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IPCC Special Report on Extremes and AR6
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Current approaches to forecasting weather-
induced extremes



Predict then act
RANK STRATEGIES CONTINGENT ON CHARACTERIZATIONS OF UNCERTAINTIES

Characterize 
uncertainty

Rank alternative
Strategies

Conduct sensitivity
analysis

After Lempert and Groves 2006, and many others on Robust Decision Making
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ECMWFs Flood Warning System

https://confluence.ecmwf.int/display/COPSRV/EFAS+sub-seasonal+and+seasonal+forecasting
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Slingo et al Nature Clim Change 2022
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Advantages:
High-end model infrastructure and domain scientific knowledge

Quality controlled data 

Probabilistic information (allows for quantitative risk assessment)

Challenges: 
Representing extremes in simulations and data

Model accuracy and reliability, with cascading uncertainties

Latency in chain from observation to decision

Huge data volume, but limited use of disparate data

In the current situation user comes in at the very end !



Societal choices and actions in the next decade 
determine the extent to which pathways will 

deliver climate resilient development

Abbreviated quote from IPCC AR6



Fossil fuel development

Regional Rivalry

Middle of the road

Sustainability
PV implementation, Prof. van Sark



Sea level rise

IPCC AR6
&
Update vd Wal et al 2022
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Deltares
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M. Haasnoot
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Alternative Approaches 
and Concept of Digital Twins



Changing the workflow
CHARACTERIZE UNCERTAIN VULNERABILITY CONTINGENT ON PROPOSED STRATEGY

Identify/Propose 
strategy

Identify 
vulnerabilities

Identify and assess
options for reducing
vulnerabilities

After Lempert and Groves 2006; and many others on Robust Decision Making
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Models : abstractions 

Digital Twins: replicas  

complexe models can be digital twins
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Some characteristics of Digital Twins
Accurate and reliable simulators 
convection resolving weather and ocean models

Full integration of data and simulators with a systems approach
integrating physical and social dimension; including data-driven approaches (AI/ML)

User interaction with low latency 
flexible steering allowing for ‘what if’ scenarios

Bring together science, technology, and users
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Destination Earth

DT family of weather-induced, climate and 
geophysical extremes
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Bauer, Stevens, Hazeleger, NCC, 2020
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Enabled by digital technology:
The exascale (1018 flops) era arrived
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Global kilometer-scale and non-hydrostatic 
ensemble simulations are on the horizon
Data-driven and physics aware methods 
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Remaining challenges
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Persistant biases in 
climate models

High resolution repairs 
some, but not all 

Fiedler et al 2020 (WMR), Segura et al submitted
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Technology

Flexible user steering
Replicate integrated systems

Low latency
Data – model fusion across systems 

à federated & integrated data and compute infrastructure 
at extreme scale where user steers

New software and hardware platforms needed
(EuroHPC, ESA, ECMWF etc don’t do the job…yet)
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A real human dimension

Proximate and distant social worlds are impacted by social and 
physical worlds, but also contribute to shaping it. 

I.e. human behavior is part of feedback loops.

There is an epistemic stance of naieve realism. I.e. response of 
behavior is seen as objective, but trust is essential. 

The  interaction with digital tools matter.

Finkenauer, pers comm
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Streamed data availability
‘climate Netflix’

Many access same data, extract and process data that is produced on the fly 



Climate Navigator;  ‘ClimClim’

Navigate your way in future climates and physical and social virtual realities 
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but no rights can be derived from its contents.
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Geoinformation Digital Twin
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Destination Earth: Core Platform


