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For this report, we were asked to address the following questions:  

 

1. What attribution evidence exists regarding recent extreme events that occurred over Australia? 

 

2. What is the current state of knowledge regarding future projections of climate and extreme events 

for Australia? 

 

3. What percentage of Australia’s surface area will be affected by heat waves per year under 

pathways leading to 1.5°C and 2.0°C of warming by 2100, and under Current Policies (2.8°C), 

respectively? 

 

4. How many heat waves will young generations born in Australia face under pathways leading to 

1.5°C and 2.0°C of warming by 2100, and under Current Policies (2.8°C), respectively? 

 

5. How does the lifetime heat wave exposure for young generations compare with those for the 1950 

birth cohort? 

 

6. How many young people born in Australia between 1990 and 2020 will face unprecedented 

lifetime exposure to heat waves? 

 

Question 1 is addressed through a review of the scientific literature. Question 2 is addressed through 

a review of two recent reports by the Intergovernmental Panel on Climate Change (IPCC), the Working 

group 1 and Working Group 2 contributions to the Sixth Assessment Report (AR6), published in 2021 

and 2022, respectively. These IPCC reports themselves represent a critical assessment of the scientific 

literature on the topic and are approved by all governments constituting the IPCC. We note that the 

former report only assesses scientific publications accepted before 31 January 2021, while the latter 
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report only assesses scientific publications accepted before 15 September 2021. Scientific publications 

published after these dates are therefore not considered in our review for Question 2. 

 

Questions 3-6 are addressed through dedicated calculations by the author team of this report. The 

results are derived from three scientific studies conducted in the research team of the authors of this 

report: Thiery et al. (2021, Science)1, Grant et al. (2025, Nature)2, and Pietroiusti et al. (forthcoming)3. 

All results presented in response to the questions 1-4 are for Australia only. 

 

 

  

 
1 Thiery, W., Lange, S., Rogelj, J., Schleussner, C.-F., Gudmundsson, L., Seneviratne, S.I., Frieler, K., Emanuel, K., 

Geiger, T., Bresch, D.N., Zhao, F., Willner, S.N., Büchner, M., Volkholz, J., Andrijevic, M., Bauer, N., Chang, J., Ciais, 

P., Dury, M., François, L., Grillakis, M., Gosling, S.N., Hanasaki, N., Hickler, T., Huber, V., Ito, A., Jägermeyr, J., 

Khabarov, N., Koutroulis, A., Liu, W., Lutz, W., Mengel, M., Müller, C., Ostberg, S., Reyer, C.P.O., Stacke, T., Wada, 

Y., (2021) Intergenerational inequities in exposure to climate extremes, Science, 374(6564), 158-160. [pdf, 

Research highlights in Nature, Nature Climate Change, and The Lancet Planetary Health]. (This study introduces 

the lifetime extreme event exposure framework) 

 
2 Grant, L., Vanderkelen, I., Gudmundsson, L., Fischer, E., Seneviratne, S. I., and Thiery, W., (2025) Global 

emergence of unprecedented lifetime exposure to climate extremes, Nature, 641, 374–379, 2021. [pdf, 

Research highlights in Nature News and Views; Nature Editorial; Nature News]. (This study updates the global 

warming pathways feeding into the lifetime extreme event exposure framework to the latest generation) 

 
3 Pietroiusti, R., Hetzer, J., Turco, M., Prudencio Montano, S., Laridon, A., Lejeune, Q., Prapotny, D., Thiery, W., 

Increasing lifetime exposure to extreme fire weather under climate change in Portugal and Europe, in review. 

(This study updates the demographic data feeding into the lifetime extreme event exposure framework to the 

latest generation) 

https://www.science.org/stoken/author-tokens/ST-77/full
https://www.nature.com/articles/d41586-021-02586-4
https://www.nature.com/articles/s41558-018-0169-y
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(21)00321-1/fulltext
https://doi.org/10.1038/s41586-025-08907-1
https://www.nature.com/articles/d41586-025-01336-0
https://www.nature.com/articles/d41586-025-01380-w
https://www.nature.com/articles/d41586-025-01417-0
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1 Geographic division convention for Australia 
 

To systematically analyse consistent spatial units, regional and sub-regional conventions are defined 

in the scientific literature. Throughout this report, we adopt (see Figure 1) the convention established 

in the IPCC Sixth Assessment Report (AR6). 

 

 
Figure 1. Continental regions adopted since IPCC AR6 in much of the scientific literature 

 

Figure 2 illustrates the regional subdivisions encompassing Australia, along with the precise locations 

of the authors in this case. 

 

 
Figure 2. Regional subdivisions of Australasia containing Australia. Authors’ locations are indicated by black 

stars.  
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the thermal stress they experienced in 2016. The 2 °C global target would result in 3 times the 2016 

level of thermal stress and 3 °C, which is currently being tracked with the NDCs32, would be over 6 

times the 2016 level of stress. The optimistic global targets of +1.5 °C and 2.0 °C, even if achieved, are 

unlikely to provide the thermal environment necessary for the maintenance of coral reef communities 

typical of the mid-20th century.” 
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3 Review of climate and extreme event projections for Australia 
 

In this section, we provide extracts from the IPCC 6th Assessment Reports (AR6), from Working Group 

I (including the Interactive Atlas) and II, describing projected changes in climate and extreme climate 

events for Australia as a whole or for sub-regions. In Section 2, a vast majority of text consists of 

literal citations from IPCC reports, highlighted by quotation marks. 

 

 

3.1 Working Group 1 contribution to the Sixth Assessment Report (AR6) 
 

3.1.1 Chapter 11: Weather and Climate Extreme Events in a Changing Climate 

 

Table 11.10. This table describes “Observed trends, human contribution to observed trends, and projected 

changes at 1.5°C, 2°C and 4°C of global warming for temperature extremes in Australasia, subdivided by AR6 

regions”. The colors used describe the confidence in the statements (scale is provided at the top of the first 

panel). 

 

 



   

 

20 
 

 

 
 



   

 

21 
 

 

 
 



   

 

22 
 

 

 
 

 

 

 

 

 

 

 

 

 



   

 

23 
 

Table 11.11. This tables describes “Observed trends, human contribution to observed trends, and projected 

changes at 1.5°C, 2°C and 4°C of global warming for heavy precipitation in Australasia, subdivided by AR6 

regions”. The colors describe the confidence in the statements (scale is provided at the top of the first panel). 
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Table 11.12. This tables describes “Observed trends, human contribution to observed trends, and projected 

changes at 1.5°C, 2°C and 4°C of global warming for meteorological droughts (MET), agricultural and ecological 

droughts (AGR/ECOL), and hydrological droughts (HYDR) in Australasia, subdivided by AR6 regions”. The 

colors describe the confidence in the statements, split into increasing and decreasing trends (scale is provided 

at the top of the first panel). 
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Section 11.1.4. Effects of Greenhouse Gas and Other External Forcings on Extremes. 

“increases in the intensity of temperature extremes scale robustly, and in general linearly, with global 

warming across different geographical regions in projections up to 2100, with minimal dependence 

on emissions scenarios”.  

 
“Regional mean changes in annual hottest daily maximum temperature (TXx) for Australasia against changes 

in global mean surface air temperature (GSAT) as simulated by Coupled Model Intercomparison Project Phase 

6 (CMIP6) models under different Shared Socio-economic Pathway (SSP) forcing scenarios, SSP1-1.9, SSP1-2.6, 

SSP2-4.5, SSP3-7. 0, and SSP5-8.5. Changes in TXx and GSAT are relative to the 1850–1900 baseline, and 

changes in GSAT are expressed as global warming level.” This panel l shows the “multi-model median for the 

pooled data for Australasia” by sub-region. “Numbers in parentheses indicate the linear scaling between 

regional TXx and GSAT. The black line indicates the 1:1 reference scaling between TXx and GSAT”. Sub-regions: 

Northern Australia (NAU), Central Australia (CAU), Eastern Australia (EAU), Southern Australia (SAU) and New 

Zealand (NZ). [panel l of Figure 11.3 from IPCC WG1 Chapter 11] 

 

 

3.1.2 Chapter 12: Climate Change Information for Regional Impact and for Risk Assessment 

 

Section 12.4.3 Australasia 

 

12.4.3.1 Heat and Cold 

Describing Mean air Temperature: “Mean temperature in Australasia is projected to continue to rise 

through the 21st century (virtually certain) (Atlas.6.4). Projections for Australia indicate that the 

average temperature will increase by +1.1°C (0.84–1.52°C 10–90th percentile range) by 2041–2060 

(mid-century), and by +1.9°C (1.29–2.58°C) by 2081–2100 (end-century), relative to the baseline 

period of 1995–2014, under SSP2-4.5 (Interactive Atlas). For SSP5-8.5, the projected changes are up 

to +1.5°C (1.17–1.96°C) and +3.7°C (2.75–4.91°C) for mid- and end-century respectively. For SSP1-2.6, 

mean temperature is projected to rise by +0.9°C (0.55–1.26°C) and +1.0°C (0.55–1.54°C) relative to 

1995–2014 by mid- and end-century respectively (Interactive Atlas).” 

