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The climate 
system

Source: IPCC Fourth 
Assessment Report 
(Working Group 1)
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The greenhouse effect



• Variability is natural 
(day, season, annual, 
decadal, etc.)

Climate is variable

Data source: Bureau of Meteorology

Presenter Notes
Presentation Notes
We don’t expect one day to be the same as the next
Likewise, seasons and years
This graph shows Victoria’s annual average temperature over time since 1910 (to 2022)
Data are from BoM
Trend of change is very clear for temperature
Less obvious for rainfall but clear for cool season totals in Victoria
Taking Gen Z as 1997-2012
i.e. 25-40 yo




• Variability is natural 
(day, season, annual, 
decadal, etc.)

• Long-term record 
allows us to calculate 
averages

• 1961-1990 WMO 
standard period 
(“Climate Normal”) 
used as a reference

Climate is variable
1961-1990

Data source: Bureau of Meteorology

Presenter Notes
Presentation Notes
We don’t expect one day to be the same as the next
Likewise, seasons and years
Trend of change is very clear for temperature
Less obvious for rainfall but clear for cool season totals in Victoria
Taking Gen Z as 1997-2012
i.e. 25-40 yo




• Background change 
trend caused by us

• NB. Trend is very 
clear for temperature; 
less so for rainfall

Climate is variable
…but also changing

Data source: Bureau of Meteorology and CSIRO

Presenter Notes
Presentation Notes
We don’t expect one day to be the same as the next
Likewise, seasons and years
Trend of change is very clear for temperature
Less obvious for rainfall but clear for cool season totals in Victoria
Taking Gen Z as 1997-2012
i.e. 25-40 yo




• Background change 
trend caused by us

• NB. Trend is very 
clear for temperature; 
less so for rainfall

• Gen Z has never 
lived a below-
average year 

Climate is variable
…but also changing

Gen ZBoomers Gen X Millennials

Data source: Bureau of Meteorology and CSIRO

Presenter Notes
Presentation Notes
We don’t expect one day to be the same as the next
Likewise, seasons and years
Trend of change is very clear for temperature
Less obvious for rainfall but clear for cool season totals in Victoria
Taking Gen Z as 1997-2012
i.e. 10-25 yo
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Temperature

State of the Climate 2022

• Australia’s climate has warmed by an 
average of 1.47 ± 0.24 °C since 
national records began in 1910.

• Our sea surface temperatures 
have increased by an average of 
1.05 °C since 1900.



Rainfall - southern

State of the Climate 2022

• There has been a decline of around 
15% in April to October rainfall in the 
south-west of Australia since 1970.

• Across the same region, May to July 
rainfall has seen the largest decrease, 
of around 19% since 1970. 

• In the south-east of Australia, there has 
been a decrease of around 10% in April 
to October rainfall since the late 1990s.



Fire weather

State of the Climate 2022

• There has been an increase in 
extreme fire weather, and a longer 
fire season, across large parts of 
the country since the 1950s.

• This has led to larger and more 
frequent fires, especially in 
southern Australia

In addition: More frequent 
‘megafires’ (>1M ha) and less time 

between fires



Human cause of change
– 150+ years of science

1856: Eunice Foote (1819-1888)
• Pioneering work on ‘greenhouse effect’
• Tested effect of sun’s rays on several gases
• Demonstrated CO2 heated more than air
• “…an atmosphere of [carbon dioxide] would 

give our earth a high temperature”
• Hypothesised as explanation for higher global 

temperatures in the distant past
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Atmospheric carbon dioxide

Concentrations of carbon dioxide, methane and nitrous oxide have 
increased to levels unprecedented in the last 2,000,000 years

2021
414 ppm CO2

516 ppm CO2-e



Extreme events more frequent/intense
• Black Summer of 2019-20
• Extreme fire conditions made 

