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S1. Model Details

Table S1: The models used in this study, with the length of the dataset (in years), whether the barotropic
streamfunction is available and the relevant references

Model Length msftbarot Reference
ACCESS-CM2 500 X Dix et al. (2019)
ACCESS-ESM1-5 900 Ziehn et al. (2019)
BCC-CSM2-MR 600 X Wu et al. (2018)
BCC-ESM1 165 X Zhang et al. (2018)
CAS-ESM2-0 549 Chai (2020)
CESM2-FV2 500 X Danabasoglu (2019a)
CESM2-WACCM-FV2 500 X Danabasoglu (2019b)
CESM2-WACCM 499 X Danabasoglu (2019c)
CESM2 1200 X Danabasoglu et al. (2019)
CMCC-CM2-SR5 500 X Lovato and Peano (2020)
CMCC-ESM2 250 X Lovato et al. (2021)
CNRM-CM6-1-HR 300 Voldoire (2019)
CNRM-CM6-1 500 Voldoire (2018)
CNRM-ESM2-1 500 Seferian (2018)
CanESM5-1 501 X Swart et al. (2019b)
CanESM5 1000 X Swart et al. (2019a)
E3SM-1-0 500 Bader et al. (2018)
E3SM-1-1-ECA 165 Bader et al. (2019)
E3SM-1-1 165 Bader et al. (2019)
E3SM-2-0-NARRM 500 Bader et al. (2022)
E3SM-2-0 500 Bader et al. (2022)
EC-Earth3-AerChem 311 X EC-Earth Consortium (EC-Earth) (2020a)
EC-Earth3-CC 505 X EC-Earth Consortium (EC-Earth) (2021)
EC-Earth3-LR 201 EC-Earth Consortium (EC-Earth) (2019c)
EC-Earth3-Veg-LR 501 X EC-Earth Consortium (EC-Earth) (2020b)
EC-Earth3-Veg 500 X EC-Earth Consortium (EC-Earth) (2019a)
EC-Earth3 501 X EC-Earth Consortium (EC-Earth) (2019b)
FGOALS-f3-L 500 X Yu (2019)
FGOALS-g3 700 X Li (2019)
GFDL-ESM4 500 Krasting et al. (2018)
GISS-E2-1-G 851 X NASA Goddard Institute for Space Studies (NASA/GISS) (2018)
GISS-E2-2-G 151 X NASA Goddard Institute for Space Studies (NASA/GISS) (2019)
HadGEM3-GC31-LL 500 X Ridley et al. (2018)
HadGEM3-GC31-MM 500 X Ridley et al. (2019)
ICON-ESM-LR 500 Lorenz et al. (2021)
IPSL-CM6A-LR 500 X Boucher et al. (2018)
IPSL-CM6A-MR1 500 Boucher et al. (2023)
KIOST-ESM 500 Kim et al. (2019)
MIROC6 800 X Tatebe and Watanabe (2018)
MPI-ESM-1-2-HAM 780 X Neubauer et al. (2019)
MPI-ESM1-2-HR 500 X Jungclaus et al. (2019)
MPI-ESM1-2-LR 1000 X Wieners et al. (2019)
MRI-ESM2-0 701 X Yukimoto et al. (2019)
NESM3 500 Cao and Wang (2019)
NorCPM1 500 Bethke et al. (2019)
NorESM2-LM 501 X Seland et al. (2019)
NorESM2-MM 500 X Bentsen et al. (2019)
UKESM1-0-LL 1100 X Tang et al. (2019)
UKESM1-1-LL 107 X Mulcahy et al. (2022)
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S2. Convection Mechanisms
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Figure S1: The number of models (out of 47) for which a significant link is found (at the 5%-level) for lags of
up to 10 years. Blue circles indicate the number of rightward links following, i.e. from the row to the column
variable. For contemporaneous links orange triangles show links directed in leftward and both green crosses
and red plusses are links for which the direction could not be determined, either because the orientation rules
could not be applied or because they conflicted, respectively.
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Figure S2: The causal effect for each of the convection mechanisms links for all considered CMIP6 models.
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Figure S3: As Figure 3, but using the Labrador sea box to compute the variables.
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S3. Subpolar Gyre Variability Mechanism

