the central scenario and is characterised by an average annual economic growth rate of 2.1% between
now and 2050. All regions are projected to have positive growth rates, with Victoria and Queensland (south region)
showing the strongest growth above the national average. Under the Balanced Outlook scenario, urban areas are
projected to expand more slowly (17.1%) than in other scenarios. Expansion of crop areas sees greater change by
2050 (7.1%) compared to later in the century. Grazing activities see marginal decreases similar to other 2050 scenarios
(managed pastures -0.7%; rangelands -0.3%). Deforestation® outside of protected areas occurs at similar rates to other
scenarios (-1.6%). Notably, due to opposing changes in land use across a large region, there are instances where total
land use areas may appear to change only marginally.
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Balanced Outlook | 2090

The Balanced Outlook scenario considers moderate population and productivity growth, describing a future that
aligns with a relatively low global greenhouse gas emissions scenario. In this scenario, the rise in global mean
temperature relative to the pre-industrial period ranges from 1.3°C to 2.4°C by 21008, according to global CMIP6
projections.

This scenario is the central scenario and is characterised by an average annual economic growth rate of 2.1%
between now and 2050. All regions are projected to have positive growth rates, with Victoria and Queensland
(South region) showing the strongest growth above the national average. Under the Balanced Outlook scenario,
urban areas are projected to expand more slowly (17.1%) than in other scenarios. Expansion of crop areas sees
greater change by 2050 (7.1%) compared to later in the century. Grazing activities see marginal decreases
similar to other 2050 scenarios (managed pastures -0.7%; rangelands -0.3%). Deforestation® outside of
protected areas occurs at similar rates to other scenarios (-1.6%). Notably, due to opposing changes in land use
across a large region, there are instances where total land use areas may appear to change only marginally.
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Accelerated Momentum | 2050

The Accelerated Momentum scenario corresponds to higher population and productivity growth and describes a
future that aligns with a moderate global greenhouse gas emissions scenario. In this scenario, the rise in global
mean temperature relative to the pre-industrial period ranges from 2.1°C to 3.5°C by 21008, according to global
CMIPG6 projections.

Accelerated Momentum is characterised by a higher average annual economic growth rate of 2.6% between now
and 2050. Under the Accelerated Momentum scenario, all regions have stronger economic growth relative to the
other scenarios. In line with a stronger profile for GDP and population growth compared to the other scenarios,
household disposable income and real GDP per capita are also stronger. Urban areas are projected to expand
significantly (24%) by 2050. Agricultural activity sees minimal change by 2050, with cropping activity and managed
grazing areas expanding marginally (1.1% and 0.5% respectively), and rangelands decreasing marginally (-0.2%),
suggesting only small transitions towards agriculture over this period. Deforestation® outside of protected areas
occurs at similar rates to other scenarios.

Socioeconomic Land use and built environment'®

Farest area

declines by 0.9% %A

between 2023 and 2050

1.8% Urban areas expand by
24596, with
Average real economic growth of 2.6% 872.9 kha

per year over the next 27 years

of land transitioning to urban
use between 2023 and 2050

Population is
projected to grow by

12.4 million o
between 2022 and 2050 Cropping activity uses
1.1% more land
- by 2050
6.6 million —_—

new dwellings to be
constructed between 2023

and 2050 Managed pastures and
: intensive grazing uses

Real household disposable A‘ 0.5% more land

income is projected to grow 4 by 2050
by more than
2.1 times A Rangeland grazing uses
between 2023 and 2050 0.2% less land
by 2050 1

Real GDP growth per capita
/\/\] is projected to rise by
1.1% per year

between 2023 and 2050
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Accelerated Momentum | 2090

The Accelerated Momentum scenario corresponds to higher population and productivity growth and describes a future
that aligns with a moderate global greenhouse gas emissions scenario. In this scenario, the rise in global mean
temperature relative to the pre-industrial period ranges from 2.1°C to 3.5°C by 21008, according to global CMIP&
projections.