>30% more likely by climate 
change

• Smoke impacted 80% of 
Australians

• 400+ deaths from smoke
• 100s due to heat
• $2.2bn insurance claims

Source: Twitter @Nic_Asher Source: ABC News Matthew Doran

Source: 
CSIRO

Presenter Notes
Presentation Notes
Climate modelling also helps the science of attribution

Images obtained from https://www.abc.net.au/news/2020-05-26/bushfire-royal-commission-hearings-smoke-killed-445-people/12286094
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Developing climate 
change projections

• Consilience: Multiple lines of 
evidence used to assess climate 
change

• Knowledge is always improving in 
all these fields (hence the need for 
updated assessments)

1
8



Image: NOAA

Global climate models

Equations 
+ 

Supercomputers

19

GHG Concentrations

Presenter Notes
Presentation Notes
A climate model is basically an incredibly complex computer program or simulation taking in all that science knowledge about the climate system and running it on super computers (e.g. National Computational Infrastructure in Canberra). 
Maybe a bit of an abstract concept but… 

How model actually works: 
- Earth’s globe split into a 3D grid: each cell is about 200 by 200 kilometers wide, and there are typically 40 levels up into the atmosphere and 50 levels down into the ocean.
Each grid cell contains values describing basic things which don’t change like topography, whether it’s land or water etc
Each grid cell also contains things which do change over time (“variables”) such as temperature and rainfall, pressure and windspeed. 
All these variables plug into the many interrelated equations which are calculated simultaneously over all cells for one time step at a time. Calculations spit out new values for each variable at each time step and these values are recorded before the calculations are repeated for the next time step. Usually 15 to 30 minute time-steps. 
Remember each cell contains just one value for each variable just like a pixel in an image. 
The model output is a 3D ‘picture’ of all the different climate variables (one value per cell) for every time step – this is a timeseries. BTW that is an incredible volume of data…

Happy to take questions for clarification at this point? 


 




Earth’s atmosphere simulated by a model 
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Presenter Notes
Presentation Notes
Key message:

Model output can be visualised to look like a satellite image.

Notes on slide content:

This animation looks like it comes from a satellite but is climate model output, at 5-km resolution, based on cloud, sea ice, snow and soil moisture info

Source:

https://www.youtube.com/watch?v=YlT6mJzNqEQ




But how good are they?
(Model evaluation)

Observations

Climate model average
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Presenter Notes
Presentation Notes
Key message:

This slide shows one way of comparing observations with model output to assess confidence.

Notes on slide content:

The top panel shows observations. The bottom panel is model representation. The two are very similar.

Source:

IPCC fourth assessment report - https://www.ipcc.ch/report/ar4/wg1/
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Developing climate change projections

+ → →

Observations and 
understanding of the 

climate system 

Future 
scenarios

Global climate 
models 

Climate 
change 

projections



Climate models: output 

Gridded output Timeseries output

→

Peel off just the surface layer 
and we have a grid for every 
time step…
But to understand climate we 
average grids over decades. 

A model run produces just 
one plausible ‘timeseries’ for a 
particular climate scenario –
we like to assess many 
models to build a more 
complete picture . 

2080-2099

23

Presenter Notes
Presentation Notes
The model output is a 3D ‘picture’ of all the different climate variables (one value per cell) for every time step – this is a timeseries. an incredible volume of data…

How we look at what comes out of a climate model? 
Gridded output:
Look at one horizontal layer (usually that by the surface) for a 2D grid. Model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. E.g. here model projected average change in a variable by 2080-2099. 
Timeseries output: 
We can also look at the time evolution. One model run gives a plausible timeseries for a particular climate scenario (squiggly line). 
The shading comes from an ‘ensemble’ of models – meaning we consider more than just one model run to build a picture of future climate. 


 




Locally-relevant, application-ready 
datasets

Many ways to do this, many choices:
- Further statistical or dynamical modelling
- Post-processing – by scaling observations (simple or complex) or bias correction

Simplest method is ‘delta scaling’ (more complex from there):

Best to use a method appropriate to the 
application

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as gridded output.

