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Replaying extreme events in different climates



Related work



Background



Extreme events in a warming world



Storylines: A heatwave example

Weather forecast for 25 July 2019

How would this day “look like“ in a +2K, 
+3K and +4K warmer world?

How would this day have “looked like“ in 
pre-industrial times?



The jet stream



The approach
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• Take  a coupled climate model for which
climate change simulations are available 
(e.g. CMIP6 and DestinE)

• Repeat for +4K World (≈ 2093)

• Repeat for pre-industrial climate (≈ 1850)

• Rerun the model for present-day climate 
in which upper tropospheric winds are 
spectrally nudged to ERA5 (1 Jan 2017 to 

today), keeping everything else untouched

• Repeat for +2K World (≈ 2042)



The July 2019 heatwave in different worlds

Present-day Pre-industrial +4K warmer world

Sanchez-Benitez et al., J. Climate (2022)



Near-realtime storylines



Near-realtime storylines

https://climate-storylines.awi.deAthanase et al. (2024b)



Impact of climate change in Bonn
Near-surface temperature (Bonn) 

Pre-industrial
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Temperature evolution in Bonn
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Marine heatwaves

Athanase et al. (2024a)



Central European floods in September 2024



Central European floods in September 2024

ERA5 IFS-FESOM (9 km) + nudging

John et al. (2025)



Central European floods in September 2024

ERA5 IFS-FESOM (9 km)High-Res Obs (MSWEP)

Accumulated precipitation 12–16 September 2024
John et al. (2025)



Central European floods in September 2024
1950s climate Present-day +2K

John et al. (2025)



Central European floods in September 2024

Visual storytelling



Central European floods in September 2024

Visual storytelling



But is the jet stream not changing?

Montfort et al., in preparation
Average over 150-years of data

Total change

Thermodynamic change Dynamic change



Other applications: Model error diagnosis

T2m at MOSAiC during a warm air intrusion in April 2020 (target observing period)

Pithan et al. (2023)



Key points

• Storylines provide a promising (additional) way of looking into the future  
 Excellent analogues in space and time (”replaying works”)
 Make climate change and its impact more tangible (“pictures of the future)
 Separate thermodynamic from dynamic uncertainties

• Other interesting applications
 Facilitates coupled climate model evaluation (field campaigns)
 Understand the physics of climate change (e.g., marine heatwaves)

• Some exciting ongoing developments (Destination Earth)
 Operationalisation, including realtime capabilities
 Km-scale global configurations
 End-to-end with impact models
 AI-based versions
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