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Earth’s Warmest Day

NCEP CFV2/CFSR, ClimateReanalyzer.org, Climate Change Institute, University of Maine
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2m Temperature World (90°S-90°N, 0-360°E)
NCEP CFSV2/CFSR | ClimateReanalyzer.org, Climate Change Institute, University of Maine
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Exploring emissions pathways and their 
impacts with the ACCESS-ESM and CABLE

1850-1900 is estimated to be around 13.7 degrees Celsius

June 2023 was 1.47°C warmer 
than preindustrial (1850-1899) 
June temperatures

June 2023

Temperatures



Gavin Schmidt 2020; Hausfather et al. 2020, Geophysical Research Letters

Is Climate Change Accelerating?
Forecast Evaluation of Models run in 2004



Where are we heading?



>4°C

1.5°C



Canadell et al. 2021-IPCC WGI AR6 Chapter 5; Friedlingstein et al. 2022, ESSD; Global Carbon Project 2022
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Updated from Fuss et al. 2016, Nature Climate Change



2022

GCP: Historical Data



2.5°-3°C

Rogelj et al. 2023, Science (adapted by CarbonBrief)



2.5°-3°C
Disaster Confirmed

Disaster Avoided?

<2.0°C

Rogelj et al. 2023, Science (adapted by CarbonBrief)



Rogelj et al. 2023, Science (adapted by CarbonBrief)



Rogelj et al. 2023, Science (adapted by CarbonBrief)

Current policies

2.6°C (1.7°-3.0°)
10% of >3.3°C – Earth System Uncertainties

Central estimate by 2100



Rogelj et al. 2023, Science (adapted by CarbonBrief)

Current policies and 

high credibility zero targets                              

2.4°C (1.8°-3.0°)
10% of >3.0°C



Rogelj et al. 2023, Science (adapted by CarbonBrief)

Current policies and 

all zero targets                                                

1.7°C (1.6°-2.0°)
20% of >2.0°C



Summary so far

1. We are not tracking the IPCC worst case scenario of 
>4°C by 2100.
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Summary so far

1. We don’t seem to be tracking the IPCC worst case 
scenario of >4°C by 2100.

2. For the first time ever, we are discussing the possibility 
to stay within the Paris Agreement of <2°C based on 
firm policies, loose commitments, and some bla-bla-bla.

3. The 1.5°C target is at best achievable with an overshoot.

4. We are not out-of-the-woods and global temperatures 
can still end up ≥3°C by 2100.



Beyond Tracking Scenario Means 

• Uncertainty range and distribution tails

• Compound events (e.g., droughts & 

heatwaves) 

• Long-term impacts (>100 years) 

Current models fall short in doing a good job in regional 

climate extremes and compound events



Global Surface Temperature 
(compared to 1850-1900)

IPCC 2021, AR6 WGI, Summary for Policy Makers

2030 2050



Sea Level Rise

+30-60cm

IPCC 2021, AR6 WGI, Summary for Policy Makers

20cm



IPCC 2021, AR6 WGI, Summary for Policy Makers

Sea Level Rise
2300

2100



IPCC 2021, AR6 WGI, Summary for Policy Makers

Sea Level Rise
2300

2100



1
9
5
0
-2

0
1
9

1
9
2
0
-2

1
0
0

Sanderson et al. 2020, Nature Climate Change

2019

Black Summer Fires 
(compounded events: 
drought+heatwave)

Earth System Models 
have limits to represent 
extreme and compound 

events  

New South Wales



The Rise of Mega-Forest Fire Seasons

Fire year

1935 19401945 1950 19551960 1965197019751980 1985 1990 199520002005 2010 2015 2020

A
re

a
 b

u
rn

e
d

 (
k
m

2
)

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000
TAS 
WA 
SA 
QLD 
VIC 
NSW+ACT

NIAFED

MODIS

AVHRR

>1Mha >1Mha

>1Mha

>1Mha

Canadell et al. 2021, Nature Communications Fire Regime Shift



1. We need to prepare for possible high temperatures (≥3°C) 
and climate impacts based on the type, number and strength 
of current policy commitments, clearly insufficient.
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Final Wrap Up

1. We need to prepare for possible high temperatures (≥ 3°C) 
and climate impacts based on the type, number, and strength 
of current policy commitments, clearly insufficient.

2. We need to consider the high-end members of model 
ensembles for a given scenario and the tail ends of 
distributions of extreme/compound events, often not well 
capture by models at the relevant spatial scales. 

3. We will see a narrowing of the broad range of possible futures 
over time as governments and industry develop more 
stringent climate policies. However, both science and civil 
society must play a key role in tracking progress, and demand 
higher transparency and accountability. 



Thank you

Pep Canadell

pep.Canadell@csiro.au

@pepcanadell

National Environmental 

Science Program
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We have made the 
Carbon Budget larger

Spend Now / Pay Later
- negative emissions -

2030 20502040
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