Notes on slide content:

Gridded output looks at one horizontal layer (usually that by the surface) for a 2D grid. The model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. e.g. here model projected average change in a variable by 2080-2099. 

Source:

www.climatechangeinaustralia.gov.au


 




Regional climate modelling (downscaling)

Topography of Victoria represented with different grid resolutions.

This looks more realistic, and it potentially gives new information 
on regional-scale climate change 

“Realised 
Added Value”

Presenter Notes
Presentation Notes
Key message:

Downscaling used to resolve finer details and processes but applies to limited are and still relies on global model to guide it, tell it what the rest of the world is doing. 

Notes on slide content:

Global climate models are the most important tool we have for exploring future climate change over the globe and regionally. 
Regional climate is affected by global processes over long time scales. These can only be represented by global climate models. 

BUT global models are need a huge amount of computing power, which means they are limited to the rather coarse resolution of 100-300 km or so grid boxes. 

This slide shows the topography of south-east Australia in a typical GCM resolution (about 150 km), intermediate downscaling using CCAM (50 km) and high-resolution downscaling using CCAM (5 km), the height scale extends to 2000 m above sea level. 

Customisation:

You may want to replace these figures with locally relevant downscaling if it is available (although the intention is simply to show how resolution changes, not to point out locally specific features)

Source:

Victorian Climate Projections 2019 technical report 
https://www.climatechangeinaustralia.gov.au/en/climate-projections/future-climate/victorian-climate-projections-2019/ 
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Emissions Scenarios – what, why?

27

• Climate projections are essentially a “what if” 
exercise: if we follow X pathway, we get Y

• Since climate change is driven by atmospheric 
greenhouse gas concentrations…

• …and we can’t know the future…
• …we need a set of scenarios of how greenhouse 

gases might plausibly change in future
• These are refined over time as we understand 

past changes in emissions and climate better

RCP8.5/SSP5-8.5 now 
widely regarded as 
unrealistically high

CCiA ‘Application-Ready’ 
data (used in CSA):

• RCP4.5
• RCP8.5

(RCP2.6, RCP6.0 avail for 
other data types)

Presenter Notes
Presentation Notes
RCP8.5 (which is also incorporated into SSP5-8.5) is predicated on a five-fold increase in the use of fossil-fuelled energy generation.

Scenarios relate to social, technical, institutional developments which control amount of greenhouse emissions. We don’t know what the future holds socially, economically, politically, technologically, so the scientific community has developed plausible scenarios that describe different possible futures..





Emissions vs concentrations 
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Policy
Paris Agreement

Inventories

Climate modelling
Projections

Presenter Notes
Presentation Notes
Plot 1 on the left: global EMISSIONS of Carbon Dioxide over the 21st century. 
E.g. On the bottom (green) is a scenario showing emissions peak in the 2020’s and then fall quite rapidly (this scenario represents aggressive mitigation)
E.g. on the top (blue) is a scenario with emissions continuing through the century unmitigated.

Emissions is what is emitted into the atmosphere, but relevant for climate is the actual concentration of greenhouse gasses in the atmosphere (determined by many processes). 
Plot 2 on the right:  The atmospheric concentration of CO2 (in parts per million) related to each of the emission scenarios on the left. 
For example: At the bottom in green – for the scenario where emissions peak soon and rapidly decline, the concentration of CO2 decreases much more slowly

Bonus:
RCP values represent the amount of radiative forcing (Watts m-2) at the end of the century (Radiative forcing is a measure of the energy absorbed and retained in the lower atmosphere)








The SSP scenarios used in AR6, their indicative temperature 
evolution and radiative forcing categorization, and the five socio-
economic storylines upon which they are built

RCPs and SSPs: what’s equivalent to what?