 

Describing extreme heat: “More frequent hot extremes and heatwaves are expected over the 21st 

century in Australia (virtually certain) (Table 11.10). Heat thresholds potentially affecting agriculture 

and health, such as 35°C or 40°C, are projected to be exceeded more frequently over the 21st century 

in Australia under all RCPs (high confidence). By 2090 under RCP4.5, the average number of days per 

year with maximum temperatures above 35°C is highly spatially variable and is expected to increase 
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by 50–100%, while the number of days per year with maximum temperatures above 40°C is expected 

to increase by 200%, relative to 1985–2005 (CSIRO and BOM, 2015). Under RCP8.5 the corresponding 

projected increases are even greater, with a greater than 100% increase in most of Australia, and far 

greater increases in Central and Northern Australia (up to a 20-fold increase in Darwin).” 

 

“The projected frequency of exceeding dangerous humid heat thresholds is increasing in Australia, 

with a strong increase in Northern Australia for RCP8.5 (high confidence) (Zhao et al., 2015; Mora et 

al., 2017; Brouillet and Joussaume, 2019), consistently across CMIP5, CMIP6 and CORDEX simulations 

(Figure 12.4d–f and Figure 12.SM.2). Using the HI index, by end-century, the average number of days 

exceeding 41°C is projected to increase in NAU by about 100 days and by about 25 days under SSP5-

8.5 and SSP1-2.6, respectively.” 

 

Describing cold spell and frost: “Less frequent cold extremes are virtually certain in Australasia (Table 

11.10) while a decrease of frost days is projected with high confidence for the region. Projections, 

relative to 1986–2005, for the number of frost days per year in Australia indicate declines of 0.9 days 

by mid-century and 1.1 days by end-century for RCP4.5, while for RCP8.5, the projected declines are 

1.0 days and 1.3 days by mid- and end-century respectively (Alexander and Arblaster, 2017; Herold et 

al., 2018).” 

 

Conclusion: “In general, there is high confidence that most heat hazards in Australasia will increase 

and that cold hazards will decrease over the 21st century. The mean temperature in Australasia is 

virtually certain to continue to rise through the 21st century, accompanied by less frequent cold 

extremes (virtually certain) and frost days (high confidence), and more frequent hot extremes 

(virtually certain). Heat stress is projected to increase in Australia (high confidence).” 

 

 

12.4.3.2 Wet and Dry 

Describing mean precipitation: “Annual mean precipitation is projected to increase in Central and 

north-east Australia (low confidence) and in the south and west of New Zealand (medium confidence) 

(Atlas.6.4). Liu et al. (2018a) show that under 1.5°C warming, Central and north-east Australia will 

become wetter.” 

 

Describing river flood: “While median annual runoff is projected to decrease in most of Australia 

(Chiew et al., 2017), consistent with projected decreases in average rainfall (CSIRO and BOM, 2015; 

Alexander and Arblaster, 2017), river floods are projected to increase due to more intense extreme 

rainfall events and associated increase in runoff (medium confidence). Asadieh and Krakauer (2017) 

found a decrease in the value of the 95% percentile of mean streamflow with RCP8.5 by the end of 

the century in all of Australia, except in a small part in centre of the country. In terms of relative 

increases, flooding is expected to increase more in Northern Australia (driven by convective rainfall 

systems) than in Southern Australia (where more intense extreme rainfall may be compensated by 

drier antecedent moisture conditions; Alexander and Arblaster, 2017; Dey et al., 2019) with flood 

frequency increasing in Northern Australia and along parts of the east coast and decreasing in south-

western Western Australia (Hirabayashi et al., 2013). Gu et al. (2020) project larger flood magnitude 

and volumes under both RCP2.6 and RCP8.5 in Northern Australia, and smaller flood magnitudes and 

volumes in Southern Australia under the same RCPs. These findings are in general agreement with the 
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patterns in peak flow, corresponding to the 1-in-100-year return period streamflow, shown in Figure 

12.7a,c for mid-21st century under RCP8.5.” 

 

Describing Heavy precipitation and pluvial flood: “There is high confidence that Rx1day and Rx5day 

precipitation extremes will increase for 2°C or lower warming for the region as a whole, but on a sub-

regional basis there is only medium confidence of increases in NAU and CAU and low confidence of 

increases on EAU, SAU and NZ. For warming levels exceeding 2°C, these extremes are very likely to 

increase in NAU and CAU and they are likely to increase elsewhere in the region (Section 11.9).” 

 

Describing aridity: “Aridity is projected to increase, especially during winter and spring, with medium 

confidence in SAU but with high confidence in south-west Western Australia (Table 11.11 and 

Atlas.6.4). In EAU […], aridity is projected to increase with medium confidence […].  Although there is 

only low confidence in the projected decrease of mean annual precipitation in south-western and 

eastern Australia […], there is high confidence of reduced winter and spring precipitation in Australia 

in future, mostly in south-western and eastern Australia (Atlas.6.4). Liu et al. (2018b) show that under 

2°C warming, most of Australia is projected to become drier based on the Palmer Drought Severity 

Index (PDSI), with the exception of the tropical north-east. Ferguson et al. (2018) project that between 

1976–2005 and 2070–2099, winters will become drier (mainly in Southern Australia) under RCP8.5.” 

 

Describing hydrological drought: “Future projections indicate medium confidence in further 

hydrological drought increases for Southern Australia for warming levels of 2°C or higher (Section 

11.9). Mean annual runoff in far south-east and far south-west Australia are projected to decline by 

median values of 20 and 50% respectively, by mid-century under RCP8.5 (Chiew et al., 2017). 

Prudhomme et al. (2014) assess changes in the Drought Index (DI), defined as areal runoff less than 

the 10th percentile over the reference period 1976–2005, and project DI increases for both Australia 

and New Zealand by 10–20% by 2070–2099 under RCP8.5, with the greatest effects being in the 

southern parts of the Australian continent. These projections are consistent with the trends shown in 

Figure 12.4g–i (Figure 12.SM.3). The SPI drought frequency is projected to increase in SAU and 

particularly in south-west Western Australia by mid-century, while by the end of the century SPI 

drought frequency is projected to increase all over Australia, and particularly strongly in south-west 

Western Australia as well as southern Victoria (see Figure 12.4g–i). For the Murray–Darling basin, 

Ferguson et al. (2018) project effectively no change (–1%) in mean precipitation, a 27% decrease in P–

E, and 30% increase in runoff in 2070–2099 relative to 1976–2005 with RCP8.5.” 

 

Describing agricultural and ecological drought: “Future evaporative demand is projected to lead to 

medium confidence increases in agricultural and ecological droughts for 2°C of global warming in SAU 

and EAU and low confidence for changes in CAU, NAU and NZ, although there is medium confidence 

of increases in CAU with 4°C of global warming (Section 11.9). There is medium confidence for more 

time in agricultural and ecological drought in SAU by mid-21st century (Coppola et al., 2021b) as well 

as by the end of the 21st century (Herold et al., 2018). […] There is consensus among the different 

model ensembles (CORDEX-CORE, CMIP5 and CMIP6) that the drought frequency (DF), one of several 

proxies for agricultural and ecological drought, will increase in all four Australian regions for both mid-

century (NAU 0.2–2 DF increase, CAU 0.5–2 DF increase, SAU 1–3 DF increase and EAU 0.8–3 DF 

increase) and end-century (0.8–2.7 DF increase for NAU, 1.2–2 DF increase for CAU, 2.2–3.8 for SAU 
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and 0.2–3 for EAU) for both RCP8.5 and SSP5-8.5, with CMIP6 showing the lowest increase (Figure 

12.4g–l and Figure 12.SM.4; Coppola et al., 2021b).” 

