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1) Teleconnections: Different regimes
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PNA

PSA

ERA20C_ERA5 1900-2014

CVDP-LE, Phillips et al., (2020)

1) Tropical Pacific drives same-sign 

tropical Atlantic.

PDV+ drives AMV+

Contributions from the tropical Walker 
circulation

.. and extratropical teleconnections
(PNA, PSA)

2) Tropical Atlantic drives opposite-sign 

tropical Pacific.

●AMV+ drives PDV-

●Mainly through the tropical Walker circulation

PNA

PSA

Meehl et al. (2021)



Methodology : Regime-oriented causal discovery setting
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PCMCI+ (Runge, 2020) is part of
the TIGRAMITE Package:
https://github.com/jakobrunge/tigramite/

Karmouche et al. (2023) 
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Sanity Check: Pattern Correlations (OBS vs CMIP6 LEs)
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●Some models clearly fail to simulate the PSA1 
patterns
(blue boxes)

●One model shows large disagreement for PDV and 
PNA (purple and red boxes)

●Overall, the CMIP6 Large Ensemble (LE) models 
are able to simulate the observed spatial patterns
of the four modes (most boxers are narrow and high)

Sanity Check: Pattern Correlations (OBS vs CMIP6 LEs)



Reanalysis (Reference Causal Networks)
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●Opposite-sign response (blue link) from AMV to PDV

●Atlantic and Pacific teleconnections to PNA during several regimes.
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Complete Period

CMIP6 LE Intra- and inter-model comparisons
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CMIP6 simulations – Model Summary  CanESM5
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Out of Phase Regime

CMIP6 LE summary
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CMIP6 compared to Reanalysis

Mean score of pattern correlations vs F1-score

Spatial Patterns vs Causal Fingerprints
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● Clear red PDV – PNA links detected in most simulations

● A good fraction detect blue AMV → PDV links

CMIP6 LE model (CanESM5, 65 members)
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CMIP6 models
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