Accelerated Momentum is characterised by a higher average annual economic growth rate of 2.5% between now and
2050. Under the Accelerated Momentum scenario, all regions have stronger economic growth relative to the other
scenarios. In line with a stronger profile for GDP and population growth compared to the other scenarios, household
disposable income and real GDP per capita are also stronger. Urban areas are projected to expand significantly
(39.8%) by 2050. Agricultural activity also expands to cover more land: cropland expands (12%) disproportionately to
the declines in grazing activity, suggesting more land is transitioning toward cultivation. Deforestation® outside of
protected areas occurs at similar rates to other scenarios.

Socioeconomic Land use and built environment'®

Farest area

declines by 2.6% )
between 2023 and 2090

A2TH et A

5% Urban areas expand by
39.8%, with

1,444.1 kha

of land transitioning to urban
use between 2023 and 2090

Average real economic growth of 2.5%
per year over the next 67 years

Population is
projected to grow by

32.1 million o
between 2022 and 2090 Cropping activity uses
12% more land
- by 2090
18.8 million —_—

new dwellings to be
constructed between 2023

and 2090 Managed pastures and
: intensive grazing uses

Real household disposable & 0.9% less land

income is projected to grow . by 2090
by more than
6.6 fimes P m— Rangeland grazing uses B
between 2023 and 2090 1% less land
bv 2080 ™

Real GDP growth per capita

is projected to rise by
1 . 3 foo per }"Eal" levels by 2100 refers to key attributes of the input datasets, specificallythe S5P climate senario

outputs sourced from Global Climate Modelsused tocalculate dimate damages and global land
between 2023 and 2090 usze narratives Deforestation refers only to decreasing changes in tree cover cutide of protected

arzzes It is semiirmad rhar menracms A arsar will ramaing o mchsread $ Blarienel serimass hacad an
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Scenario assumptions

Scenario development consists of identifying the key drivers for Australia’s future development.
Scenario metrics that underpin these drivers are assigned critical assumptions to guide how future
conditions may evolve. In theory, there are countless future possibilities that could be used to
construct insightful scenarios.

These scenarios were agreed upon through engagement with the ACS and relevant stakeholders.
The scenarios are aligned with the population and productivity assumptions used by The Treasury
in the Intergenerational Report (IGR). The global warming levels (GWLs) described within the
National Assessment methodology report available from DCCEEW were also a consideration,
namely the scenarios needed to align with 1.5°C, 2°C, and 3°C global warming which can be
mapped to SSPs as described below.

Scenarios
Moderate Shift Balanced
(Low) Outlook
Drivers Variables Assumption (Baseline)
Sodioeconomic Total Fertility
Rate (babies 1.44 1.58 73
per woman)
Population Net Overseas
fg'fcil'ec’ge 200,000 250,000 300,000
\
year)
Productivity
Productivity Labour - ;
< ) 09 1. 5
(productivity ‘
growth %)
~ Shared Socio-
Climate B e e cenq cemm
Da'ﬂages economic SSP2-45 SSP1-2.6 SSP2-45
Pathways (S5Ps)
tiﬂf‘”se and SCZEgrf”d Use | uk2 SSP2-4.5 SSP1-2.6 SSP2-45
] By
environment ) - o . I
CMIPE models 2.1°Cto 3.5°C 1.3°C to 2.4°C 2.1°Cto 3.5°C
W 5 . o o .
GWL b:, 2100 (3.00C) (2.00C) (3.00C)
AM models 2.6°C 1.8%C 2.69%C
: Populaticn Expansion of built-up area is a function of population
Urbanisation Count growth from socioeconomic scenario outputs
Decreased forest i ncreased ) Decreased forest
bioenergy use; P
Land Use extent and forest extent and
narrative LUH2 ingeased restoration: ncreased
° cultivated land = duced cultivated land
before 2050 regucs before 2050
e agricultural land -
Land use : - :
regulation Medium Strong Medium
ncl. yield
Lana : INCreases anc Medium Rapid Medium
productivity livestock
intensification
Environmental ncl. food
impact of food demand and Medium Low Medium
consumption fertilizer use
Environmenta All scenarios assumed that current conservation and
protection protected areas remain unchanged.
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Socioeconomic scenario method

Deloitte’s approach to produce long term socioeconomic scenarios for the National Assessment
involved leveraging a framework, similar to The Treasury’s 3Ps (Population, Participation and
Productivity) approach. Deloitte’s framework defines the productive capacity of the Australian
economy based on the key datasets and assumptions for each variable, whilst also accounting for
climate change related physical damages to the Australian economy. The methodology involved a
three-step modelling process, using the outputs of two supporting models — the Deloitte Access
Economics Demographic Model (DAE-DEM) and D.Climate model — as inputs to the primary
Deloitte Access Economics Macroeconomic Model (DAEM).