 

Describing fire weather: “Fire weather indices are projected to increase in most of Australia (high 

confidence) and many parts of New Zealand (medium confidence), in particular with respect to 

extreme fire and induced pyroconvection (Dowdy et al., 2019b). Increasing mean temperature, cool 

season rainfall decline, and changes in tropical climate variability all contribute to a future increase in 

extreme fire risk in Australia (Abram et al., 2021). Projections indicate that the annual cumulative FFDI 

will increase by 31–33% in Southern and Eastern Australia, and by 17–25% in Northern Australia and 

the Rangelands by 2090 (relative to 1995) under RCP8.5 (CSIRO and BOM, 2015). Using a CMIP5 

ensemble of 17 models, Abatzoglou et al. (2019) found a statistically significant positive trend for fire 

weather intensity and fire season length for future mid-century conditions under RCP8.5, including a 

detectable anthropogenic influence on fire risk magnitude and fire season length by 2040 in Western 

Australia and along the Queensland coastline. Using the C-Haines and FFDI indices with A2 and RCP8.5 

respectively, Di Virgilio et al. (2019) and Clarke et al. (2019) have shown that extreme fire weather 

frequency will increase in south-eastern Australia by the end of the 21st century. Most of these 

projections indicate that the biggest increases in fire weather conditions will be in late spring, 

effectively resulting in longer (stronger) fire seasons in areas where spring is the shoulder (peak) 

season.” 

 

In summary: “Annual mean precipitation is projected to increase in Central and north-east Australia 

(low confidence) […] while it is projected to decrease in Southern Australia (medium confidence), 

albeit with high confidence in south-west Western Australia, in Eastern Australia (medium confidence) 

[…]. Heavy precipitation and pluvial flooding are projected to increase with medium confidence in 

Northern Australia and Central Australia. There is medium confidence that river flooding will increase 

in […] Australia, with higher increases in Northern Australia. Aridity is projected to increase with 

medium confidence in Southern Australia (high confidence in south-west Western Australia), Eastern 

Australia (medium confidence) [..]. Hydrological droughts are projected to increase in Southern 

Australia (medium confidence), while agricultural and ecological droughts are projected to increase 

with medium confidence in Southern Australia and Eastern Australia. Fire weather is projected to 

increase throughout Australia (high confidence) […].” 

 

12.4.3.4 Snow and Ice 

Describing snow: “Projections for Southern Australia […] show a continuing reduction in snowfall 

during the 21st century (high confidence). The magnitude of decrease varies with the altitude of the 

region and the emissions scenario. At elevations lower than 1500 m, years without snowfall are 

projected from 2030 in some models. By 2090, and under RCP8.5, such years are projected to become 

common (CSIRO and BOM, 2015).” 

 

12.4.3.5 Coastal and Oceanic 

Describing relative sea level rise: “Relative sea level is virtually certain to increase throughout the 

region over the 21st century (Section 9.6.3, Figure 9.28). Regional mean RSLR projections for the 

oceans around Australasia range from 0.4–0.5 m under SSP1-2.6 to 0.7–0.9 m under SSP5-8.5 for 

2081–2100 relative to 1995–2014 (median values), which means local RSL change falls within the 
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range of mean projected GMSL change (Section 9.6.3.1). However these RSLR projections may be 

underestimated due to potential partial representation of land subsidence (Section 9.6.3.2).” 

 

Describing coastal floods: “Extreme total water level magnitude and occurrence frequency are 

expected to increase throughout the region (high confidence) (Figure 12.4p–r and Figure 12.SM.6). 

Across the region, the 5–95th percentile range of the 1-in-100-year ETWL is projected increase 

(relative to 1980–2014) by 5–35 cm and by 10–40 cm by 2050 under RCP4.5 and RCP8.5 respectively 

(Figure 12.4q). By 2100 (Figure 12.4p,r), this range is projected to be 25–80 cm and 50–190 cm under 

RCP4.5 and RCP8.5 respectively (Vousdoukas et al., 2018; Kirezci et al., 2020). Furthermore, the 

present-day 1-in-100-year ETWL is projected to have median return periods of around 1-in-20-years 

by 2050 and 1-in-1-year by 2100 in SAU and NZ and return periods of around 1-in-50-years by 2050 

and 1-in-20-years by 2100 in NAU under RCP4.5 (Vousdoukas et al., 2018), while the present-day 1-in-

50-year ETWL is projected to occur around three times a year by 2100 with a SLR of 1 m around 

Australasia (Vitousek et al., 2017).” 

 

Describing coastal erosion: “Projections indicate that a majority of sandy coasts in the region will 

experience shoreline retreat, throughout the 21st century (high confidence) (Figure 12.7b,d). Median 

shoreline change projections (CMIP5) under both RCP4.5 and RCP8.5 presented by Vousdoukas et al. 

(2020b) show that, by mid-century, sandy shorelines will retreat (relative to 2010) by between 50 and 

80 m all around Australasia, except in SAU and NZ where the projected retreat (relative to 2010) is 

between 35 and 50 m. By 2100, median shoreline retreats exceeding 100 m (relative to 2010) are 

projected along the sandy coasts of NAU (about 150 m), CAU (about 160 m), and EAU (about 110 m) 

under RCP4.5m, while projections for SAU […] are around 80–90 m. Under RCP8.5, shoreline retreat 

exceeding 100 m is projected all around the region by 2100 (relative to 2010) with retreats as high as 

220 m in NAU and CAU (about 170 m in EAU and about 130 m in SAU and NZ; Figure 12.7b,d). The 

total length of sandy coasts in Australasia that is projected to retreat by more than a median of 100 m 

by 2100 under RCP4.5 and RCP8.5 is about 12,500 and 16,000 km respectively, an increase of 

approximately 30%.” 

“Distinct from long-term coastline recession, storms and storm surges also result in episodic coastal 

erosion. In general, the historically measured maximum episodic coastal erosion (either eroded 

volume or coastline retreat distance) or that due to a 1-in-100-year return period storm wave height 

is used as a design criterion for coastal zone management and planning in Australia (Wainwright et al., 

2014; Mortlock et al., 2017).” 

“While there is wide recognition in Australia that the combined effect of SLR, changing storm surge 

and wave climates will directly affect future episodic coastal erosion (McInnes et al., 2016; 

Ranasinghe, 2016; Harley et al., 2017) only a few projections of how this hazard may evolve are 

available for Australia. In one such study, Jongejan et al. (2016) provide projections of how the full 

exceedance probability curve of the maximum erosion per year may evolve over the 21st century (due 

to the combined action of SLR, storm surge and storm waves). Their results show that, for example, 

the 0.01 exceedance probability maximum coastline retreat in 2025 will have an exceedance 

probability of 0.015 by 2050 and 0.07 by 2100.” 

 

Describing marine heatwaves: “There is high confidence that MHWs will increase around most of 

Australasia. Under RCP4.5 and RCP8.5 respectively, mean SST is projected to increase by 1°C and 2°C 

around Australia by 2100, with a hotspot of around 2°C for RCP4.5 and of 4°C for RCP8.5 along the 
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south-east coast between Sydney and Tasmania (Interactive Atlas). Under all RCPs, the mean SST 

around Australia is expected to increase in the future, with median values of around 0.4°C–1.0°C by 

2030 under RCP4.5, and 2°C–4°C by 2090 under RCP8.5 (CSIRO and BOM, 2015). Warming is expected 

to be largest along the north-west coast of Australia, southern Western Australia, and along the east 

coast of Tasmania (CSIRO and BOM, 2018). More frequent, extensive, intense and longer lasting 

MHWs are projected around Australia and New Zealand for GWLs of 1.5°C, 2°C and 3.5°C relative to 

the modelled reference value for 1861–1880 (Frölicher et al., 2018). Projections for SSP1-2.6 and SSP5-

8.5 both show an increase in MHWs around Australasia by 2081–2100, relative to 1985–2014 (Box 9.2, 

Figure 1).” 

 

In summary: “In general, there is high confidence that most coastal/ocean-related hazards in 

Australasia will increase over the 21st century. Relative sea level rise is virtually certain to continue in 

the oceans around Australasia, contributing to increased coastal flooding in low-lying areas (high 

confidence) and shoreline retreat along most sandy coasts (high confidence). Marine heatwaves are 

also expected to increase around the region over the 21st century (high confidence).” 

 

Figure 12.7. This figure 12.7 illustrates “projected changes in two selected climatic impact-driver indices for 

Australasia”. We only reproduce here below the top two panels: “(a) Mean change in 1-in-100-year river 

discharge per unit catchment area (Q100, m3s–1km–2) from CORDEX-Australasia models for 2041–2060 relative 

to 1995–2014 for RCP8.5. (b) Shoreline position change along sandy coasts by the year 2100 relative to 2010 

for RCP8.5 (metres; negative values indicate shoreline retreat) from the CMIP5-based dataset presented 

by Vousdoukas et al. (2020b).” 

