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CMIP6

SSPs - Shared
Soclioeconomic
Pathways

Range in possible scenarios
SSP3-7.0
SSP1-2.6

Comms challenge

People expect we are on the
highest scenario and the low
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IEA* projections
suggest a more
plausible path.

Historical

emissions
Pledged  Current
policies policies

5oCt
Worst-case
no policy
(SSP5-8.5)*

Average no policy
(SSP3-7.0)

Weak mitigation
(SSP4-6.0)

Modest mitigation
(SSP2-4.5)

1.5 °C
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Highly unlikely
Often wrongly
used as ‘business
as usual’

Unlikely

| Reversal of
some current
policies

Likely
+ Given current
policies

option is impossible Mitigation required to meet Paris goals

1980 2000 2020 2040 2060 2080 2100

Hausfather and Peters 2020
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Our

Future
Climate

Climate
Scenarios

How to use the Climate
Projections (CMIP)

Moving away for Shared Socio-
economic Pathways (SSPs) to
Global Warming Levels to
characterise our future climate

Australia's National Science Agency
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Global mean temperature relative to 1850-1900 (°C)
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SSP5-8.5 - extreme end

Time Global Warming Level
horizon (GWL)

2050 GWL 1.5 (low emissions)
GWL 2 (high emissions)
2090 GWL 2 (low emissions)

GWL 3 (high emissions)
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HEATING PLANET

I b I The past 12 months were the hottest on record. Climate
Central’s report estimates that the period from November 2022

G O a m ea n to October 2023 was 1.32 °C above the pre-industrial baseline.

tem pera ture

anomaly
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Future Weather Hazard: Record-breaking climate events of the past
decade
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Australian [S58
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2017-2019 "

Queensland
and NSW
floods 2022

Victorian and NSW
Black Summer 2019
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D Economic Cost of Weather and
Climate Disasters

Damages by State from Billion-Dollar Disasters (2018-2022)

Climate-related disaster and economic losses

400 4
c L 400
S
ga .
£q 300 | 1380 =
=S [}
&8 g
B & 360 5
2 S 200 5
= O Qo
T5 L340 €
85 | 2
O 0 | =
? & 100 ‘ (i I L1320 &
o= 2
b=
N B JE L
0 : 2L Y ' .
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
[ | storm [l Flood | Drought
Billions of US dollars [l Extreme temperature  [I1] Wildfire — Total number of events
[ Landslide [ Glacial lake outburst
1 5 10 15 30 90
The US now experiences, on average, a billion-dollar weather or G IO ba | num be ran d d IVErS Ity Of
climate disaster every three weeks. H . H
i climate-related disasters since 2000

6 Australia's National Science Agency



Workflow of climate modelling
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Climate & Users
Hazard - Products
- intelligence Services
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Changes outside model range:
* Not modelled well in CMIP

Other lines of Other models

. . Theory, process
evidence: Obs, ’
understanding (EMICs,

Paleo and emulators etc.)
more

* Non-linear changes
* Tipping points




Global to Regional
Modelling

100km -> 10 km

Like the Climate Model Intercomparison Project
(CMIP) there is an International coordinate
effort regional climate modelling (CORDEX)

Many regional domains (e.g. North America,
Australian )

Focused on the Atmosphere and Land but can
be coupled to Marine models to do coastal GCM versus CORDEX

hazards too — e.g., waves and coastal erosion SWistion
Surface temperature
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Weather hazards
Future outlook

Heatwaves Sea Level Rise

Extreme Bushfire Weather




@ Heatwaves

I Us average temperature
The US warms more than the global

average compared to the preindustrial period.

Current (1991-2020) »

Change
2.7°F (1.5°C)» from today
3.6°F (2°C)»
5.4°F (3°C))
7.2°F (4°C)»
50 52 54 5 58 60 62
oF
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B Number of days 2 95°F

The number of very hot days (95°F or hotter)
increases.

