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What are emergent constraints?
A method to constrain a real world unknown using model ensembles and observations

Each dot is a 

different climate 

model

Observable measured in real world

Emergent relationship: Low dimensional relationships in model 

ensembles between something that one can measure in the 

real world (trend or variation, x axis) and something you want to 

know for the real world (Earth system sensitivity, y axis)

Emergent constraint: Emergent relationship combined with 

value of observable in real world implies a constraint on real 

world value of Earth system sensitivity

Snow albedo feedback (SAF) - Hall, A. & Qu, X. Using the current seasonal cycle to constrain snow albedo 

feedback in future climate change. Geophysical Research Letters 33 (2006).



Emergent constraints found
Since the snow albedo feedback emergent constraint many more have been found.

Emergent constraints on:

• Climate sensitivity 

• Carbon cycle 

• Cloud feedbacks 

• Cryosphere

• Hydrological cycle

Comprehensive table in Rev. Mod. Phys. 

(in press)/arXiv:2012.09468.



How might (low) dimensional emergent relationships appear in 
ensembles of complex models?...

…given climate models (and the real world) have very high dimensional parameter spaces 
and their responses are generally functions of all these parameters?

Null hypothesis: They occur by chance and are not indicative of a deeper, predictive 
mechanistic relationship – This is a real danger in small ensembles of models with large 
numbers of outputs (Caldwell et al, 2014)

• Dangers of data mining and p-hacking

• Statistical errors/assumptions

Non-null hypothesis (!): They are indicative of an approximate, deeper mechanistic 
relationship

• Certain responses may be dominated by a few degrees of freedom – effective dimension 
reduction. 

• Can happen when a particular response becomes sensitive (close to an instability for 
example) or when the range of values of one process in the model ensemble is large 
relative to the other processes controlling that response.

• Other parameters are relatively weakly coupled to that response.



How might ECs go wrong and how to 
guard against it?

• Chance relationships: Guard against using predictive theoretical basis for 
emergent relationships that can be independently falsified 

• Overconfidence in constraints: Guard against by taking into account all 
sources of uncertainty 

• Missing processes/feedbacks in latest models
• Compensating errors in models
• Errors in observations/observations not directly comparable to model 

outputs

Emergent constraints can be a powerful tool to reduce uncertainty and 
promote understanding of the important processes in a variety of climate 

projections provided one is aware of the possible pitfalls

Awareness and understanding of these pitfalls should lead to EC research 
becoming more rigorous and more useful





Summary

• Emergent constraints can be a powerful tool to reduce uncertainty 
and promote understanding of the important processes in a variety 
of climate projections provided one is aware of the possible pitfalls

• Awareness and understanding of these pitfalls should lead to EC 
research becoming more rigorous and more useful

• One way to make ECs more rigorous is to base them on testable, 
simplified models

• This should also allow a better understanding of the important 
processes in complex climate models and ultimately the real world

• These models imply a fundamental link between climate sensitivity, 
climate variability and climate trends
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