 

 
 

 

 

 

 

 

 

 

 

 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-12/#Vousdoukas--2020b
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3.1.3 Interactive Atlas: Regional information (advanced) 

 

We reproduce in this section projections of key climate variables for Australia, as provided in the 

Working Group 1 Interactive Atlas, for two warming levels and their associated emission pathways: 

• Warming of 3°C under SSP3-7.0 

• Warming of 4°C under SSP5-8.5  

 

Each map shows the percentage change in the chosen variable relative to the pre-industrial average 

(1850-1900), with projections provided from the Coupled Model Intercomparison Project 6 (CMIP6) 

modelling experiments. The Interactive Atlas (regional information – advanced) can be further queried 

here. 

 

The text panel at the bottom of each figure provides metadata regarding: (i) the variable displayed, 

(ii) the warming scenario, (iii) the model(s) used, (iv) the timescale examined (annual in all cases), (v) 

the number of model simulations (outputs) that have been averaged to produce the map shown. No 

stippling indicates a high agreement between the distinct model simulations; stippling indicates a low 

agreement between the simulations. The occurrence of stippled areas of the maps therefore indicates 

areas for which we are more uncertain about the projected change for that specific variable and 

warming level. We note that stippling only occurs over and around Australia for the river flood and 

drought indicator, highlighting the strong agreement among climate projections with different Earth 

system models for all other variables considered: heat, marine heatwaves, coastal flooding and ocean 

acidification. 

 

Each climate indicator is further defined in Annex VI of WG1. 

 

We always display the 3°C warming scenario (top panel), then the 4°C warming scenario (bottom 

panel). 

 

  

https://interactive-atlas.ipcc.ch/regional-information#
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Heat indicator: Maximum of maximum temperatures (TXx, as defined in Annex VI of WG1) 

TXx is the annual maximum of daily maximum temperature, in degrees Celsius. 
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River flood indicator: Maximum 1-day precipitation (RX1day) 

RX1day is the annual maximum 1-day precipitation amount in mm. 
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Drought indicator: Standardized Precipitation Index (SPI-6). 

SPI-6 is an index that compares cumulated precipitation for 6 months with the long-term precipitation 

distribution for the same location and cumulation period. It does not have a unit. 
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Marine heatwave indicator: Sea Surface Temperature (SST). 

SSTs is the temperature of the sea at surface level, in units of degrees Celsius. 
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Coastal flood indicator: Sea level rise (SLR). 

SLR is total sea level rise, in meters above sea level. 
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Ocean acidification indicator: pH at surface (pH). 

pH is the pH at the surface of the ocean, pH units. 
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3.2 Working Group 2 contribution to the Sixth Assessment Report (AR6) 
 

3.2.1 Chapter 2: Terrestrial and freshwater ecosystems and their services 

 

Executive summary: “Biodiversity loss is projected for more regions with increasing warming, and will 

be worst in northern South America, southern Africa, most of Australia and at northern high latitudes 

(medium confidence) {2.5.1.3; Figure 2.6}.” (own emphasis) 

 

2.3.1 Observed Changes to Hazards and Extreme Events: “While the major climate hazards at the 

global level are generally well described with high confidence, there is less understanding about the 

importance of hazards on ecosystems when they are superimposed […] and the outcomes are difficult 

to quantify in future projections (Handmer et al., 2012). Simultaneous or sequential events (coincident 

or compounding events) can lead to an extreme event or impact, even if each event is not in 

themselves extreme (Denny et al., 2009; Hinojosa et al., 2019). […] On land, changing rainfall patterns 

and repeated heat waves may interact with biological factors such as altered plant growth and 

nutrient allocation under elevated CO2, affecting herbivore rates and insect outbreaks leading to the 

widespread dieback of some forests (e.g., in Australian eucalypt forests) (Gherlenda et al., 2016; 

Hoffmann et al., 2019a).” 

 

2.5.1.3.3 Global projections of extinction risk: “About one-third of land area risks more than 50% of 

species becoming “endangered” by 4.0° GSAT warming (Figure 2.6). […]  Species’ losses are projected 

to be worst in northern South America, southern Africa, most of Australia and at northern high 

latitudes (medium confidence) (Figure 2.6).” 

 

2.5.2.3 Risk to Arid Regions: “Warm season (C4) grass expansion into arid shrublands risks sudden 

ecosystem transformation due to introduced wildfire (Bradley et al., 2016), a risk anticipated for grass-

invaded desert ecosystems of Australia and the southwestern USA (Horn and St. Clair, 2017).” 

 

2.5.2.6 Risk to Tropical Forests: “[sea level rise] as the result of climate change is likely to influence 

mangroves in all regions, with greater impact on North and Central America, Asia, Australia and East 

Africa than on West Africa and South America (robust evidence, high agreement).” 

 

2.5.3.2.2 Future projections of wildfire in high-risk areas: “Regions identified by multiple global 

analyses as being at a high risk of increased burned area, fire frequency and fire weather include: […] 

Western Australia (Gonzalez et al., 2010; Burton et al., 2018; Abatzoglou et al., 2019) […]. Higher-

resolution spatial projections indicate high risks of increased wildfire in the Amazon, Australia, boreal 

ecosystems, Mediterranean Europe and the USA with climate change (medium evidence, medium 

agreement).” 

 

2.5.3.2.2 Future projections of wildfire in high-risk areas: “In Australia, climate change under RCP8.5 

increases the risk of pyro-convective fire by 20–40 days in rangelands of Western Australia, South 

Australia and the Northern Territory (Dowdy et al., 2019). Pyro-convective fire conditions could reach 

more frequently into the more populated areas of New South Wales, particularly at the start of the 

austral summer (Di Virgilio et al., 2019). […] Increases in heat and potential increases in wildfire 
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threaten the existence of temperature montane rainforest in Tasmania, Australia (Mariani et al., 

2019).” 

 

 

3.2.2 Chapter 4: Water 

 

4.4.5 Projected Changes in Droughts: “Agricultural drought likelihood also increases by 100–250% at 

4°C global warming in southwestern North America, southwest Africa, southern Asia and Australia.” 

“[…] On the other hand, van Vliet et al. (2016b) projected an increase in global hydropower production 

between +2.4% to +6.3% under RCP4.5 and RCP8.5, respectively, by the 2080s, as compared to a 

baseline period of 1971–2000, but with significant regional variations (high confidence).” 

  

4.5.2 Projected Risks to Energy and Industrial Water Use: “[…] On the other hand, southern Europe, 

northern Africa, southern USA and parts of South America, southern Africa and southern Australia are 

projected to experience more than 20% decreases in gross hydropower potential.” 

 

4.5.8 Projected Risks to the Cultural Water Uses of Indigenous Peoples, Local Communities and 

Traditional Peoples: “In Australia, Yuibera and Koinmerburra Traditional Owners fear the saltwater 

inundation of culturally significant sites and waterholes (Lyons et al., 2019).” 

 

 

3.2.3 Chapter 5: Food, Fibre and Other Ecosystem Products 

 

5.10.3 Projected Impacts: “In the Western Australian wheat belt, Thamo (2017) assessed climate-

change-induced shifts in farm profitability to the 2050s. For most options, the adverse effects on 

profitability were greater than the advantageous effects, profit margins being much more sensitive to 

climate change than production levels.” 

 

 

3.2.4 Chapter 11: Australia 

 

Executive summary - Projected impacts and key risks: “Further climate change is inevitable, with the 

rate and magnitude largely dependent on the emission pathway (very high confidence). Ongoing 

warming is projected, with more hot days and fewer cold days (very high confidence). Further sea 

level rise (SLR), ocean warming and ocean acidification are projected (very high confidence). Less 

winter and spring rainfall is projected in southern Australia, with more winter rainfall in Tasmania, less 

autumn rainfall in southwestern Victoria and less summer rainfall in western Tasmania (medium 

confidence), with uncertain rainfall changes in northern Australia. More extreme fire weather is 

projected in southern and eastern Australia (high confidence) […]. Increased drought frequency is 

projected for southern and eastern Australia and northern New Zealand (medium confidence). 

