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Pacific Climate has changed
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Increased frequency of large-scale heatwaves and record-high temperatures 

Increased Ocean temperatures and ocean acidification

Increased rainfall in west Equatorial Pacific and Reduced rainfall south of the 
equator (SPCZ)

Increased frequency of coastal storm surge inundation with rising Sea Levels

An increase in heavy rainfall

IPCC AR6

Tropical Cyclones show no significant trend

• Pacific is a region of large variability (i.e. ENSO)  impacting the ability to 
separate climate change from natural climate variability

• Climate change may impact climate variability and extreme climate events
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Timescales for weather, climate variability and climate change

Climate change impacts are 
associated with extreme climate 
events (e.g. flooding)

How does climate influence the 
weather?

Chronic – rising mean 
temperatures (mean change)

Acute – heatwaves (extreme 
climate event)

Pacific Island Climate Change Monitor: 2021 
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Temperature Trend (1951-2020) 

Pacific Island Climate Change Monitor: 2021 



CMIP6
SSPs – Shared 
Socioeconomic 
Pathways
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Range in possible 
scenarios

SSP3-7.0

SSP1-2.6

Comms challenge

People expect we are on 
the highest scenario and 
the low option is 
impossible

Hausfather and Peters 2020
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Moving away for Shared Socio-economic 
Pathways (SSPs) and Representative 
Concentrations Pathways (RCP's) to 
Global Warming Levels to characterise 
our future climate 

Time horizon Global Warming Level (GWL)

2050 GWL 1.5 (low emissions)
GWL 2 (high emissions)

2090 GWL 2 (low emissions)
GWL 3 (high emissions)

Our future climate: 
Australian Climate Risk Assessment approach

Gross et al., 2023 and IPCC AR6
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Future Sea Surface Temperature  

Dhage and Widlansky 2022

Surface Ocean warms less than 
global mean temperature

Warming ocean increases the 
frequency, duration and 
magnitude of marine heatwaves

Black contour – obs 28°C
Blue contour – simulated 
historical 28°C
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Marine Heatwaves: extreme ocean events and their 
impacts

CSIRO 2024
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Dixon  et al., 2022

Suitable coral reef habitat 
based on temperature

Coral Bleaching duration, 
magnitude and frequency 
increases with warming 
impacting suitable habitat
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Future mean rainfall 

Dhage and Widlansky 2022

Projected increase in mean 
rain fall along equator with 
some drying trends off 
equator

Black contour – obs. 5 mm/day 

Blue contour – simulated 
historical 5mm/day
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Future Pacific Climate 
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Increased frequency of large-scale heatwaves and record-high temperatures 

Increased Ocean temperatures and ocean acidification

Increased rainfall in west Equatorial Pacific and Reduced rainfall south of the 
equator (SPCZ)

Increased frequency of coastal storm surge inundation with rising Sea Levels

An increase in heavy rainfall

IPCC AR6

Tropical Cyclones show no significant trend

• Pacific is a region of large variability (i.e. ENSO)  which will be impacted by 
future climate change

• Climate change will impact extreme climate events 
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IPCC 

Interactive-atlas.ipcc.ch



Contact us

Richard Matear
Richard.Matear@csiro.au
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Some additional points : complex risk, global 
impacts and tipping points
Increased Variability: Compound and 
consecutive extremes, cascading impacts can be 
where the biggest impacts occur

Sequence of extremes California 2018 (AghaKouchak et al. 2020 Climate Extremes and 
Compound Hazards in a Warming World. Annual Review of Earth and Planetary Sciences)

Connected: climate change cross 
borders and impacts Trade,
Migration, Food Security, Conflict, 
...

Known Unknowns: Reaching global climate 
‘Tipping Points’ may mean abrupt change, effects 
on Australia beyond projections shown here

Also consider regional ‘regime shifts’ with local abrupt changes
‘tipping points’ within systems



CLAW, 2024 15

Rainfall Trends 

Pacific Island Climate Change Monitor: 2021 
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Tropical Cyclones  

Australian Bureau of Meteorology, Pacific Island Climate Change Monitor: 2021 
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Climate Variability 

Lee et al.  2022

El Niño La Niña
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ENSO response to climate change – multiple ideas

Lee et al.  2022
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BGC fields from CMIP6 multi-model mean 
 

Kwiatkowski et al. 2020

SST

Surface pH

Interior oxygen 
(100-600m)
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BGC fields from CMIP6 multi-model mean 

Kwiatkowski et al. 2020

Surface Nitrate

Upper Ocean
Net Primary Production

More El Nino like state leads to reduced upwelling of nutrients 
in the eastern Equatorial Pacific and reduced NPP
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