Change
from today

10 15 20 25 30 35 40 45 50 55
Davs per vear

:‘\v’
w
Change in number of days experiencing heatwave conditions

(days/year)

Change in number of days experiencing heatwave conditions
GWL3.0°C-GWL1.2"*C
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@ Extreme Fire Weather: conditions primed for

large fires

May—October extreme weather conditions associated with very large fires

M Projected change
Historical (1971-2000) (2040-2069 relative to 1971-2000; RCP8.5)

Average Number of Days Change in Number of Days (%)
[1<0.05 []0.10-0.25 M 0.50-0.75 [ 1-25-0 []75-100 [EE250-300 [ 450-500
[J0.05-0.10 mm0.25-0.50 M 0.75-1.0 [10-25 []100-150 [@W300-350 MM 500-750
[]25-50 [J150-200 [ 350-400 @M 750-1000
£ Not modeled 15075 [1200-250 [EN400-450 HEE>1000

[ Not modeled
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Australian
Climate
Service

Saf
Median Change in Extreme Fireweather Days (FFDI>75)
GWL 2

Days per year
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Sea Level Rise
projected change
by the end of the
century

Likely range of 28 to 101
cm without considering
tipping points likely the
melting of ice sheets this
century.

12 Australia's National Science Agency
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Various different outcomes! Must be acknowledge and deal with it using
a risk management framework

(d) Global mean sea level change relative to 1900

m
2
150 cm+
4
I
1.5 I o . |
Low-likelihood, high-impact storyline, > I
including ice-sheet instability 101 cm SSP5-8.5
1 processes, under SSP5-8.5—>”_,f R Tikely range
. -7.0
4.-
=7 6
0.5 - SSP1-1.9
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Sea Level Rise

@

Increase in extreme total water level frequency with 0.32 m
additional SLR
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 Black circles represent the locations of tide gauges
[ US average sea level rise [l Coastal flooding events

Sea level rise (by 2100 compared to 2020) Sea level rise drives an increase in the number
is higher for higher warming levels. of major coastal flooding events per year due
to high tides alone.

Hazard metric GWL 2 GWL 3

L2 0.05-0.1
Mean Sea Level change | Additional 0.14m Additional 0.32m Additional 0.54m Current (1990-2020) »
from today Global Sea Level rise Global Sea Level rise Global Sea Level rise
Frequency of present- Increase in frequency of Increase in frequency of Increase in frequency of o SERIRG
5.4°-9.0°F *
day extreme total water | present-day extreme present-day extreme present-day extreme (3.0°-5.0°C) 4
i . }

levels

total water levels

total water levels.
National mean increase
of coastal extremes 8.8
times present (high

total water levels.
National mean increase
of coastal extremes 68.8
times present (high

T T T T T T 1

0 10 20 30 40 50 60 70
Range in inches

1
0 1 2 3 4 5 182(everyotherday)

Events per year

confidence) confidence)

*Rise at the upper end of this range cannot be ruled out due to the possibility of rapid ice sheet loss. a 3
The amount of warming required to trigger such loss is not currently known but is assessed to be above 3.6°F (2°C)
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Extreme
Rainfall

More intense short-
duration heavy rainfall
events throughout the o

B Extreme precipitation events

cou ntry. More rain falls during the most extreme
precipitation events.

Change at GWL3.0: 50th percentile

Change at GWL1.5: 50th percentile Change at GWL2.0: 50th percentile
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Change
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SESSION 1

Weather
hazards
projected
changes

Climate Measurement
Standards Initiative Task
Force on Climate-Related
Financial Disclosures

15 Australia's National Science Agency

Cat 4 - 5 Tropical Cyclone frequency:
Increase

Low - Medium

Tropical cyclone latitude:

Poleward extension more likely than not

Low

Extreme hourly to daily rainfall:
Increase

Flood risk factor:
Increase more likely than decrease

Tropical Cyclone frequency:
Decrease

Large hail (>2.5cm):
Unclear

East coast low frequency:
Decrease

Extreme fire weather:
Increase

Without deeper cuts in global net emissions,
climate risks to the US will continue to grow

» Aperson born in North America in 2020 will experience
more climate hazards during their lifetime, on average,
than a person born in 1965.

Global Warming Above Preindustrial Levels
|90 2.7°F M 4.3°F M 6.3°F

5Xi Heatwaves

4x

3x | Tropical
River cyclones - prought

2x { Wildfires - floods — Crop
1x 4 i
0x
15

How many times more events?




() 2023 Temperature Extremes

UNBROKEN HEAT

Of the cities with at least 1 million people, these had the longest streaks of

extreme heat, counted in consecutive days, over the past 12 months.