Increased heavy rainfall intensity is projected, with fewer tropical cyclones and a greater proportion 

of severe cyclones (medium confidence). {11.2.2, Table 11.3, Box 11.6}” 

“Climate risks are projected to increase for a wide range of systems, sectors and communities, which 

are exacerbated by underlying vulnerabilities and exposures (high confidence) {11.3; 11.4}. Nine key 
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risks have been identified, based on magnitude, likelihood, timing and adaptive capacity {11.6, Table 

11.14}” 

 

Table 11.3a below provides “projected climate change for Australia. Projections are given for different RCPs 

(RCP2.6 is low, RCP4.5 is medium, RCP8.5 is high) and years (e.g., 20-year period centred on 2090). Uncertainty 

ranges are generally 10th–90th percentile, and median projections are given in square brackets where 

possible. The four Australian regions are shown in Chapter 2 of (CSIRO and BOM, 2015). Preliminary 

projections based on CMIP6 models are included for some climate variables from the IPCC (2021) WGI report.” 

  



   

 

44 
 

 
 

Table 11.5 describes a “selection of projected climate-change impacts on terrestrial and freshwater 

ecosystems and species in Australia”. 
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11.3.1.2 Projected Impacts: “In southern Australia, some forest ecosystems (alpine ash, snow gum 

woodland, pencil pine, northern jarrah) are projected to transition to a new state or collapse due to 

hotter and drier conditions with more fires (high confidence) (Table 11.5). In Australia, most native 

eucalyptus forest plants have a range of traits that enable them to persist with recurrent fire through 
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recovery buds (sprouters) or regenerate through seeding (Collins, 2020), affording them a high level 

of resilience. For high-end projected 2060–2080 fire weather conditions in southeast Australia (Clarke 

and Evans, 2019), stand-killing wildfires could occur at a severity and frequency greater than the 

regenerative capacity of seeders (Enright et al., 2015; Clarke and Evans, 2019).[…] A loss of alpine 

biodiversity in the southeast Australian Alps bioregion is projected in the near-term as a result of less 

snow on snow patch feldmark and short alpine herb fields as well as increased stress on snow 

dependent plant and animal species (high confidence) (Table 11.3, Table 11.5). In Australia, invasive 

plants’ and weeds’ response rates are expected to be faster than for native species, and climate 

change could foster the appearance of a new set of weed species, with many bioregions facing 

increased impacts from non-native plants.” 

 

11.3.1 Terrestrial and Freshwater Ecosystems - Box 11.1. Escalating Impacts and Risks of Wildfire: 

This box describes how fire activity has been increasing in Australia and discusses future projections: 

“Fire weather is projected to increase in frequency, severity and duration for southern and eastern 

Australia (high confidence) […] (11.2.2), with projected increases in pyro-convection risk for parts of 

southern Australia (Dowdy et al., 2019) and increased dry-lightning and fire ignition for southeast 

Australia (Mariani et al., 2019; Dowdy, 2020). Increased fire risk in spring may reduce opportunities 

for prescribed fuel-reduction burning in some regions (Harris and Lucas, 2019; Di Virgilio et al., 2020). 

Fuel dryness is a key constraint on wildfire occurrence (Ruthrof et al., 2016). Vegetation change will 

affect fuel load and fire risk in different areas in complex ways (Watt et al., 2019; Alexandra and Max 

Finlayson, 2020; Clarke et al., 2020; Sanderson and Fisher, 2020).” 

 

11.3.2 Coastal and Ocean Ecosystems - 11.3.2.2 Projected Impacts: “Future ocean warming, coupled 

with periodic extreme heat events, is projected to lead to the continued loss of ecosystem services 

and ecological functions (high confidence) (Smale et al., 2019) as species further shift their 

distributions and/or decline in abundance (Day et al., 2018). Compounding climate-driven changes in 

the distribution of habitat-forming species, invasive macroalgae are predicted to exhibit higher growth 

under all higher pCO2 and lower pH conditions (Roth-Schulze et al., 2018). Corals and mangroves 

around northern Australia and kelp and seagrass around southern Australia are of critical importance 

for ecosystem structure and function, fishery productivity, coastal protection and carbon 

sequestration; these ecosystem services are therefore extremely likely to decline with continued 

warming. […] Climate-change-related temperature and acidification may affect species sex ratios and, 

thus, population viability (medium confidence) (Table 11.3) (Law et al., 2016; Tait et al., 2016; 

Mikaloff-Fletcher et al., 2017). Acidification may alter sex determination (e.g., in the oyster Saccostrea 

glomerate), resulting in changes in sex ratios (Parker et al., 2018), and may thus affect reproductive 

success (low confidence). Decreasing river flows (Chiew et al., 2017) are projected to cause 

periodically open estuaries across southwest Australia to remain closed for longer periods, inhibiting 

the extent to which marine taxa can access these systems (Hallett et al., 2017) and with warming 

predicted to constrain activity in some large fish (Scott et al., 2019b). Major knowledge gaps include 

environmental tolerances of key life stages, sources of recruitment, population linkages, critical 

ecological (e.g., predator–prey interactions) or phenological relationships and projected responses to 

lowered pH (Fleming et al., 2014; Fogarty et al., 2019).” 
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11.3.2 Coastal and Ocean Ecosystems - Box 11.2. The Great Barrier Reef in Crisis: This box describes 

the impacts of climate changes on the Great Barrier Reef and particularly how it induces coral 

bleaching: “Bleaching is expected to continue for the [Great Barrier Reef] and Australia’s other coral 

reef systems (virtually certain). Bleaching conditions are projected to occur twice each decade from 

2035, annually after 2044 under RCP8.5 and annually after 2051 under RCP4.5 (Heron et al., 2017). 

Global warming of 3°C would result in over six times the 2016 level of thermal stress (Lough et al., 

2018). Increases in cyclone intensity projected for this century, and other extreme weather events, 

will greatly accelerate coral reef degradation (Osborne et al., 2017). Additionally, through interactions 

between elevated ocean temperature and coastal runoff (nutrient and sediment), extreme weather 

events may contribute to an increased frequency and/or amplitude of crown-of-thorns starfish 

outbreaks (Uthicke et al., 2015), further reducing the spatial distribution of coral.” 

 

11.3.3 Freshwater Resources - 11.3.3.2. Projected Impacts: This section discusses how climate change 

impacts freshwater resources, with projections described: “Projections indicate that future runoff in 

southeast and southwest Australia are likely to decline (median estimates of 20% and 50% respectively 

under 2.2°C global average warming) […] The runoff decline in southern Australia is projected to be 

further accentuated by higher temperature and potential evapotranspiration (Potter and Chiew, 2011; 

Chiew et al., 2014), transpiration from tree regrowth following more frequent and severe wildfires 

(Brookhouse et al., 2013) (Box 11.1), interceptions from farm dams (Fowler et al., 2015) and reduced 

surface–groundwater connectivity (limiting groundwater discharge to rivers) in long dry spells (high 

confidence) (Petrone et al., 2010; Hughes et al., 2012; Chiew et al., 2014). In the longer term, runoff 

will also be affected by changes in vegetation and surface–atmosphere feedback in a warmer and 

higher CO2 environment, but the impact is uncertain because of the complex interactions, including 

changes in climate inputs, fire patterns (Box 11.1) and nutrient availability (Raupach et al., 2013; 

Ukkola et al., 2016; Cheng et al., 2017).” 

 

“Climate change is projected to affect groundwater recharge and the relationship between surface 

waters and aquifers and through rising sea levels where groundwater has a tidal signature (PCE, 2015; 

MfE, 2017a). Groundwater recharge across southern Australia has decreased in recent decades (Fu et 

al., 2019), and this trend is expected to continue (high confidence) (Barron et al., 2011; Crosbie et al., 

2013). Climate change is also projected to impact water quality in rivers and water bodies, particularly 

through higher temperature and low flows (Jöhnk et al., 2008) (Box 11.5) and increased sediment and 

nutrient load following wildfires (high confidence) (Biswas et al., 2021) (Box 11.1) and floods (Box 

11.4).” 

 

Box 11.3. Drought, Climate Change and Water Reform in the Murray-Darling Basin: This box 

describes the Murray-Darling Basin (MDB), Australia’s largest and key river system economically and 

politically. Projections indicate that: “Climate change is projected to substantially reduce water 

resources in the MDB (high confidence), with the median projection indicating a 20% decline in 

average annual runoff under 2.2°C average global warming (Figure 11.3) (Whetton and Chiew, 2020). 

This reduction, plus increased demand for water in hot and dry conditions, would increase the already 

intense competition for water (high confidence) (CSIRO, 2008; Hart, 2016).” 

 

Box 11.4. Changing Flood Risk: “Extreme rainfall is projected to become more intense (high 

confidence), but the magnitude of change is uncertain (Evans and McCabe, 2013; Bao et al., 2017) 
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(Table 11.3) […]. Modelling studies project increases in flood magnitudes in northern and eastern 

Australia and in western and northern New Zealand (high confidence) (Hirabayashi et al., 2013; Collins 

et al., 2018a; Do et al., 2020). The change in flood magnitude in southern Australia is uncertain 

because of the compensating effect of more intense extreme rainfall versus projected drier 

antecedent conditions (Johnson et al., 2016; Pedruco et al., 2018; Wasko and Nathan, 2019” & 

“Australian flood estimation guidelines recommend a 5% increase in design rainfall intensity per 

degree global average warming (Bates et al., 2015).” 