Deloitte’s global forecasts cover major economies and key trading partners:United States, Eurozone,
United Kingdom, Japan, China, India and New Zealand.

Global Global economic conditions influence the Australian economy via trade volumes and the terms of
Inputs trade, along with financial variables such as interest rates and exchange rates.
Assumptions Population
Deloitte Access Economics’ population
forecasting model (DAE-DEM) uses a Total Fertility Net Overseas
e " cohort-component method, which Scenaric/ | Rate(babies per Migration
'E_ c preduces forecasts for Australia and all Variable woman) (people per year)
o % states and territories at a single-year-of-age -
%o-g level. High 1.73 300,000
E = The model makes assumptions about the Baseline 158 250,000
a three components of demographic change:
(1) births, (2) deaths and (3) migration. Low 1.44 200,000
The long-term growth rate in labour
productivity is a key driver of economic Domestic production is divided between household,

activity. Assumptions about the long-term government and business sector production.
growth is guided by Treasury's base case
in the 2023 Intergenerational Report (IGR). | The size of the labour force is forecasted using inputs
from the DAE-DEM model.

Deloitte uses historical data up to March

2024, induding the December 2023 Inflation in the DAEM Model i influenced by the
quarter Australian National Accounts, business sector output gap, real exchange rate,
December 2023 Population Projections import prices, monetary policy and earnings.

and the 2023 IGR.

Assumptions

Agricultural Heat siress
The D.Climate model captures six physical damages impacts
damages of a changing climate (rising from . = on labour
i i iations i edlh damages i
temperatures) on the productive capacity of 'Ja”ah'?rl‘a in O; I;bmlJrD productivity
) crop yields
the Australian economy. 4 productivity

SSP1-2.6 and SSP2-4.5 were considered for

: h A ) Capital damages
modelling physical risks from dimate =

: - Tourism from investing in

change. The physical damages associated R renairs Sea leve

- - . = ) damages pairs S lave

with the 5SPs and their corresponding on the flow of r|selerodes

temperature pathways were modelled. global currency = productive land

Population Real GDP and GSP Nominal GDP and GSP
Total Dwellings Dwelling Houses Attached Dwdlings
Real Household Mominal Household State Final D
Disposable Income Disposable income -1ate Final emana
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Land use and built environment scenario method

Long-term changes to land use and the built environment will inform the assessment of the National
Assessment priority climate risks as these changes may influence future vulnerability to physical
climate-related hazards. For this, Deloitte produced long-term projections that described changes in
land use under different future scenarios. Deloitte’s approach involved developing a baseline map of
present-day land use, before applying global land use scenarios to inform more granular information
of land use change over different timeframes. These projections were then updated with inputs from
the ancillary socioeconomic scenarios and guided by relevant policy.

Step 1. Develop a present-day baseline map of land Dataset Land use classes
use and buik environment in Australia
- Forest
Present-day land use mapping uses two datasets . Shrub &grass
NWVIS _ :
%-. + National Vegetation Information System (NVIS) N - Water bodies & estuaries
1] - Barren
E tg - Catchment Scale Land Use of Australia (CLUM)
= Protected areas
E 'g These datasets, comprised ofland use and vegetation - Rangelands
v T classifications developed through naticnal land CLUM . Managed pasture
o manitoring programs, are remapped to nine land use . Crop
Classes (see right). . Urban

Step 2. Apply SSP land use scenarios to create initial land use / built environment projections

dataset was used to provide initial gridded
infarmation on land use change for twe scenarios | Agricultural land was prevented from

- aligned to the S5Ps and the socioecanomic encroaching on protected areas.
scenarios produced by Deloitte.

