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Uﬁ?‘vt%?’;‘i'ty CO, emissions increasing (again)
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Global Carbon Project 2022; Friedlingstein et al. 2022; IPCC 2021; CENCO2PIP 2023



L S Globally — 2023 way hottest on record
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Global Mean Temperature Difference (°C)
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WMO 2024; Copernicus 2024; Rantanen and Laaksonen 2024



&L 85 Extraordinarily hot globally

GLOBAL SURFACE AIR TEMPERATURE ANOMALIES
Data: ERAS 1940-2023 e Reference period: 1991-2020 « Credit: C3S/ECMWF

« Unlikely due to
just GHG and
El Nifo
Possible
influence of
reduced
shipping
emissions

= me——— = Tonga volcano

since 1940
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<, ta’  Racing towards 1.5°C
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Curvilinear — reach
1.5°C around 2028

Linear — reach
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—— Temperature trend Observed temperature change since pre-industrial times IPCC "likely™ estimate IPCC projections

Copernicus 2024



<= e Australia: record temperatures

Annual mean temperature anomaly
Alustralia [1910 to 2023}
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Uﬁ}ivtg;g'ty Extremes almost everywhere, all the time

Annual mean temperature percentage area in decile 10
Australia (191Q to 21].23}

Australian Bureau of Meteom gy
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= 5" Frost risk increasing in SE Australia
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Crimp et al. 2016



=, f&ea”  Drying trends in the SW and SE
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Cool season (Apr-Oct) rainfall
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<=, Mea” Change in pressure systems: Australia

Trend in Annual Anti-Cyclone Density 1970-2023
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Trend in Annual Anti-Cyclone Density 1970-2023 rend in Annual A Lensily

Australian .
«=p Naond  Change in pressure systems:
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= vt The rainfall-temperature operating envelope

Pre-1950’s
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Rainfall-temperature operating envelopes
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<. " A changed operating environment
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<= fde"  Further changes in operating environments
2030 and 2050
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nafondl — Acceleration of the water cycle

* The global water cycle is accelerating at about twice the rate
iIndicated by the global climate models

» Generating both increased drought risk and flood risk
- increased soil moisture variability
 Rainfall intensity has increased

- 40% increase in the Sydney basin for the critical sub-hourly
time-scale

* Increased dryness of the air

* [In SW and SE Australia, observed reductions in river flow are
similar to those projected by models for 2050 or later

Sohail et al. 2022, Yu et al. 2020, van Dijk et al. 2023, Ayat et al. 2023, Yin et al. 2023, Hammond et al. 2022



<, " MDB flows: historical

Reduction in long-term average inflows to the River Murray

45,000
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MDBA 2020



Australian

=, d" Climate changes drag back global ag productivity
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« Global average agricultural productivity reduced by 21%

Ortiz-Bobea et al. 2021



=, foa” Fire risk is increasing
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 Clear fingerprint of climate change
- Fire season has extended
- Fire intensity and frequency have increased

- Days of high fire danger have increased
- Affected area has increased

Canadell et al. 2021, Oldenborough et al. 2020



= " Emission trajectories: challenging

a) Net global greenhouse A . o
. % gas (GHG) emissions . Limiting warming to 1.5 °C

. e Global GHG emissions peak
Implemented policies before 2025, reduced by 43%
l—r gatlonally Determined . l{ by 2030.
ontributions (NDCs)
| /‘/ \\ *\’a"ge'“"*" « Methane reduced by 34% by

| 2030

|« Most pathways overshoot

Limiting warming to around 2°C

® Gigatons of CO,-equivalent emissions (GtCO,-eq/yr)

o Global GHG emissions peak
before 2025, reduced by 27%
by 2030.

IPCC 2023
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«=p Naend  [Mlany emission-reduction options
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Many options available now in all sectors can together substantially reduce net emissions by 2030.

Mitigation options Potential contribution to net emission reduction (2030) (GtCOx-eqyr')
- 0 2 4 6 8
Very large potential to cut
Solar energy
Bioelectricity o —
ol

Energy
|

Nuclear energy

emissions, globally e

Carbon capture and storage (CCS) —
Bioelectricity with CCS ——
Reduce CHs emission from coal mining ———

|

- options for 50% emissions A e

Reduce CHs and N0 emission in agriculture —

. . L ol 3| Reduce conversion of natural ecosystems
reduction iIdentifie | T e e
< | Forest management, fire management E——

Reduce food loss and food waste

R —_—
< Shift to sustainable healthy diets —_—
CO St I n g - e q Avoid demand for energy services J—
2 Efficient lighting, appliances and equipment —
New buildings with high energy performance . oEEm——

Buildings

Onsite renewable production and use —_—
L Improvement of existing building stock -
Large potential at very low costs =i =
Fuel efficient light duty vehicles —
Electric light duty vehicles J—
Shift to public transportation o —
§ | shiftto bikes and e-bikes -
2| Fuel efficient heavy duty vehicles ——
- a O t e to ta a t CO St Z | Electric heavy duty vehicles _— I <0 (USD tCO-eq”)
Shipping — efficiency and optimization —— 0-20 (USD tCO-eq”)
Aviation — energy efficiency gl :
<US$20/tCO = —Hee
2 - e q Energy efficiency _— I 50-100 (USD tCOx-eq”)
Material efficiency —— I 100-200 (USD tC0O-eq")
| Enhanced recycling [— No costs could be
g Fuel switching (electr, nat. gas, b ay, Ha) allocated currently
] Ll ] B | Feedstock decarbonisation, process change J—
Synergies with adaptation and " =o=aieEe S — e
Cementitious material substitution — to the total potential
Reduction of non-CO; emissions ad huts
= « [ Reduce emission of fluorinated gas - — Z::z::::zr;imn
s u s a I n a e eve o m e n % Reduce CHs emissions from solid waste — .
© | Reduce CH, emissions from wastewater .-

Y

2 4
Potential contribution to net emission reduction (2030) (GtCOzeqyr')

Figure SPM.7: Overview of mitigation options and their estimated ranges of costs and potentials in 2030

IPCC 2023
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Cost (32020/MWh)

Adoption (GW)
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Reducing GHG emissions: many options

Beef

[Lamb

Farmed
shrimp

Fggs

Farmed
fish

Tofu
Beans
Peas
Nuts
Sum of all

protein-rich
foods

Producing 100 grams of protein from beef
emits 25 kilograms of CO_eq, on average.