 

11.3.4 Food, Fibre, Ecosystem Products - 11.3.4.1.2 Projected impacts: “Australian crop yields are 

projected to decline due to hotter and drier conditions, including intense heat spikes (high confidence) 

(Anwar et al., 2015; Lobell et al., 2015; Prokopy et al., 2015; Dreccer et al., 2018; Nuttall et al., 2018; 

Wang et al., 2018a). Interactions of heat and drought could lead to even greater losses than heat alone 

(Sadras and Dreccer, 2015; Hunt et al., 2018). Australian wheat yields are projected to decline by 2050, 

with a median yield decline of up to 30% in southwest Australia and up to 15% in southern Australia, 

with possible increases and decreases in the east (Taylor et al., 2018; Wang et al., 2018a). In temperate 

fruit, accumulated winter chill for horticulture is projected to further decline (Darbyshire et al., 2016). 

Winegrape maturity is projected to occur earlier due to warmer temperatures (high confidence) 

(Webb et al., 2014; van Leeuwen and Darriet, 2016; Jarvis et al., 2018; Ausseil et al., 2019b), leading 

to potential changes in wine style (Bonada et al., 2015). Rice is susceptible to heat stress, and average 

grain yield losses across rice varieties range from 83% to 53% in experimental trials when heat stress 

is applied during plant emergence and grain fill stages (Ali et al., 2019). In Tasmania, wheat yields are 

projected to increase, particularly at sites presently temperature-limited (Phelan et al., 2014).” 

 

11.3.4.2 Livestock – 11.3.4.2.2. Projected Impacts: “In Australia, the average number of moderate to 

severe heat stress days for livestock is projected to increase 12–15 d by 2025 and 31–42 d by 2050 

compared to 1970–2000 (Nidumolu et al., 2014).” 

 

11.3.4.3 Forestry - 11.3.4.3.2 Projected impacts: “The projected declines in rainfall in far southwest 

and far southeast mainland Australia are projected to reduce plantation forest yields (high 

confidence). Warmer temperatures are projected to reduce forest growth in hotter regions (between 

7 and 25%), especially where species are grown at the upper range of their temperature tolerances, 

and increase plantation forest growth (>15%) in cooler margins like Tasmania and the Victorian 

highlands (2030, A2); emission scenario A2 creates a warming trajectory slightly higher than the 

RCP6.0 warming scenario, but less than RCP8.5 (Rogelj et al., 2012; Battaglia and Bruce, 2017). 

Elevated CO2 is projected to increase forest growth if other biophysical factors are not limiting 

(medium confidence) (Quentin et al., 2015; Duan et al., 2018). Forestry plantations are projected to 

be negatively impacted from increases in fire weather (Box 11.1), particularly in southern Australia 

(high confidence) (Pinkard et al., 2014). Increased pest damage due to temperature increases may 

reduce eucalyptus and pine plantation growth by as much as 40% in some Australian environments 

by 2050 (Pinkard et al., 2014). Increased heat and water stress may enhance insect pest defoliation 

for P. radiata in Australia (e.g., Sirex noctilio, Ips grandicollis and Essigella californica) (Mead, 2013; 

Pinkard et al., 2014).” 

 

11.3.5 Cities, Settlements and Infrastructure- 11.3.5.2 Projected impacts: “Changes in heat waves, 

droughts, fire weather, heavy rainfall, storms and sea level rise (SLR) are projected to increase negative 
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impacts for cities, settlements and infrastructure (high confidence) (Table 11.3a, Table 11.3b; Box 

11.1, Box 11.3, Box 11.4). Increased floods, coastal inundation (assuming a sea level rise (SLR) of 1.6 

m by 2100), wildfires, windstorms and heatwaves may cause property damage in Australia estimated 

at AUD$91 billion per year by 2050 and AUD$117 billion per year by 2100 for RCP8.5, while damage 

related loss of property value is estimated at AUD$611 billion by 2050 and AUD$770 billion by 2100 

for RCP8.5 (Steffen et al., 2019). […] For a 1.1-m sea level rise (SLR), the value of exposed assets in 

Australia would be AUD$164–226 billion (Box 11.6). These exposure estimates exclude impacts on 

personal livelihood, well-being and lifestyle. Extreme heat risks are projected to exacerbate existing 

heat-related impacts on human health, vegetation and infrastructure (Tapper et al., 2014; Tapper, 

2021) (11.3.6). In Australia, the annual frequency of days over 35°C is projected to increase 20–70% 

by 2030 (RCP4.5), and 25–85% (RCP2.6) to 80–350% (RCP8.5) by 2090 (Table 11.3a). For example, 

Perth may average 36 d over 35°C by 2030 (RCP4.5). […] Unprecedented extreme temperatures, as 

high as 50°C in Sydney or Melbourne, could occur with global warming of 2.0°C (Lewis et al., 2017). 

Heat-related costs for Melbourne during 2012–2051 are estimated at AUD$1.9 billion, of which 

AUD$1.6 billion is human health/mortality costs (AECOM, 2012). Extreme heat is threatening 

liveability in some rural areas in Australia (Turton, 2017), particularly given their reliance on outside 

physical work and older populations. corrosion rates are projected to increase significantly at coastal 

locations but decrease inland (Trivedi et al., 2014). A drier climate may decrease the rate of 

deterioration of road pavements, but extreme rainfall events and heat pose a significant risk (Taylor 

and Philp, 2015), especially to unsealed roads in northern Australia (CoA, 2015). Critical infrastructure 

on coasts is at risk from sea level rise (SLR) and storm surges (Box 11.6). Facilities such as hospitals 

face weather-related hazards exacerbated by climate change and not originally anticipated in building 

and infrastructure design (Loosemore et al., 2011; Loosemore et al., 2014). By 2050, increased risks 

are projected for the availability and quality of potable water supplies, delivery of wastewater and 

stormwater services to communities, transport systems, electricity infrastructure, operating municipal 

landfills and contaminated sites located near rivers and the coast (Gilpin et al., 2020; MfE, 2020a; 

Hughes et al., 2021). These then create risks to social cohesion and community well-being from 

displacement of individuals, families and communities, with inequitable outcomes for vulnerable 

groups (Boston and Lawrence, 2018).” 
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Table Box 11.6.2. This tables provides “observed relative sea-level rise with uncertainty range (standard 

deviation) and projected impacts on infrastructure and population of 1.1 m in Australia”.  

 
 

11.3.6 Health and Well-being - 11.3.6.2 Projected impacts: “Climate change is projected to have 

detrimental effects on human health due to heat stress, changing rainfall patterns including floods 

and drought climate-sensitive air pollution (including that caused by wildfires) (high confidence) and 

vector-borne diseases (medium confidence). Vulnerability to detrimental effects of climate change 

will vary with socioeconomic conditions (high confidence).” 

 

“The greatest number of people affected by compounding effects of heat, wildfires and poor air 

quality will be in urban and peri-urban areas of Australia. By 2100 the proportion of all deaths 

attributable to heat in Melbourne, Sydney and Brisbane may rise from about 0.5% to 0.8% (under RCP 

2.6), or 3.2% (under RCP 8.5) (Gasparrini et al., 2017). Heatwave related excess deaths in Melbourne, 

Sydney and Brisbane are projected to increase to 300/year (RCP2.6) or 600/year (RCP8.5) during 

2031–2080 relative to 142/year during 1971–2020, assuming no adaptation and high population 

growth (Guo et al., 2018). High temperatures amplify the risks due to local air pollution: without 

adaptation, ozone-related deaths in Sydney may increase by 50–60/year by 2070 (Physick et al., 

2014).” 

 

“Unless there is more effective control of nutrient runoff, bacterial contamination of drinking water 

supplies is projected to increase due to more intense rainfall events, exacerbating risks to human 
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health (Gilpin et al., 2020; Lai et al., 2020), and higher temperatures will increase freshwater toxic 

blooms (Hamilton et al., 2016).” 

 

“In general, the area of Australia suitable for the transmission of dengue is projected to increase 

(Zhang and Beggs, 2018; Messina et al., 2019), but estimates of local disease risk vary considerably 

according to climate change scenario and socioeconomic pathways (Williams et al., 2016). The spread 

of Wolbachia among Aedes mosquitoes in northern Australia has already reduced dengue 

transmission and may decrease the influence of climate in the future (Ryan et al., 2019).” 