Urban fractions were prevented from

These scenarios vary in their assumptions on decreasing from 2080 onward.

woad harvest, forestry transitions, agricultural _ -

activity (intensification, shifting cultivation, crop Adjustments were made to indude changes to
rotation) and urbanisation. forest fractions beyond the regions where

active wood harvest is occurring.

Limitations of LUH2 were amended. Existing land
under the Protected land class in National or Changes between rangeland / shrub & grass
State areas were kept constant according to that are equal and opposite was disabled.

cumrent emironmental policy.

Step 3. Input from other ancillary projections of socdoeconomic and relevant Australian Government
policy to update the projections

Step 2 outputs were aggregated to the 9 NCRA regions used in the socioeconomic scenarios to apply
adjustments. Current Australian Government policies that may influence land use change were
considered, and informed scenano assumptions. Additionally, land use characteristics were also
adjusted based on the population indicators from socioeconomic scenarios to inform urbanisation
rates, with subsequent adjustment of other land use types.

Required indicators from the socioeconomic scenarios to adjust other land use cases with emphasis
on land intensive sectors (e.g. agriculture and forestry) were considered but not applied due to
uncertainty in appropriate assumptions to inform their application.

Metrics Format Quiputs
+  Excelworkbook + 3 :=cenarios
= Actual arealkha) per _ .
. 10km and 1km = Annual timeseriesto
land use type '
gridded datasets 2090
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Limitations and caveats

Socioeconomic Scenario Development

The methodology outlined for the development of the sodoeconomic scenarios allows Deloitte to produce
internally consistent long temm socioceconomic scenarios at the national and state and territory levels. However, due
to the accelerated timeframe, the approach does have limitations and some elements are excluded from the
modelling framework. These include the following:

1.

Potential trade effects of proposed industry policy such as the Inflation Reduction Act in the United States, or
the Green Industrial Dealin the European Union are exduded.

Potential effects of international dimate policy such as the EU Carbon Border Adjustment Mechanism (CBAM)
are excluded from the modelling.

All transition risks to Australia from dimate change, such as the risk of price fluctuations or the risk of stranded
capital, are excluded from the modelling. Only a subset of dimate damages incorporated into the D Climate
madelling framework are included.

It is assumed that physical risks impact economic activity by eroding growth in labour productivity as well as
growth in exports of some commaodities, such as agricultural commod ities, and some services, such as those
assodated with tourism.

Land Use and Built Environment Scenario Development

The development of the land use and built environment scenarios may possess some limitations in how the land
use scenarios can be applied in climate risk assessments. These limitations include:

1.

Regional estimates and meaningfultime series analysis are potentially affected by the compensating changes
inincreases and decreases as some land use types shift to new areas and due to the need to recondile
estimates to the same total land area of Australia.

The LUH2 dataset had a number of limitations, espedally far the Australian context including expansicon of
agricultural activity into protected areas and forest cover changes limited to current farestry adivities. Efforts
have been employed to correct a number of these while the accelerated timeframe limited the ability to
resolve athers. Namely, blocking artefacts become apparent when comparing year to year changes in the land
use types rather than the absolute values which is a feature of LUH2.

Ensuring land fractions sum to 1.0 in each grid cell necessitated a number of adjustments to limit counting land
areas more than once. In this process, only land use fractions for Shrub & grass, Rangelands, Managed
pasture, Crop and Forest were updated through this process after adjusting urban areas to align with the
populaticn growth of the sociceconomic scenaries. The updates were applied sequentially according to priority
(as informed by policy assumptions).

The methodclogy applied to create 10km and 1km gridded land use scenarios for Australia, inherits many of
the transitions of the main scenario input from LUHZ2. Therefore, land use transitions from LUH2 dominate
aver the adjustments applied to reconcile with metrics from the sociceconomic scenarios.