Longest extreme United States
heat streaks (days) Houston 22
Ee— Indonesia
New Orleans 17 Jakarta 17
Mexico ETTE— e
Zapopan 15 Austin 16 Tangerang 17
China Py _
Qujing 16 Guadalajara 15 San Antonio 15 Bekasi 15
RO ap——
| | | | |
May June July August September  October
2023
Source: Climate Central
16 Australia's National Science Agency

WORLD VIEW | 19 March 2024

Climate models can’t explain 2023’s
huge heat anomaly —we could bein
uncharted territory

‘-&' . Takinginto account all known factors, the planet warmed 0.2 °C more last
;‘ year than climate scientists expected. More and better data are urgently
& needed.

By Gavin Schmidt &

¥y f
NEWS | 10 November 2023

Earthjust had its hottest year on
record — climate change is to blame

Around 7.3 billi
over the past year.

By Carissa Wong

vy f =

Commentrary on 2023

16



Global mean temperature anomaly:
CMIP6 Acceleration

Global Surface Air Temperature (°C)
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Period of acceleration

Global Mean Warming relative to 1850-1900 - IPCC Assessed

Period of increase

2000 2050

2100

Projected Changes at 3.6°F (2.0°C) of Global Warming

Aasia Northwest Northern

Average summer  Great Plains.
Average winter .
Tmpatires temperatures _ Nine fewer Micheat

increase by 4.8°F

)

increase by 3.9°F

zero-degree (0°F)
days each year

e o

Ten more days above
95°F each year

| Northeast

" Minimum summer
temperatures
increase by 3.2°F

Southwest
Hawait Annual
Annual record high
temperatures temperatures  Southern g&",:‘h:,:s;a " US Caribbean
increase by 1.8°F are 3.7°F hotter Great Plains lay: Average summer
Eight more days 200V 100°F
g 3 cach year temperatures
sbexe 105°F increase by 1.7°F
each year

Temperature Change (°F)

o 1 2 3 4 5 & 7 8 9 10 1
Global averege — Lt s averge
What would 3.6°F (2°C) of global warming feel like in the United States?
Figure 1.14. As the world warms, the United States warms more on average.
The map shows projected changes in annual surface temperature compared to
the present day (1991-2020) under a global warming level of 3.6°F (2°C) above
preindustrial levels (see Figure 2.9). Regional examples show how different
temperature impacts would be experienced across the country at this level of
warming. Figure credit: USGCRP, NOAA NCEI, and CISESS NC.

Commentrary on 2023
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@ Key Messages

* Climate Is Changing, and Scientists Understand Why
* Extreme Events Are Becoming More Frequent and Severe

* Humans Are Changing Weather and Climate Extremes and How Much
the Climate Changes Depends on the Choices Made Now

* Climate Change will Continue to Cause Profound Changes on people,
communities, economies, and natural systems

*  Move to renewal energy to reduce or Greenhouse Gas Emissions will
require a more flexible systems

USA National Climate Assessment 2023: nca2023.globalchange.gov
State of the Climate (Australia) 2022: http://bom.gov.au/state-of-the-climate
\ustralia’s National Science Agency Australian Climate Risk Assessment (in progress)

18
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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

tation

Precipi

Santa Ana or
Diablo winds

Precipitation

Prolonged and
extreme dry
conditions

Extreme precipitation
followed by enhanced
growth of grasses and
other fuel vegetation

Hot, dry weather lowers
overall moisture levels and
dries vegetation, leading to
outbreaks of extreme fires
(eg, Thomas Fire in California,
December 2017) Extreme precipitation

over bumed area causes

deadly debris flows

(g, Montecito, California,

January 9, 2018)

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

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)

CLAW | Feb. 2024

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

Tipping Elements _— Melt of ic Ice Loss
iSI_Ear:h's Greenland Permafros
imate Ice-Sheet Ozone ? and Tundra
Syste Atlantic BomaLFo:‘!st Loss?
Boreal Forest Deep Water L
Dieback Formation
Sahara Indian
ol g
q ic
West African  tistability

Monsoon Shift

Change in ENSO, k -
Amplitude

or Frequency

Changes in Antarctic
Instability of Bottom Water Formation?
West Antarctic )
based upon Lenton ot al. (2008) . IC@ Sheet

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

19




Australian Climate Service

Australian Government

Seamless Climate and Hazard
Downscaled Modelling

David Jones
Section Manager, Seamless Prediction Science

Richard Matear
Research Scientist, CSIRO
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