 

11.3.7 Tourism - 11.3.7.2 Projected Impacts: “Widespread impacts from projected climate change are 

very likely across the tourism sector. The World Heritage listed Kakadu National Park in Australia is 

projected to experience increasing severity of cyclones (Turton, 2014), and sea level rise (SLR) is 

projected to affect freshwater wetlands (11.3.1.2; Table 11.5) (McInnes et al., 2015) and Indigenous 

rock art (Higham et al., 2016; Hughes et al., 2018a). The projected increase in the number of hot days 

in northern and inland Australia may impact the attractiveness of the region for tourists (Amelung and 

Nicholls, 2014; Webb and Hennessy, 2015). Coastal erosion and flooding of Australasian beaches due 

to sea level rise (SLR) and intensifying storm activity are estimated to increase by 60% on the Sunshine 

Coast by 2030, causing significant damage to tourist-related infrastructure (Hughes et al., 2018a). […] 

Snow skiing faces significant challenges from climate change (high confidence). In Australia, the annual 

maximum snow depth is estimated to decrease from current levels by 15% (2030) and 60% by 2070 

(SRES A2) (Di Luca et al., 2018). By 2070–2099, relative to 2000–2010, the length of the Victorian ski 

season is projected to contract by 65–90% under RCP8.5 (Harris et al., 2016).” 

 

11.3.8 Finance - 11.3.8.2 Projected Impacts: “Risks for the finance sector are projected to increase 

(medium confidence). The potential impact of increased coastal and inland flooding, soil desiccation 

and contraction, fire and wind could lead to higher insurance costs, reduced property values and 

difficulties for some customers to service loans (CBA, 2018). Under a high-emissions scenario (RCP8.5), 

estimated annual losses to home-lending customers may increase 27% by 2060, and the proportion 

of properties with high credit risk may rise from 0.01% in 2020 to 1% in 2060, assuming no portfolio 

changes (CBA, 2018).” 

 

11.3.10 Energy - 11.3.10.2 Projected Impacts: “Risks for the energy sector are projected to increase 

with climate change (medium confidence). Projected increases in the frequency and intensity of 

heatwaves, fires, droughts and wind-storms would increase risks for energy supply and demand 

(AEMO, 2020b; ESCI, 2021). Households are unevenly vulnerable to energy sector risks due to varying 

housing quality and health dependencies (11.3.6). […] In Australia, the total heating and cooling energy 

demand of 5-star energy-rated houses is projected to change by 2100 (Wang et al., 2010). At 2°C global 

warming, the estimated change in demand is −27% in Hobart, −21% in Melbourne, +61% in Darwin, 

+67% in Alice Springs and +112% in Sydney. For a 4°C global warming, the changes are −48%, −14%, 

+135%, +213% and +350% respectively.” 

 

11.5.1 Cascading, Compounding and Aggregate Impacts - 11.5.1.2 Projected Impacts: “Cascading, 

compounding and aggregate impacts are projected to grow due to a concurrent increase in 

heatwaves, droughts, fires, storms, floods and sea level (high confidence) (CSIRO, 2020; Lawrence et 

al., 2020b).[…] In Australia, the aggregate loss of wealth due to climate-induced reductions in 
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productivity across agriculture, manufacturing and service sectors is projected to exceed AUD$19 

billion by 2030, AUD$211 billion by 2050 and AUD$4 trillion by 2100 for RCP8.5 (Steffen et al., 2019) 

(Table 11.13). Projected impacts also cascade across national boundaries via value chains, markets, 

movement of humans and other organisms and geopolitics (e.g., migration from near-neighbours as 

a pathway for adaptation, mobile climate-sensitive diseases and changes in production and trade 

patterns) (Lee et al., 2018; Nalau and Handmer, 2018; Schwerdtle et al., 2018; Dellink et al., 2019). 

The scale of impacts is projected to challenge the adaptive capacity of sectors, governments and 

institutions (Steffen et al., 2019), including the insurability of assets and risks to lenders (Storey and 

Noy, 2017).” 
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Table 11.13. This table shows the “economy-wide projected costs (AUD$) of climate change in Australia. 

(Estimates are not comparable across studies because different methods have been used. Estimates for later 

in the century are speculative because both impacts and adaptation are uncertain.)” 
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11.5.2 Implications for National Economies - 11.5.2.2 Projected Impacts: “The economic long-run 

impact increases with higher levels of warming (high confidence), but there is a wide range in 

projections. Conservative estimates for the long-run impacts of a 1°C, 2°C or 3°C global warming 

(relative to 1986–2005) on Australian GDP are −0.3, −0.6 and −1.1%/year, respectively, while for New 

Zealand the estimates are −0.1, −0.4 and −0.8%/year respectively (Kompas et al., 2018). More detailed 

modelling indicates a loss in Australia’s GDP of 6% by 2070 for 3°C global warming, while a 2.6% GDP 

rise by 2070 is possible for 1.5°C global warming (Deloitte, 2020). The potential for much more severe 

effects on GDP is shown in recent estimates, which attempt to account for the increased severity of 

uncertain effects (e.g., up to 18.5% reduction in Australia’s GDP by mid-century) (Swiss Re, 2021). In 

Australia, the total annual cost of damage due to floods, coastal inundation, forest fires, subsidence 

and wind (excluding cyclones) is estimated to increase 55% between 2020 and 2100 for RCP8.5 

(Mallon et al., 2019). National damage costs and impacts on asset values could be significant (Table 

11.13). The macroeconomic shocks induced from climate change, including reduced agricultural 

yields, damage to property and infrastructure and commodity price increases, could lead to significant 

market corrections and potential financial instability (Steffen et al., 2019). Under a ‘slow decline’ 

scenario by 2060 where Australia fails to adequately address climate change and sustainability 

challenges, GDP is projected to grow at 0.7% less per year and real wages would be 50% lower than 

under an ‘outlook scenario’ where Australia meets climate change and sustainability challenges 

(CSIRO, 2019).” 

 
Figure 11.6. This figure shows the “burning embers diagram for each of the nine key risks for low and moderate 

adaptation [for Australia]. The risk categories are undetectable, moderate, high and very high. While there is 

no risk category beyond very high, risks obviously get worse with further global warming, and the risk for coral 

reefs is already very high. The assessment is based on available literature and expert judgement, summarised 

in Table 11.14 and described in Supplementary Material SM 11.2. The global warming range associated with 

each risk transition has a confidence rating (**** very high, *** high, ** moderate, * low) based on the 

amount of evidence and level of agreement between lines of evidence.” 
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4 Percentage of Australia’s surface area affected by heat waves per 

year under different pathways 
 

In the remainder of this report, we present results from our own calculations, in contrast to the 

previous sections which were summarizing results from the scientific literature and IPCC reports. 

 

Figure 3 illustrates the temporal evolution of the percentage of Australia’s surface area that is affected 

each year by heat waves4. Three projections are presented, corresponding to three distinct warming 

pathways. The first pathway limits global warming to a global mean temperature anomaly of 1.5°C 

relative to the pre-industrial period by the end of the century (yellow colours). The second pathway 

results in a warming of 2.0°C by the end of the century (orange colours), while the third leads to a 

warming of 2.8°C, corresponding to a scenario in which countries continue with their current climate 

policies (red colours) (this can be interpreted as: under current climate policies, we have 67% 

probability of staying below 2.8°C and 33% probability of exceeding it)5. 

 

 
Figure 3. Land fraction exposed annually to heat waves in Australia under warming pathways aligned with 

1.5°C, 2.0°C, and Current Policies (2.8°C). Lines represent multi-model means of a heat wave metric calculated 

from four global climate models. Uncertainty bands span 1 standard deviation across the model ensemble. 