Some processes require more detailed modelling to enable an evaluation of the influence of sea level rise on
land availability, vegetation preductivity changes and distribution changes due to climate change and more
complex urban categaories. These influences have been excluded when developing the estimates provided
within this dataset.
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Appendix B: Natural and built domain scenarios
Prepared for the Australian Climate Service by Deloitte, July 2024

To inform the assessment of the priority climate-related risks identified by the National Climate Risk
Assessment (National Assessment), it is necessary to consider how changes in land use and the
built environment may influence future exposure and vulnerability to physical hazards associated
with climate change. Global land use and built environment scenarios that align to leading practice
exist, such as those which informed the findings of the Intergovernmental Panel on Climate Change
Sixth Assessment Report (IPCC ARG6). However, these scenarios are at the national level and given
Australia's size and diverse climate, it is necessary to develop sub-national projections. The
Australian Government’s policy positions are likely to directly or indirectly influence future activities
in agriculture, reforestation, and biodiversity conservation over time. There is, therefore, important to
develop a new set of scenarios relevant to the Australian context, to enable a deeper
characterisation of future risk, and to understand how the determinants of climate risk may change
along with socioeconomic and land use factors.

Historical land use change in Australia is predominantly associated with agricultural intensification
(DCCEEW, 2009). Policy changes and competing demands for land (e.g., urbanisation associated
with population growth) are expected to influence future changes to the agriculture sector, including
changes in land management practices and choices around commodity type (Williams, et al., 2021,
p.64). Most of the Australian population reside in capital cities, wherein population growth is the
primary driver for urbanisation (ABS, 2016). Most state and territory governments have policies that
preference urban infill over urban sprawl — with this likely to influence the expansion of urban extent
at the expense of other land uses. Environmental policy, such as the Australian Government
commitment to protect and conserve 30% of Australian land by 2030 (DCCEEW, 2022), can further
guide assumptions on future land use transitions. This includes protected areas and forested
regions, which are important to reconcile with current policies and targets concerning greenhouse
gas (GHG) emissions and the pursuit of a net zero economy.

The scenarios described in this report are informed by historical land use data. While historical data
collection methods on land use are varied across Australia, the prevalence of land use data derived
from remote sensing satellite imagery has recently allowed collection of more detailed data and
more specific classifications. For example, the built environment can now be delineated into more
specific types (e.g., commercial vs. residential), and on finer scales than previously available
(Demuzere, et al., 2022). This can serve as a useful basis for understanding land use today. When
considering future land use change, uncertainty exists and therefore the scenarios provide
information on broader land use classes and fractional estimates rather than the detailed land use
classifications that characterise current land use in Australia.

The SSPs depict five alternate futures where different socioeconomic circumstances are assumed
and present challenges to climate adaptation and mitigation (O’Neill et al., 2014). For further
information on the different SSPs, refer to Appendix A. The scenarios developed in this report are
informed by two of the five SSPs, specifically SSP1-2.6 and SSP2-4.5, with key characteristics
summarised in the table below. This selection was agreed with the Australian Climate Service.

The SSP1 pathway, corresponding to SSP1-2.6, describes a future with strong global
socioeconomic development, supported by sustainable energy pathways. Under this scenario, it is
assumed that income and living standards will rise globally over the century, and inequality will
decline. Strong economic growth is projected to occur with more predominant consumptive changes
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for multiple primary production sectors. This includes assumptions such as a reduced global
demand for meat products. As nations develop, it is assumed that pollution controls will be enacted
and GHG emissions will decline in the long-term.

The SSP2 pathway, corresponding to SSP2-4.5, denotes similar trends, but under conditions where
changes are slower to occur. Under this scenario, consumption is expected to rely largely on non-
renewable sources of energy, and resource-intensive livestock industries will flourish under
moderate global population growth and wider global income inequality. Fossil fuel reliance is
assumed to remain similar to present-day levels, consequently raising GHG emissions over time.
Increasing mitigation efforts to reduce GHG emissions would occur at slower paces than under
SSP1, with a notably greater lag between developed and developing countries.

Land use change Land productivity Environmental impact  International trade
regulation growth of food consumption

S5P1 Strong and effective Rapid growth in low- Low growth in Moderate, with
regulation glabally ta medium income consumption, lesser connected markets
avoid environmental countries, medium demand for meat and international
trade-offs growth in high-income cooperation

countries

SSP2  Medium regulation, Medium rate of Material-heawvy Moderate, with
deforestation technological change consumption, medium  partially open
decreases only slowly meat consumption globalised economy;

delayed international
climate cooperation

Future natural domain key results

The three scenarios produced throughout this process provided different potential futures of land
use change in Australia.