Table S2: The models for which a link between two variables is found to be significant at the 5%-level.
Link Lag Significant Models
SPG→SSS 1 ACCESS-CM2, CESM2-FV2, CESM2-WACCM, CESM2, FGOALS-g3, GISS-

E2-1-G, GISS-E2-2-G, HadGEM3-GC31-LL
SSS→MLD 0 ACCESS-CM2, CESM2-WACCM-FV2, CESM2, CMCC-CM2-SR5, CMCC-

ESM2, CanESM5, EC-Earth3-CC, EC-Earth3-Veg-LR, FGOALS-f3-L, GISS-E2-
1-G, HadGEM3-GC31-LL, HadGEM3-GC31-MM, MPI-ESM-1-2-HAM, MPI-
ESM1-2-LR, MRI-ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-1-LL

1 BCC-CSM2-MR, BCC-ESM1, CESM2-WACCM, CMCC-CM2-SR5, CMCC-
ESM2, CanESM5, EC-Earth3-CC, MIROC6, MPI-ESM1-2-LR, MRI-ESM2-0,
UKESM1-0-LL

MLD→SubT 0 ACCESS-CM2, BCC-ESM1, CESM2-FV2, CESM2-WACCM-FV2, CESM2,
CMCC-CM2-SR5, EC-Earth3-AerChem, EC-Earth3, FGOALS-f3-L, FGOALS-
g3, GISS-E2-1-G, GISS-E2-2-G, HadGEM3-GC31-LL, HadGEM3-GC31-MM,
IPSL-CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MRI-
ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-0-LL

1 CMCC-ESM2, CanESM5, EC-Earth3-CC, EC-Earth3-Veg-LR, EC-Earth3-Veg,
IPSL-CM6A-LR, NorESM2-MM

SubT→Rho 0 BCC-ESM1, CESM2-FV2, GISS-E2-2-G, HadGEM3-GC31-MM, MPI-ESM1-2-
HR, NorESM2-LM, UKESM1-0-LL

1 CESM2-FV2, CESM2-WACCM, CESM2, CMCC-CM2-SR5, NorESM2-LM,
NorESM2-MM

Rho→SPG 0 EC-Earth3-AerChem, EC-Earth3, GISS-E2-1-G, GISS-E2-2-G, MPI-ESM1-2-
HR, MPI-ESM1-2-LR, UKESM1-0-LL

1 BCC-CSM2-MR, CESM2-WACCM, CESM2, CMCC-CM2-SR5, CMCC-
ESM2, EC-Earth3-CC, FGOALS-f3-L, GISS-E2-1-G, MIROC6, MRI-ESM2-0,
NorESM2-LM
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Figure S4: The number of models for which a significant link is found. In orange results including all 5
variables at once are shown as a robustness check, where in blue the results following the theoretical network
are given (i.e. including the two variables of a link X→Y and the parent Z of X (Z→X). For direct links there
are different markers (as in Figure 4), with the squares giving the sum of the right, undirected and unclear
links.
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Table S3: The models for which a link from a variable to itself is found to be significant at the 5%-level.
Link Lag Significant Models
SPG 1 ACCESS-CM2, BCC-CSM2-MR, BCC-ESM11, CESM2-FV2, CESM2-WACCM,

CESM2, CMCC-CM2-SR5, CMCC-ESM2, CanESM5-1, CanESM5, EC-Earth3-
AerChem, EC-Earth3-CC, EC-Earth3-Veg-LR, EC-Earth3-Veg, EC-Earth3, FGOALS-
f3-L, GISS-E2-1-G, GISS-E2-2-G, HadGEM3-GC31-LL, HadGEM3-GC31-MM, IPSL-
CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MPI-ESM1-2-LR, MRI-
ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-0-LL

2 BCC-CSM2-MR, BCC-ESM1, CESM2-FV2, CESM2, CanESM5-1, CanESM5, EC-
Earth3-AerChem, EC-Earth3-CC, EC-Earth3-Veg-LR, EC-Earth3-Veg, EC-Earth3,
GISS-E2-1-G, HadGEM3-GC31-MM, IPSL-CM6A-LR, MIROC6, MPI-ESM1-2-HR,
UKESM1-0-LL

