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Uncertainty in projections of future climate

Fractional uncertainties in global, 
decadal mean temperature from CMIP6
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Changes in the distribution of uncertainty
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Changes in the distribution of uncertainty
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How to quantify (and reduce) model uncertainty?
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Emergent constraint: 
models with too much 
historical warming show 
higher TCR%



Uncertainty in projections of regional climate
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A weighting scheme that can be applied 
global or regional
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Weighting climate models by regional performance
Is a model “fit for purpose” given a specific target?
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September Arctic sea ice extent in CMIP5 
historical / RCP8.5 runs and observations. 
Massonnet et al. (2012)

We might want to trust models less if they 
are “far away” from observations
→ weighting by performance



A word about model independence
• Multi-model studies often draw on all available 

models
• the CMIP multi-model ensembles are not designed to 

only include independent models (‘ensembles of 
opportunity’)

◦ Several models are closely related (one different 
component, resolution)

◦ Models have been branched from each other
◦ Some models share components

→ weighting by independence

Lukas Brunner et al. | 10

Edwards (2010)



Weighted changes in Mediterranean summer temperature
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Weighted Mediterranean summer 
temperature anomaly (relative to 1995-2014) 
based on 37 CMIP5 models (79 realizations). 
Brunner et al. (2019) 

● weighted distribution shows 
stronger warming 

● The interquartile range is reduced 
by 24% by the end of the century 



Does the weighting improve projections?

From weather forecasting: “What Is a Good Forecast?” Murphy (1993)

• Accuracy: level of agreement between forecast and truth
• Skill: accuracy relative to a reference forecast
• Reliability: average agreement between forecasts and truth
• Sharpness: tendency of the forecast to predict specific values 

(counter-example: the climatology has no sharpness)

• Consistency: forecast is consistent with prior knowledge
• Value: degree to which the forecast helps decision makers
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Does the weighting improve projections?

What Is a Good Weighting? - we don’t know the ‘truth’

✘ Accuracy: level of agreement between weighted projection and ‘truth’
✘ Skill: accuracy relative to the unweighted projection
✘ Reliability: average agreement between weighted projections and ‘truth’
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✔ Sharpness: tendency of the weighted projections to reduce model uncertainty 
compared to the unweighted projections

? Consistency: is weighting consistent with other methods
✔ Value: degree to which the weighted projection helps users



Consistency: is weighting consistent with other methods?

No coordinated framework to compare 
methods exist. 

They might differ for a range of reasons 
independent of the methods itself:

• region (global vs Europe)
• season and time period
• models included 
• uncertainties included…
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Comparing (top) methods and (right) 
apples and oranges right: CC-BY M. Johnson



A consistent framework for method comparison
• 8 groups contributing methods to 

quantify uncertainty
• European temperature & precipitation 

changes in 8 regions
• winter (DJF) and summer (JJA)
• same horizontal resolution
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Atlas of regional changes
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https://eucp-project.github.io/atlas

https://eucp-project.github.io/atlas/


How should this information be handled by users?
Our results raise a number of questions about how information from 
multiple methods can be communicated, combined, or applied, in 
particular for cases where constrained distributions disagree. 

• considering the decision context
• using agreeing methods 
• combining methods outputs 
• combing methods before applying them 
• selecting methods based on a consistent skill measure 
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How should this information be handled by users?
Our results raise a number of questions about how information from 
multiple methods can be communicated, combined, or applied, in 
particular for cases where constrained distributions disagree. 

• considering the decision context
• using agreeing methods 
• combining methods outputs O’Reilly et al. (in preparation)

• combing methods before applying them Hegerl et al. (2021)

• selecting methods based on a consistent skill measure 
O’Reilly et al. (in preparation)
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Summary and outlook
• The importance of model uncertainty depends on the case
• Different methods exist to constrain regional climate uncertainty
• These methods provide multiple lines of evidence but they are not 

always consistent
• Work is ongoing to provide objective method skill measures

Resources:

• Atlas: https://eucp-project.github.io/atlas
• Storyboards: https://eucp-project.github.io/storyboards
• KCC (Bayesian constraining): https://saidqasmi.shinyapps.io/bayesian
• ClimWIP (Model weighting) implementation on ESMValTool: 

https://docs.esmvaltool.org/en/latest/recipes/recipe_climwip.html 
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