But this ranges from %kg (10th percentile)
to 105 kgCO_eq (90th percentile) .

The dairy sector provides half of the world’s beef.
| This beef creates 60% lower emissions than dedicated beef herds.
k

=i |
 —————— R ...

Average emissions = 20 kgCO,eq
|

10kgCO_eq

hicken, and 86% of eggs are produced intensively.
ly similar whereve ey are in Lthe wor ld
. Feed and excreta at the bottom of warm, unaerated
3:5 S -an crez 3 a 3
fish ponds can create more methane than cows.
b6
Only a fraclion of Lhe soy used Lo make Lofu and ¢ nilk is linked eslalion.
More than 96% soy from South America ends up nimal feed or « oil.

Symbiotic bacteria fix nitrogen in the roots of legumes, meaning
they need little or no nitrogen fertilizer, leading to low emissions.

Y Many nut producers are carbon negative — even after accounting for other emissions and transport
Q
8

-y

% of prolein produclion creales belween
and 11 kg CO_eq per 100g protein.
L

| his is because today, tree nuts are expanding onto cropland, removing CO,, from the air.

25% of production (between 11 and 250 kg C():eu) generales 70% of emissions from protein.
In total, this is equivalent to b billion tonnes of CO_eq — this is more than the EU’s total emissions.

3 L
t >

i
10 20 30
Greenhouse gas emissions per 100 grams of protein
(kilograms of carbon dioxide equivalents: keCO._.eq)

There are
many options
to get the
goods and
services we
want but with a
much lower
GHG footprint

www.ourworldindata.org
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naiond  Changed rainfall, temperature & water

Temperature (4°C scenario) Rainfall at 4°C

0051 152 25 3354455 556 657 > e I

Change (°C)

Change (%)

Drier Wetter

« Heat-related health issues (heat stress, vector- and food-borne disease, air
pollution, mental health etc)

« Impacts on the food and energy systems (both supply and demand)
* Impacts on natural systems

« Sea level rise etc etc
IPCC 2021
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i Heat stress frequency: global

Historical

0 50

100 150 200 250 300 350
Number of days per year above deadly threshold

Mora et al. 2017
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Violence increases with temperature

Daily violent crime count

304

204

= Domestic viclence == Mon-domestic violence

Sexual assault

Inside

Outside
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30 40 10 20
Mean maximum temperature °C

30

40

Stevens et al. 2023



= 5" Changed rainfall, temperature & water

Temperature (4°C scenario) Rainfall at 4°C

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 >
Change (°C)

Warmer

« ENSO-based rainfall variability likely to increase

* Sub-tropical ridge intensification and storm track suppression

« Rainfall intensity increase with implications for flooding and erosion
* Increased variability of soil moisture

IPCC 2021
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=0 Niod - Drought becomes much worse: global
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R X
YL

o * Food prices likely

i to increase

 Food trade

increase due to
variability in
supply

» Competitive
advantage to
those who adapt

NN (Days per year) best

\
-20 -1 12 08 05 -03 -01 041 03 05 08 12 16 20

i

Pokhrel et al. 2021
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% change in runoff per °C




= e MDB flows: historical and projected

Reduction in long-term average inflows to the River Murray

45,000
Average flow
40,000 to 1999/2000 Average flow
11,234 G[Iy last 20 years
3,000 : 6,841 GUy
30,000 : :
£ 15000 :
20,000 . :
15,000 : g
- —:-E-L—; _________________
10,000 . S
5,000 I
° ® * ® L *%
g [ ]
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 00 2018 2030 2050 2080
Annual flow volume === Average flow to 1999/2000 === Average flow last 20 years @ Driest 10% of years

MDBA 2020; CSIRO 2021



Australian

<, tw”  Past and future fire changes
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Fire Weather index Fire Weather season length
Southeast Australian Forests Southeast Australian Forests
100
11
*4
757 100 ~

50 1

1 I 1 1 1 1 I 1
1850 1900 1950 2000 2050 2100 1850 1900 1950 2000 2050 2100

Jones et al. 2022, Cai et al. 2022
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Uﬁit\‘,%?gi'ty Many potential adaptation responses
» Planning
 [nfrastructure

° PF f (,/{/;:?e .

1

« Finanteé and insurance ?



. Climate change is a bit like a train
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@ProfMarkHowden
mark.howden@anu.edu.au

+61 2 6125 7266

Vice Chair, IPCC Working Group |l

Every year matters
Every half a degree matters

Every choice matters
Howden and Colvin 2018


mailto:mark.howden@anu.edu.au

«= fded” Things you can do

» Assess your own footprint and commit to others to change what
makes sense for you

« Be influencers: talk with your heart and head to the people you know
(especially those who are not engaged)

« Widen your audience: talk to people you don’t know (yet)
 Emphasise urgency and integration. It is supported by the science

« Challenge the social licence of those who are a big part of the
problem

« Take individual action but push expectations up to industry and
government

* Be kind to allies — it needs many voices and perspectives. We are all
in this together

Thanks to Helen Oakey
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