IPCC AR6 WG1, Cross-Chapter Box 1.4

ACS/NPCP Nationally 
coordinated downscaling 

prefers:
• SSP1-2.6
• SSP2-4.5
• SSP3-7.0

ACS = “Australian Climate Service”
NPCP = “National Partnership for Climate Projections” (led by DCCEEW)

Presenter Notes
Presentation Notes
Cross-Chapter Box 1.4, Figure 1: 
The SSP scenarios used in this report, their indicative temperature evolution and radiative forcing categorization, and the five socio-economic storylines upon which they are built. The core set of scenarios used in this report, i.e., SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5, is shown together with an additional four SSPs that are part of ScenarioMIP, as well as previous RCP scenarios. In the left panel, the indicative temperature evolution is shown (adapted from Meinshausen et al., 2020). The black stripes on the respective scenario family panels on the left side indicate a larger set of IAM-based SSP scenarios that span the scenario range more fully, but are not used in this report. The SSPradiative forcing matrix is shown on the right, with the SSP socioeconomic narratives shown as columns and the indicative radiative forcing categorisation by 2100 shown as rows. Note that the descriptive labels for the five SSP narratives refer mainly to the reference scenario futures without additional climate policies. For example, SSP5 can accommodate strong mitigation scenarios leading to netzero emissions; these do not match a ‘fossil-fueled development’ label. Further details on data sources and processing are available in the chapter data table (Table 1.SM.1).
IPCC AR6 WG1, p.1-206



• Xx

Projected changes in global surface temperatures (multiple lines of evidence)

Summary for Policy Makers Table SPM.1, p.SPM-17
Changes relative to 1850-1900



Projections

Model 
output

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as a time series

Notes on slide content:

One model run gives a plausible timeseries for a particular climate scenario (squiggly line). 
The shading comes from an ‘ensemble’ of models – meaning we consider more than just one model run to build a picture of future climate. 

Source:

Climate Change in Australia
 




Fraction of total variance

Global Local

Internal variability

Scenario 

Models
Hawkins and Sutton (2009)

Showing the uncertainties as a 
graph
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Climate change or climate variability?

Solar changes

Decades

Changes in 
greenhouse gases

Natural + Human

Changes in 
Earth’s orbit

1000s yrs

Volcanic eruptions

Unpredictable, impacts yrs

Presenter Notes
Presentation Notes
The Earth’s climate has changed over the centuries and millennia due to a number of different factors.
These include:
- changes in the Earth’s orbit which may occur over time scales of thousands of years. These are called the “Milankovitch Cycles: precession (wobble): 26ky; obliquity (tilt): 41ky; eccentricity (orbital variation): 100ky
- changes in the sun which affect the amount of incoming solar radiation. Increased solar activity causes small increases in mean global atmospheric temperature.
large scale volcanic eruptions which eject large amounts of ash into the atmosphere.  The ash may remain in the atmosphere for several months or years reflecting sunlight back into space and resulting in a drop of mean global surface temperature
changes in atmospheric chemistry such as the quantity of greenhouse gases. These include natural (e.g. boreal forests, smoke from fires, marine, sea spray, sulphate cycle) and anthropogenic sources. (click to show the dotted square around changes in greenhouse gases). 

Global Carbon Project website: global carbon atlas 
	




Australia's 
climate 
influences

Climate influences or 
‘drivers’ modulate 
the occurrence of 
particular weather 
patterns.

These change with 
season as well!

Presenter Notes
Presentation Notes
Key message:

Australia’s climate is influenced by many features – which ones and to what extend depends on the region of interest.

Notes on slide content:

Facilitators are encouraged to focus on influences that impact their region of interest.

The Australian climate influences page on the Bureau of Meteorology website [see http://www.bom.gov.au/climate/about/] is an excellent resource. It has information about all of the influences on this page, including maps showing the areas of Australia they influence.

Customisation:

You may want to add animations to highlight features that are relevant for your location/audience.