Under both SSP2-4.5 (low and high) scenarios, more land overall is used for human-intensive
purposes. Urban areas are projected to expand significantly, which is notable given the slower
population growth. Agricultural activity is also projected to use more land, with declines in grazing
land disproportionately small compared to the expansions in cropland. Due to the statistical
downscaling approach taken, both scenarios show similar results for national estimates, with
differences only becoming more apparent for smaller regions.

Under the SSP1-2.6 Base scenario, urban and cultivated areas are projected to expand slower than
in other scenarios. Forest area declines (outside of protected areas) at roughly the same rate
across all three scenarios. Due to opposing changes in land use across a large region, there are
instances where total land use areas may appear to change only marginally.

More detailed results are provided in the Deloitte technical report to ACS.
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Attribute

55P1-2.6

55P2-4.5

55P narrative

Sustainability

Middle of the Road

Global warming level by
2100 - CMIPE Models

1.3t024°C{2.0°C)

2.1°Cto 3.5°C (3.0°C)

Global warming level by 1.8°C 2.6°C
2100 - 55P |1AM Madels

Global population by 253 bn 917 bn
2050

Global population by £.96 bn 9.03bn

2100

Land use narrative

Increased bioenergy use in
combination with carbon capture and
storage, avoided deforestation policy,
and restoration of degraded forests to
limit bicdiversity loss.

The combination of socioeconomic
trends and dimate policy results in
substantial reductions in total
agricultural land. At the same time,
large areas are dedicated to
bicenergy production, and forest
extent increases.

Initial decrease in forest
extent out to 2050 with a
subsequent increase from
2050 to 2100,

Increase in cultivated areas at
with some conversion of
pasture areas for energy
crops although at a lower
rate than S5P1.

Urbanisation

Fast urbanisation in all countries with high
income growth but aligned with
sustainability aspirations.

Centralised urbanisation at
moderate pace associated with
moderate income growth.

Energy composition

Declining coal and il ca. 2030
onwards, supplemented with some
growth in gas over 2040 to 2070.
Strong increase in renewables to 2050
with increase in bioenergy.

Declining coal and oil ca.
2030 onwards,
supplemented with growth in
gas to 2070.

Strong growth in renewables,
particularly after 2050,
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Historic (2020)

Future Change
(GWL by 2100: 2.1°C to 3.5°C)

2050 minus 2020

2090 minus 2020

Forest

O

Crop

Managed Pasture

Rangeland

Urban

ke,

kv,

0.4 Q.2 0.4 0.6 0.8
Fractional Cowver

1o

—0.225 —0.150 —0.075

0.000

0075 0150 0.225

Fractional Change
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Appendix C: Expert interviews

Prepared for the Australian Climate Service by Finity, August 2024

Consultations with key stakeholders across the ACS and relevant National Assessment working
groups as well as other risk teams and representatives of DCCEEW were conducted to identify
subject matter experts to interview and capture their expert views.

Expert interviews focused on impacts of physical climate risks on the real economy, trade and
finance system. The central question of the interview was “What are the expected impacts of current
and future to 2050 and 2090 physical climate risks in the different parts of the real economy, trade
and financial sectors of the overall economy?”

In addition to property losses, businesses and industries experience several different types of
losses and impacts to their abilities to continue to provide goods and services to their customers as
a result of climate events and natural disasters. Experts were asked about their views on the
following categories of impacts:

1. Production interruption: when businesses are not able to produce goods and deliver
services to their customers for any reason for any length of time it causes irreversible
damage to business performance. It also frequently leads to businesses having to stand
down employees or use productive worktime for other not productive activities. The costs of
this risk are traditionally measured in terms of lost revenue. Lost production time which can
be translated into lost revenue terms using average production per days, weeks or months.

2. Costs of cleanup: natural disasters and related damage requires clean up in terms of
expenditure on services to help this process as well as dedicating the required hours, days,
weeks or months required to bring facilities up to acceptable specifications to enable
production to resume. Cleanup activities can also be performed by employees of the
business in which case time is again diverted from production activities which can be
measured by lost revenues.

