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The signal of anthropogenic climate 
change is emerging progressively from 
the background of natural variability.

Emergence is seen on multi-annual and 
longer timescales and is becoming ever 
more apparent on smaller spatial scales 
and in a greater range of variables. 

Yet capabilities for quantitative 
explanation and prediction of changes 
on these timescales are exceedingly 
primitive (e.g. “hiatus”)

We are particularly poor at explaining 
changes in dynamical variables, e.g. 
atmosphere and ocean circulation.

Hawkins et al, GRL, Observed emergence 
of the climate change signal: from the 
familiar to the unknown, 2020 



• The formulation of robust policies for mitigation of, and 
adaptation to, climate change requires quantitative 
understanding of how and why specific changes are 
unfolding in the Earth system. 

• Quantitative process-based explanation (attribution) of 
observed changes is essential for quantifying current risks 
and fundamental to confidence in climate predictions and 
projections. 

WCRP Lighthouse Activity on Explaining and 
Predicting Earth System Change

Motivation
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• To design, and take major steps toward delivery of, 
an integrated capability for quantitative observation, 
explanation, early warning and prediction of Earth 
System Change on global and regional scales and 
multi-annual to decadal timescales.

Overarching objective

Changes in ocean and atmosphere 
circulation a specific focus  
– key issue for adaptation.



Headline output: quantitative explanation 
of Earth System change

These headline reports currently 
include virtually no information on 

the attribution/explanation of 
multiannual to decadal changes in 

the Earth System



Headline output: quantification of current 
and future weather and climate hazards

• Where can specific hazards occur?
• How are hazard locations and other properties modulated by natural 

variability on interannual to decadal timescales, and how predictable 
are these modulations?

• How has climate change affected the distribution and other properties of 
specific hazards and what further changes should we anticipate? 

Figure from 
Pier Luigi 

Vidale
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WG1: Monitoring and modelling Earth System Change

• Case studies
• Convergence between climate modelling and Earth system DA & reanalysis
• Uncertainty quantification & observing system design
• Innovation in model development

WG2: Integrated attribution, prediction, projection and early warning
• Need for large ensembles with single forcings to advance attribution and explore potential 

nonlinearities. Collaboration with DAMIP and SMILE communities.
• Circulation change (including “signal-to-noise paradox”)
• Case studies 
• Contribute to WMO State of Global Report & Global Annual to Decadal Climate Update

WG3: Assessment of Current and Future hazards
• Focus here on classes of events rather than individual events 
• Understanding the natural and anthropogenic drivers of changing hazards in different regions
• Need for large ensembles and high resolution
• Extending “event attribution” methodologies
• Collaboration with My Climate Risk & RifS

Some emerging priorities



https://wcrp-epesc.sciencesconf.org/


