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SMYLE Pacific Decadal Oscillation (PDO) predictions have seasonality
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Meeker et al. (in revision at GRL)
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First-order Auto-Regressive Model (AR1):

Can SMYLE beat an AR1 Model fit to the observed PDO?
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𝑃𝑃𝑡𝑡 = 𝛼𝛼𝑃𝑃𝑡𝑡−1 + 𝜂𝜂𝑡𝑡

PDO Lag-1 autocorrelation
𝛼𝛼𝑃𝑃𝑃𝑃𝑃𝑃 = 0.91

Predicted PDO 
state at time t

Previous PDO 
state at time t-1

White noise
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SMYLE skill is better. But is it 
significantly better?

Can SMYLE beat an AR1 Model fit to the observed PDO?
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SMYLE uncertainty using standard confidence intervals
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SMYLE & AR1 uncertainty using standard confidence intervals
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SMYLE & AR1 uncertainty using standard confidence intervals
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Problem: SMYLE and AR1 
predictions are not independent 
because they are verified 
against the same observations.
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Problem: SMYLE and AR1 
predictions are not independent 
because they are verified 
against the same observations.

Solution: Use a significance 
test which explicitly accounts for 
inter-model correlation.



Significance test explicitly accounting for inter-model correlation
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(Determinant of 3x3 Correlation Matrix)

(Has a Student’s t distribution with 𝑛𝑛 − 3 degrees of freedom)

𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and observations
𝑟𝑟𝑏𝑏𝑏𝑏: correlation between model B and observations
𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and model B
𝑛𝑛: number of samples

Siegert et al., 2017



Significance test explicitly accounting for inter-model correlation
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• Original: Hotelling (1940)
• Modified: Williams (1959)
• Suggested for psychological studies: 

Steiger (1980)
• Suggested for weather and climate 

prediction: Siegert et al. (2017)

(Determinant of 3x3 Correlation Matrix)

(Has a Student’s t distribution with 𝑛𝑛 − 3 
degrees of freedom)

𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and observations
𝑟𝑟𝑏𝑏𝑏𝑏: correlation between model B and observations
𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and model B
𝑛𝑛: number of samples



“Steiger” test outperforms standard test for correlated models
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Modified from Siegert et al. (2017)
(𝑟𝑟𝑎𝑎𝑎𝑎)
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Applying the test to SMYLE and AR1 PDO predictions
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1. Calculate 𝑟𝑟𝑎𝑎𝑎𝑎, 𝑟𝑟𝑏𝑏𝑏𝑏, and 𝑟𝑟𝑎𝑎𝑎𝑎
2. Calculate 𝑇𝑇2
3. Find 𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 for your significance level and 

number of samples (e.g., 𝛼𝛼 = 0.95,  𝑛𝑛 = 50)
4. If 𝑇𝑇2 > |𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐|, reject 𝐻𝐻0 (Determinant of 3x3 Correlation Matrix)

𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and observations
𝑟𝑟𝑏𝑏𝑏𝑏: correlation between model B and observations
𝑟𝑟𝑎𝑎𝑎𝑎: correlation between model A and model B
𝑛𝑛: number of samples

(Has a Student’s t distribution with 𝑛𝑛 − 3 
degrees of freedom)



SMYLE significantly outperforms AR1 from leads 4-13
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significant

not significant



SMYLE FEB has the longest lasting statistical significance
SMYLE NOV is insignificant (or significantly worse) at all leads
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significant

not significant



SMYLE NOV struggles to predict the PDO

06/11/25 Evan Meeker – emeeker2@wisc.edu 17



Inter-model correlation must be accounted for when 
comparing model prediction skill. (see Siegert et al., 2017)

SMYLE PDO prediction skill out-performs AR1 
predictions for FEB initialization from leads 4-13

NOV initialization does not significantly outperform AR1 
at any lead time.

Conclusions
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Full results to be published in GRL pending second review: 
Meeker et al., Seasonality of Pacific Decadal Oscillation Prediction Skill
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Questions?
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ACC (normalized RMSE)
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AR1+ENSO
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Perfect-ENSO



• Anomaly Correlation Coefficient (ACC)
• How well do predictions for a given lead 

correlate with observations?
• Doesn’t account for magnitude of error

Bookkeeping: ACC & AR1
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Bookkeeping: ACC & AR1
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𝑃𝑃𝑡𝑡 = 𝛼𝛼𝑃𝑃𝑡𝑡−1 + 𝜎𝜎𝜎𝜎𝑡𝑡

𝛼𝛼𝑃𝑃𝑃𝑃𝑃𝑃 = 0.91
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Lead time

AR1 PDO predictions
(one line per year)
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