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Introduction
Performance-based weighting

How can we validate added skill from model weighting?
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● Validation assumptions
▸ Models matching past observations ⇒ better future skill (?)
▸ Models with better pseudo-observation predictive skill ⇒ better real-world skill (?)

● Decadal predictions: we can make hindcasts!
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Prediction skill
Analogue-based predictions 2

● Analogue-based initialisation (ABI)
▸ select analogues from large ensembles by minimising distance to observations
▸ track this sub-ensemble for the next decade
▸ repeat for any start date
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● Analogue-based initialisation (ABI)
▸ select analogues from large ensembles by minimising distance to observations
▸ track this sub-ensemble for the next decade
▸ repeat for any start date

● Combine (1) initial error minimisation 
        (2) performance criteria 

⇒ sub-ensemble selection

Prediction skill
Analogue-based predictions 2
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Prediction skill
Pseudo-observations hindcasts

● Focus on decadal (1-10 year) SST 
predictions.

● A novel performance-weighting metric: 
the deviance (D)
⇒ ABI vs. ABID

● Trade-off: initial error vs. performance

● We calibrate the deviance penalties in 
pseudo-observation experiments across
316 CMIP6 ensemble members

● Avoids overfitting observations + 
Ensures robustness of calibration

● Larger skill differences in zones with more 
decadal predictability:
▸ Tropics (strongly positive)
▸ High-latitudes

● Low skill differences in zones with little 
decadal predictability:
▸ Mid-latitudes
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Prediction skill
Real-world hindcasts

● Hindcasting observational record 1930-2024
(86 different hindcasts start dates)

● Using model-calibrated performance weights

● On average, slightly improved prediction skill from 
model weighting
⇒ contrasts with pseudo-observations

● Here also, skill differences concentrate in tropics 
and at high-latitudes

● Performance-weighted and unweighted ensembles 
share, on average, 23.7/30 analogues per hindcast
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Prediction skill
Skill sampling variability

● Sub-sampling the 86 possible hindcasts
● Does skill gain from model weighting depend on the number of hindcast verifications?

▸ Tendency of increasing skill gain
▸ High variability (one can be unlucky)
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Conclusions
Lessons drawn regarding model weighting 

(A)  Pseudo-observation skill does not necessarily translate into increased real-world skill.

(B)  Robustly identifying skill gains from model weighting is challenging.
(1)  Limits on intrinsic climate predictability
(2)  Inherent similarity of unweighted and weighted ensembles
(3)  Skill evaluation metrics are prone to sampling uncertainties
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Applying deviance analysis to SST realisations from 523 ensemble members (39 models)

Total 
deviance

Noise 
covariance 
deviance

Dynamics 
deviance

Radiative 
forcing 
response 
deviance
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