3 BCC-CSM2-MR, BCC-ESM1, CESM2-FV2, CESM2, CMCC-CM2-SR5, CanESM5-
1, CanESM5, EC-Earth3-AerChem, EC-Earth3-Veg-LR, EC-Earth3-Veg, EC-Earth3,
FGOALS-f3-L, FGOALS-g3, HadGEM3-GC31-LL, HadGEM3-GC31-MM, IPSL-
CM6A-LR, MIROC6, MPI-ESM1-2-HR, MRI-ESM2-0, UKESM1-0-LL

4 CMCC-ESM2, CanESM5, EC-Earth3-CC, HadGEM3-GC31-MM, IPSL-CM6A-LR,
’MIROC6, MRI-ESM2-0, UKESM1-0-LL

5 CMCC-CM2-SR5, CanESM5-1, CanESM5, EC-Earth3-Veg, HadGEM3-GC31-LL,
’UKESM1-0-LL

SSS 1 ACCESS-CM2, BCC-CSM2-MR, BCC-ESM1, CESM2-FV2, CESM2-WACCM-FV2,
CESM2-WACCM, CESM2, CMCC-CM2-SR5, CMCC-ESM2, CanESM5, FGOALS-
g3, ’GISS-E2-1-G, GISS-E2-2-G, HadGEM3-GC31-LL, HadGEM3-GC31-MM, IPSL-
CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MPI-ESM1-2-LR, MRI-
ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-0-LL

MLD 1 ACCESS-CM2, BCC-ESM1, CESM2, CMCC-CM2-SR5, CanESM5, EC-Earth3-
AerChem, EC-Earth3-CC, EC-Earth3, HadGEM3-GC31-LL, HadGEM3-GC31-MM,
IPSL-CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MPI-ESM1-2-LR,
MRI-ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-0-LL

SubT 1 All models
2 ACCESS-CM2, CMCC-CM2-SR5, CanESM5-1, CanESM5, EC-Earth3-AerChem, EC-

Earth3-CC, EC-Earth3-Veg-LR, EC-Earth3-Veg, EC-Earth3, FGOALS-f3-L, HadGEM3-
GC31-LL, IPSL-CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MPI-
ESM1-2-LR, MRI-ESM2-0, UKESM1-0-LL

Rho 0 ACCESS-CM2, BCC-CSM2-MR, BCC-ESM11, CESM2-FV2, CESM2-WACCM-FV2,
CESM2-WACCM, CESM2, CMCC-CM2-SR5, CanESM5-1, CanESM5, EC-Earth3-
AerChem, EC-Earth3-CC, EC-Earth3-Veg-LR, EC-Earth3-Veg, EC-Earth3, FGOALS-f3-
L, FGOALS-g3, GISS-E2-1-G, GISS-E2-2-G, HadGEM3-GC31-LL, HadGEM3-GC31-
MM, IPSL-CM6A-LR, MIROC6, MPI-ESM-1-2-HAM, MPI-ESM1-2-HR, MPI-ESM1-
2-LR, MRI-ESM2-0, NorESM2-LM, NorESM2-MM, UKESM1-0-LL, UKESM1-1-LL
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Figure S5: The causal effect for each of the subpolar gyre mechanism links for all considered CMIP6 models.
For each link, the solid markers indicate the contemporaneous links and the empty ones the link at lag-1.
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Figure S6: The causal effect for each variable to itself at lags for which at least 5 models indicate a significant
effect at the 5% level. The violins in colour give the distribution over the models for which the link is
significant, with the black dots indicating the individual model values. The grey violins and grey dots show
the non-significant results. Hatching indicates the causal effect at different lags (2 and up). The numbers at
the top indicate the number of models for which that link is significant, respectively not significant, at the 5%
level.
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Figure S7: As Figure 4, but without Rho as a variable.
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Figure S8: The causal effect for each of the links when omitting Rho for all considered CMIP6 models.

Figure S9: As Figure 5, but without Rho as a variable. As for the main result only links which are significant
for at least 5 models at the 5%-level are included. For the SubT→SPG link this is the case for both lag-1 and
lag-2. The results for the other links do not change much when omitting Rho. We find the link from SubT to
SPG tends towards a positive sign in models where it is significant.
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Figure S10: As Figure S6, but without Rho as a variable. As for the main result only links which are
significant for at least 5 models at the 5%-level are included.
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