Source:

http://www.bom.gov.au/climate/about/



Global average temperatures
• Natural variability against a background trend
• La Nina 2021 hotter than all El Nino years prior to 2016



Global average temperatures
• Natural variability against a background trend
• La Nina 2021 hotter than all El Nino years prior to 2016

* *
*

***

****
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• A prediction estimates a sequence of events – NOT 
what climate projections do!

Projections not predictions

Presenter Notes
Presentation Notes
PREDICTION/FORECAST:
The goal of a prediction or forecast is to predict an exact sequence of events for the very near future. 
Weather forecast is constantly ‘fed’ real-time observations to make sure it is as close to reality as possible before simulating the near future
“initial value problem”. 
Weather models can give detailed and accurate short term predictions BUT ignore a lot of processes which are important to long-term climate
Such as ocean circulation, chemical processes or biological feedbacks.

Beyond a few days, forecasts lose skill (natural inherent chaotic nature of weather)
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• A projection simulates the response of the climate system to a 
scenario of climate change

Projections not predictions

doi:10.1007/s10584-016-1840-9

http://rdcu.be/lIzX


Barplots show 10th to 90th “percentile” range

• Percentiles describe how values are ‘distributed’ within the dataset (‘population’)
• In example below, not everyone is the same height
• Rank people from shortest to tallest
• If 80% of people are shorter than ‘you’, you sit at the 80th percentile
• Flipping that around, 20% of people are taller than ‘you’

You

80%

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as gridded output.

Notes on slide content:

Gridded output looks at one horizontal layer (usually that by the surface) for a 2D grid. The model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. e.g. here model projected average change in a variable by 2080-2099. 

Source:

www.climatechangeinaustralia.gov.au


 




Barplots show 10th to 90th “percentile” range
• Percentiles describe how values are ‘distributed’ within the dataset (‘population’)
• In example below, not everyone is the same height
• Rank people from shortest to tallest
• If 80% of people are shorter than ‘you’, you sit at the 80th percentile
• Flipping that around, 20% of people are taller than ‘you’
• Similarly, 10th and 90th percentiles can be calculated

You

80%

10th pc

90th pc

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as gridded output.

Notes on slide content:

Gridded output looks at one horizontal layer (usually that by the surface) for a 2D grid. The model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. e.g. here model projected average change in a variable by 2080-2099. 

Source:

www.climatechangeinaustralia.gov.au


 




Why?
• It’s common practice in science to reduce the 

prominence of the most rare values
• In projections, this helps to downplay (without discarding) 

the more extreme values for which climate scientists 
have less confidence 

• Note that because there are only six ‘data points’ (model 
results) in this example, the 10th and 90th percentiles sit 
partway between two points (mathematically calculated)

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as gridded output.

Notes on slide content:

Gridded output looks at one horizontal layer (usually that by the surface) for a 2D grid. The model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. e.g. here model projected average change in a variable by 2080-2099. 

Source:

www.climatechangeinaustralia.gov.au


 




Why?
• It’s common practice in science to reduce the prominence of 

the most rare values
• In projections, this helps to downplay (without discarding) the 

more extreme values for which climate scientists have less 
confidence 

• Note that because there are only six ‘data points’ (model 
results) in this example, the 10th and 90th percentiles sit 
partway between two points (mathematically calculated)

• See how a single ‘outlier’ value can ‘skew’ the 90th percentile 
when there is a small number of values (in this case, 6)

• This is often the case with downscaled data because there 
are fewer simulations (values) to draw on

Presenter Notes
Presentation Notes
Key message:

We can look at climate model output as gridded output.

Notes on slide content:

Gridded output looks at one horizontal layer (usually that by the surface) for a 2D grid. The model produces one grid for each time step, but to get a picture of the climate we might average grids over decades. e.g. here model projected average change in a variable by 2080-2099. 