3. Capital destruction: capital assets other than buildings may be damaged or even destroyed
by impacts of natural disasters. These assets can include vehicles, specialised machinery
and equipment used in the delivery of products and services. Loss of specialised often
imported assets in particular could mean that businesses may experience longer
suspensions in operations as such assets may take some time to be produced, delivered
and installed. In addition, destruction of natural capital assets tied to specific production
activities could lead to long recovery periods and even to permanent loss of production
opportunities.

4. Stock destruction: Businesses frequently keep stockpiles of their products on premises to
be able to satisfy sudden shocks in demand or to fulfill large or long-term orders to
effectively manage their delivery contract obligations. These may be destroyed as a result of
natural disasters and extreme weather events. This destruction is very costly because it
involves destroying completed and sometimes already sold products which creates
additional pressures on businesses to renew production as soon as possible to be able to
deliver these.
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5. Supply chain delays: in case of disrupted deliveries of inputs and outputs may have a
similar impact to production interruptions. These impacts could also occur unexpectedly and
to businesses that have not been directly impacted by disaster or extreme weather events
when businesses that supply their products to the rest of the economy are impacted directly.
These delays could be additional to supplies of capital assets discussed previously.
Production revenues and time lost can be quantified in addition to opportunity costs of
production.

6. Facility recovery, reconstruction and rebuild: varying levels of damage to buildings and
assets drive the expenditure required for damage. Individual businesses and industries are
exposed to these impacts in different ways depending on their locations, ability to move their
operations and their business models. Some industries may not be impacted, some may be
impacted temporarily until they find new premises, and some may require facilities to be
rebuilt or reconstructed which may involve additional time depending on individual cash
position and insurance cover.

7. Capital recovery and reinvestment: availability of investment capital and availability and
affordability of insurance cover play an important role in the recovery process. Banks and
investors may require higher level of returns due to higher risks of continuing business
operations in the future. They account for additional risks when investing in businesses that
are more susceptible to natural disasters and understand that such businesses could
become constrained in the future. Insurers demand higher premiums from businesses
previously impacted by extreme weather events as they also understand the increased
likelihoods of these risks. Both investors and insurers should also understand that building in
elements of resilience into the recovery process reduces future risks.

The second part of the interview focused on the severity of impacts described previously to enable
interviewees to discern between recoverable and non-recoverable shocks to business and industrial
operation as illustrated in Figure 31. This approach has been chosen in an attempt to create
specification analogous to the system tipping points in other streams of the National Assessment.
The two distinct questions that were used for this delineation were

1 What would be an impact to industry revenue of a temporary (recoverable) shock to
industrial production? — to illustrate recovery where the no resilience actions required
and the recovery would be sustainable

2 What would be an impact to industry revenue of a prolonged (non-recoverable) shock to
industrial production? — to illustrate a recovery where additional actions are required
including to prevent permanent future issues
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Figure 31: Recoverable interrupted and non-recoverable disrupted profiles. Source: Finity, 2024

Interviewees responded to this delineation of potential impacts with further clarification questions as
not many considered these types of differences between idiosyncratic and systematic shocks to
industry production previously.

Over 25 experts were interviewed including representatives of:

e Australian Bureau of Statistics

e Reserve Bank of Australia

e Australian Prudential Regulatory Authority (for insurance risks)

e Commonwealth Department of Climate Change, Energy, the Environment and Water
e Commonwealth Scientific and Industrial Research Organisation (CSIRO)
o Commonwealth Department of Industry, Science and Resources

e Australian Bureau of Agricultural and Resource Economics and Sciences
e National Emergency Management Authority

¢ Climate Change Authority

e Government of South Australia

e Government of Tasmania

e Government of Queensland

e Government of Australian Capital Territory

e University of Melbourne

e University of New South Wales

e Australian National University

e University of Adelaide

e Australian Energy Council

e Investor Group on Climate Change

e Ai Group

NOTE: experts were interviewed on their area of expertise, so not all experts contributed to all interviews.
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