 

In 2025, on average, 18% of Australia’s surface area is annually experiencing a heat wave under our 

heat wave definition1, up from around 2% in the early historical period. From 2025 onward, 

differences in the land fraction exposed become discernible, reflecting the initial divergence between 

the warming pathways in the global climate model projections. By 2050, approximately 21% of 

 
4 The definition of heat waves that we use is provided in the Methods section at the end of the report. 
5 The 66th percentile value of global temperature anomaly in 2100 following the emission pathway indicated by 
countries’ current policies is annually updated, with the best estimate at the time of writing (March 2026) being 
2.8°C. For more information see: https://www.unep.org/resources/emissions-gap-report-2025  
 

https://www.unep.org/resources/emissions-gap-report-2025
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Australia’s surface area is annually affected by heat waves under the lowest warming pathway. Under 

a pathway leading to 2.0°C of warming, this proportion increases to 28%, and under the Current 

Policies-aligned warming pathway, on average 30% of Australia is projected to be annually affected 

by an extreme heat wave by mid-century. As expected, the differences between scenarios become 

most pronounced toward the end of the century, when the divergence in reachable global warming 

levels is greatest. By 2100, the annually exposed land fraction reaches 18%, 33%, and 43% under the 

1.5°C, 2.0°C, and Current Policies warming pathways, respectively. 
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5 Heat waves faced by young generations born in Australia under 

different pathways 
 

By combining the above projections of heat wave occurrence in Australia with demographic data, it is 

possible to project how many heat waves each birth cohort is expected to experience over their 

lifetime under a given scenario. Figure 4 presents these trajectories for birth cohorts ranging from 

individuals born in 1950 to children born in 2025. 

 

For individuals born in 1950, the different warming pathways have no significant effect on lifetime 

heat wave exposure. Based on the life expectancy of this cohort in Australia, these individuals are not 

expected to live long enough for the divergence between the warming scenarios to substantially 

modify their life experience. On average, a person born in Australia in 1950 is therefore expected to 

experience approximately 1.8 heat waves over their lifetime. In contrast, the choice of warming 

pathway rapidly leads to diverging impacts for younger generations. For the 1990 birth cohort, 

individuals in Australia are projected to experience, on average, 4.0 heat waves over their lifetime 

under the 1.5°C pathway, compared with 5.2 heat waves under the 2.0°C pathway and 5.5 heat waves 

under the current policies-aligned pathway. The differences in climate change impacts are largest for 

the youngest cohorts considered. For children born in 2025, lifetime exposure increases to an average 

of 4.9, 8.0, and up to 9.4 heat waves under warming levels of 1.5°C, 2.0°C, and the Current Policies 

pathway, respectively. 

 

In Figure 4, the authors’ birth cohorts are highlighted using a color scale ranging from older to younger 

individuals. Table 1 reports the numerical values associated with projections of lifetime exposure to 

heat waves in Australia for each author. Two main patterns emerge. First, higher greenhouse gas 

emission scenarios, and thus higher levels of global warming, lead to greater lifetime exposure to heat 

waves within the same birth cohort. Second, for a given warming scenario, a marked increase in 

lifetime exposure is observed for younger generations. 
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6 Lifetime heat wave exposure for young generations compared to 

the 1950 birth cohort 
 

To highlight the intergenerational inequity of climate warming, Figure 5 presents the Exposure 

Multiplication Factor (EMF). This metric is defined as the number of heat waves that the 2025 birth 

cohort is expected to experience over its lifetime divided by the number experienced by the 1950 birth 

cohort. In other words, the Exposure Multiplication Factor (EMF) indicates how many more heat waves 

a particular generation will experience compared to a reference generation (here taken as people 

born in Australia in 1950). The results are shown for the three warming pathways, leading to 1.5°C, 

2.0°C, and 2.8°C (Current Policies) of warming relative to the pre-industrial period. 

 

The height of each bar represents the absolute number of heat waves experienced during the lifetime 

of the 1950 and 2025 birth cohorts. The numerical values displayed above the bars for the 2025 cohort 

indicate the corresponding Exposure Multiplication Factors. Under the 1.5°C warming pathway, 

children born in 2025 in Australia are on average projected to experience 2.7 times more heat waves 

over their lifetime than people born in 1950. This factor increases to 4.1 times under the 2.0°C 

pathway and reaches 5.1 times under the Current Policies pathway. 

 

 
Figure 5. Number of heat waves events experienced over a lifetime for the 1950 and 2025 birth cohorts, and 

value of the Exposure Multiplication Factor (EMF) in Australia relative to the 1950 birth cohort, for each of the 

three warming pathways under study. The bar height represents the absolute number of heat wave events 

experienced during the birth cohort’s lifetime, and numbers displayed above the bars indicate the EMF. 

 

Figure 6 shows the evolution of the EMF across all birth cohorts, with the authors’ birth years 

highlighted using a colour scale ranging from older to younger individuals. Specific results are reported 

in Table 2. For example, Barry, the oldest author, does not experience a substantial change in lifetime 

exposure to heatwaves across the different emission scenarios considered. In contrast, for Sama, who 

is born in 2004, we project that she will experience 3.91 times more heatwaves over her lifetime 
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The younger birth cohorts face the highest exposure. For instance, under the 1.5°C trajectory, 65 000 

Australian people born in 2020 (22% of this cohort) are projected to experience an unprecedented 

lifetime exposure to heat waves. Under the 2.5°C trajectory, 158 000 Australian people born in 2020 

(54% of this cohort) face an unprecedented lifetime exposure to heat waves. Under the 3.5°C pathway, 

220 000 people (75% of this cohort) are set to live an unprecedented life in terms of heatwave 

exposure. In absolute terms this is over 11 times higher than for the 1960 cohort. These results also 

imply that limiting global warming to 1.5°C instead of 3.5°C would spare 155 000 Australian 6-years 

old children from facing an unprecedented life in terms of heatwave exposure, with similar numbers 

for each recent birth year. 

 

From these results, it can be concluded that recent birth cohorts are disproportionally affected by any 

current and future emissions. Globally, this is the combined effect of two factors: the younger cohorts 

are larger (that is, more people were born in the recent period), and the younger cohorts will spend a 

larger part of their life under a climate affected by future global warming. In areas with relatively 

limited population growth, the overall change is dominated by the climate change signal.  
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8 Methods 
 

To address Questions 3 through 6, the methodology follows that initially described in Thiery et al. 

(2021) published in Science7. However, certain methodological updates have been implemented since 

that study, to reflect the best available science:  

 

1. Demographic data have been updated to use the latest available data. Life expectancy data and 

cohort size data were updated from UNWPP2019 to UNWPP20248.  

2. Gridded population data were updated to use the best available data, replacing data previously 

used, obtained from ISIMIP2, with data produced within the European Project COMPASS9.  

3. Warming pathways were extended beyond 2100 using a more realistic approach. In Thiery et al. 

(2021), post-2100 years were generated by keeping the mean value of the last ten available years 

(i.e. 2090–2100) constant, thus underestimating warming beyond the end of the century. In the 

present analysis, global mean temperature trajectories for the period 2100–2119 are extrapolated 

using the linear trend over the years 2090–2100, representing a more realistic projection.  

4. To better isolate the forced signal of change from natural variability of the climate system, a 21-

year rolling mean is applied to both global mean temperature pathways, as well as the heat wave 

data. This approach is better aligned with best available science and recent scientific methods10. 

5. Climate impact simulations for heat waves were taken from ISIMIP3b, an updated version of 

ISIMIP2b used in Thiery et al. (2021), which provides more precise results with reduced 

uncertainty. 

 

To address Questions 3 through 6, we use the same definition of heat waves as initially described in 

Thiery et al. (2021). In a grid cell of the climate model used, we define a heat wave as an event in 

which the annual Heat Wave Magnitude Index Daily (HWMId) exceeds the 99th percentile of the 

annual maximum HWMId distribution under pre-industrial (1850-1900) climate conditions for that 

grid cell. This corresponds to a 1-in-100-year heat wave event under pre-industrial climatic conditions. 

The HWMId is defined as the maximum magnitude of all hot periods occurring within a year, where a 

hot period is a sequence of at least three consecutive days during which the daily maximum 

temperature exceeds a threshold value, 𝑇𝑐. This threshold is defined as the 90th percentile of daily 

maximum temperatures under pre-industrial climate conditions, calculated using a centred 31-day 

moving window. 

 

To address Question 6, the method and the results are identical as in Grant et al. (2025) published in 

Nature11. The numbers in Table 1 are directly available in Supplementary Materials, Tables 1 to 3. 

 

  

 
7 Thiery, W. et al. Intergenerational inequities in exposure to climate extremes. Science 374, 158–160 (2021). 
8 UNDESA. World Population Prospects 2024, Online Edition. https://population.un.org/wpp/ (2024). 
9 Paprotny, D. Exposure Datasets at Multiple Scales. Horizon Europe Project COMPASS. Deliverable D3.1. (2025). 
10 Byers, E. et al. Fast climate impact emulation for global temperature scenarios with the rapid impact model 
emulator (RIME). Environ. Res.: Climate 4, 035011 (2025) 
11 Grant, L. et al. Global emergence of unprecedented lifetime exposure to climate extremes. Nature 641, 374–
379 (2025). 

https://population.un.org/wpp/
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