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28 
Fig. S1. Low-frequency (LF) variability of overturning stream function in density 29 
space derived from the suite of CMIP6 models used in this study. Similar to Fig. 30 
1D of the main text but for the other nine models.  31 
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 33 



 34 
Fig. S2. High-frequency (HF) variability of overturning stream function in 35 
density space derived from the suite of CMIP6 models used in this study. Similar 36 
to Fig. 1f of the main text but for the nine models other than CESM2.  37 
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 39 

Fig. S3. Correlation of transport anomalies across different models. (A) 40 
Correlation coefficients between transport at 𝜎𝑆𝐷𝑚𝑎𝑥 in O-West and MOC as a 41 
function of latitude (B) Correlation coefficients between transport at 𝜎𝑆𝐷𝑚𝑎𝑥 in O-East 42 
and MOC as a function of latitude. All data have been processed with a 10-year low-43 
pass filter. 44 
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 46 

Fig. S4. Correlation of the transport at different densities with high-frequency 47 
MOC variability. (A) Correlation coefficients between the transport of O-West 48 
(blue) and O-East (pink) at 𝜎𝑆𝐷𝑚𝑎𝑥  with the MOC at O-Full and MOC at 50N. Small, 49 
filled circles denote all model results. The asterisk highlights the CESM2 correlation, 50 
and the purple outline highlights the correlation for the high-resolution model, CESM-51 
HR. Large circles show the multi-model means. (B) Similar to (A) but for the 52 
correlation coefficients between the transport at 𝜎𝑚𝑜𝑐 for O-West (blue) and O-East 53 
(pink) with MOC of O-Full and MOC at 50N. Large black circle indicates the 54 
correlation between the MOCs at O-Full and 50N. Similar to Fig. 2B and 2D of the 55 
main text but for HF variability. 56 
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 59 

Fig. S5. Compensation pattern of low-frequency transport. (A) Composite of 60 
discrete transport anomalies constructed using transports at each density when there is 61 
a negative transport anomaly at 𝜎𝑆𝐷𝑚𝑎𝑥

𝑤 . Similar to Fig. 3A of main text but for negative 62 
anomalies at 𝜎𝑆𝐷𝑚𝑎𝑥

𝑤 . (B) As in (A), but for all models. Each model distribution is 63 
shifted in density space such that all 𝜎𝑆𝐷𝑚𝑎𝑥

𝑤  are aligned. The blue dashed line shows 64 
the mean 𝜎𝑆𝐷𝑚𝑎𝑥

𝑤 , and the black dashed line shows the mean 𝜎𝑚𝑜𝑐 across all models, 65 
with the vertical bars depicting one standard deviation for corresponding densities. 66 
Similar to Fig. 3B of main text but for individual models. (C) Discrete transport 67 
anomaly of O-East, averaged over years with a positive transport anomaly at 𝜎𝑆𝐷𝑚𝑎𝑥

𝑒 . 68 
(D) Similar to (B) but for O-East. 69 
 70 
 71 
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 74 

Fig. S6. Correlation between high-frequency outgoing and incoming transports 75 
across O-West. Correlation coefficients OW-Out and OW-In (black), OW-In and 76 
OE-Out (yellow), and OW-Out and OE-Out (green), using transports at 𝜎𝑆𝐷𝑚𝑎𝑥 for the 77 
respective section. Small, filled circles denote all model results.  The asterisk 78 
highlights the CESM2 correlation, and the purple outline highlights the correlation for 79 
the high-resolution model, CESM-HR. Large circles show the multi-model means. 80 
(bottom panel) Same as upper panel, but here correlations at 𝜎𝑚𝑜𝑐  of O-Full are 81 
displayed. Similar to Fig. 4D of the main text but for HF variability. 82 

  83 



 84 

Fig. S7. Transport variability from the CESM2 simulations. (A) Monthly SD of 85 
transport across the OSNAP sections indicated. (B) Correlation coefficients between 86 
transports at O-West (blue) and O-East (pink) at their respective 𝜎𝑆𝐷𝑚𝑎𝑥 with O-Full 87 
MOC (top panel), and the same, but with O-West and O-East transport calculated at 𝜎𝑚𝑜𝑐 88 
(bottom panel). (C) Discrete transport anomaly of O-West, averaged over months with 89 
a positive transport anomaly at 𝜎𝑆𝐷𝑚𝑎𝑥

𝑤 . (D) Time series of transport anomalies for 90 
southward flow of O-East (OE-Out), northward flow of O-West (OW-In), and 91 
southward flow of O-West (OW-Out) at the 𝜎𝑆𝐷𝑚𝑎𝑥 for each component. Similar to 92 
Fig. 5 of the main text but for CESM2.  93 
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 95 

 96 

Fig. S8. Mean and variability of overturning stream function in density space. (A 97 
to C) Mean stream function across the three OSNAP sections from observations (red) 98 
and CESM simulations (black) as indicated. The model outputs were computed over 99 
all 71-month segments from the 300-year simulation. The gray dashed lines show the 100 
range of the simulated distribution. (D to F) As in (A to C) but for the monthly SD of 101 
the MOC stream function.  102 
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Table S1. Climate models used in this study. Most models are CMIP6 models, 105 
except CESM-HR, and were chosen because of their relatively small bottom density 106 

biases (17). Nominal horizontal resolution in latitude  longitude, vertical grid type 107 
and number of vertical levels and reference are displayed.  108 

 Model name Horizontal Vertical Ocean module 

1 ACCESS-ESM1-5 (24)  1  1 𝑧∗ 50 MOM5 

2 CanESM5 (25) 1  1 𝑧 45 NEMO3.4.1 

3 UKESM1-0-LL (26) 1  1 𝑧∗ 75 NEMO-HadGEM3-GO6.0 

4 GFDL-CM4 (27) 0.25  0.25 𝜌 − 𝑧∗ 75 MOM6 

5 CESM2 (18) 1  1 𝑧 60 POP2 

6 CESM-HR (28) 0.1  0.1 𝑧 60 POP2 

7 MPI-ESM1-2-HR (29) 0.4  0.4 𝑧 40 MPIOM1.6.3 

8 MPI-ESM1-2-LR (30) 1.5  1.5 𝑧 40 MPIOM1.6.3 

9 HadGEM3-GC31-MM (31) 0.25  0.25 𝑧∗ 75 NEMO-HadGEM3-GO6.0 

10 HadGEM3-GC31-LL (32) 1  1 𝑧∗ 75 NEMO-HadGEM3-GO6.0 
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