Source:

www.climatechangeinaustralia.gov.au
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• CCiA Eight-model subset (CMIP5)
• Australian Climate Service (ACS) working towards a 

standard subset for
• Downscaling (strict limitations on choices) – in review
• General projections (fewer restrictions on choices) – coming

Selecting a representative model sub-set

CCiA ACS

Presenter Notes
Presentation Notes
Slide for Canberra

https://www.climatechangeinaustralia.gov.au/en/obtain-data/application-ready-data/eight-climate-models-data/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4210919


Hottest, Driest Future
Low-medium emissions

https://www.climatechangeinaustralia.gov.au/en/projections-tools/threshold-calculator/
https://www.climatechangeinaustralia.gov.au/en/projections-tools/climate-analogues/analogues-

Presenter Notes
Presentation Notes
Analogue settings
Summer temperature within 0.5 degrees
Annual temperature within 0.75 degrees
Annual precipitation within 20%
Percent rainfall in summer within 20%





Low-medium emissions

Hervey Bay
• Days >35 increase from 0.6 to 3.0 /yr
• Nights > 24 increase from 10.0 to 36.4 /yr
• Becomes more like Bowen
Sandy Cape
• Days >35 increase from 0 to 0.6 /yr

https://www.climatechangeinaustralia.gov.au/en/projections-tools/threshold-calculator/
https://www.climatechangeinaustralia.gov.au/en/projections-tools/climate-analogues/analogues-

Hottest, Driest Future

Presenter Notes
Presentation Notes
Analogue settings
Summer temperature within 0.5 degrees
Annual temperature within 0.75 degrees
Annual precipitation within 20%
Percent rainfall in summer within 20%





Robust projections for use
Multiple 
climate 
model 

datasets

Evaluate each model for 
the region (know their 

strengths & 
weaknesses)
Unacceptable skill Ac

ce
pt

ab
le

 s
ki

ll

Describe the total 
range of futures

ID which ‘futures’ 
have meaning for the 

issue/question

Check the data 
for each ‘key’ 

future
Do data meet 

the need?

Can projections 
adequately provide 

those metrics?

R
e-

as
se

ss

Yes

No

Self-
service

Re-examine

No

Yes

Do you need 
more help?

Yes
Cool!

No
Co-design solutions

Get the 
data

Co-designIn the lab!

ID the important 
climate metrics for 
the issue/question

Presenter Notes
Presentation Notes
Yes, I’ve discovered PowerPoint icons!



Future climate

State of the Climate 2022

Ongoing climate variability means each year will not 
necessarily be hotter than the last, but the underlying 
probabilities are changing. This leads to less chance of 
cool years and a greater chance of repeatedly breaking 
Australia’s record annual average temperature (e.g. 
record set in 2005 was subsequently broken in 2013 and 
then again in 2019).

The amount of climate change expected in the next 
decade is similar under all plausible global emissions 
scenarios. However, by the mid-21st century, higher 
ongoing emissions of greenhouse gases will lead to 
greater warming and associated impacts, while lower 
emissions will lead to less warming and fewer impacts. 

Presenter Notes
Presentation Notes
In the coming decades, Australia will experience ongoing changes to its weather and climate. Australia is projected to experience: 
• Continued increase in air temperatures, more heat extremes and fewer cold extremes. 
• Continued decrease, on average, in cool season rainfall across many regions of southern and eastern Australia, which will likely lead to more time in drought, but with ongoing climate variability that will give rise to short-duration heavy-rainfall events at a range of timescales. 
• Continued increase in the number of dangerous fire weather days and a longer fire season for southern and eastern Australia. 
• Further sea level rise and continued warming and acidification of the oceans around Australia. 
• Increased and longer-lasting marine heatwaves that will affect marine environments, such as kelp forests, and increase the likelihood of more frequent and severe bleaching events in coral reefs around Australia, including the Great Barrier Reef and Ningaloo Reef. 
• Fewer tropical cyclones, but a greater proportion is projected to be of high intensity, with large variations from year to year. 




Any questions? 
John M Clarke
John.Clarke@csiro.au 

The Climate Systems Hub is funded by the Australian Government under the National Environmental Science Program, with co-investment from the following partner agencies.
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