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Figure S1. Decadal surface heat flux difference (W m-2) from an observation-based estimate 
(Large and Yeager 2009) between the decades 1986-1995 and 1962-1971, characterized 
by persistent +NAO and -NAO, respectively (sign convention is positive into the ocean).  
 
 
 
 
 
 
 

 

Figure S2. Differences of (a) AMOC and (b) BSF, averaged over years 10-14, in FOSI-LS 
(+NAO only) relative to a control FOSI simulation. The differences are multiplied by 2 to 
match the +NAO minus -NAO differences in the coupled ensemble simulations (Fig. 3a-b).  
  



 4 

 

 

Figure S3. Observed AMV pattern computed as the regression of 10-year low-pass filtered 
observed SST (ERSST; Smith et al. 2008) onto the internal component of the AMV index. 
The internal component of the AMV index is extracted using the method of Ting et al. 
(2009). The regression coefficients have been multiplied by two to make them consistent 
with the differences between +NAO and –NAO experiments.  
 
 
 
 
 
 
 

 

Figure S4. Ensemble mean differences (+NAO minus -NAO) of: (a) turbulent (latent plus 
sensible) heat flux and (b) net surface radiation averaged over years 7-11. Stippling 
indicates differences that are statistically significant at the 95% confidence level. 
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Figure S5. Ensemble mean differences of (a-b) SST and (c-d) surface heat flux (SHF) for 
DJFM (a & c) and JJAS (b & d) averaged over simulation years 7-11. Ensemble mean 
difference time series of 5-year-average DJFM (red) and JJAS (blue) (c) SST and (d) SHF 
averaged over the TNA indicated by blue straight lines in (c). Stippling in (a-d) indicates 
differences that are statistically significant at the 95% confidence level. 
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Figure S6. Ensemble mean differences of JJAS precipitation (mm day-1), averaged over the 
years 4-8. The contour lines indicate the climatological JJAS precipitation in the control 
simulation with contour intervals of 5 mm day-1 from 5 mm day-1. Stippling indicates 
differences that are statistically significant at the 95% confidence level. 
 
 
 
 
 
 
 

 

Figure S7. IPO pattern from the preindustrial control simulation (piControl). The IPO 
pattern is identified by the first empirical orthogonal function (EOF1) of the annual mean 
SST in the Pacific Ocean (40°S-60°N, 120°E-80°W) from the last 1800 years of the 2200-
year long piControl. The IPO pattern is used to calculate the pattern correlations shown in 
Fig. 10b.   
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Figure S8. Lead-lag relationships between the observed AMV and surface conditions over 
Europe and the southwestern United States and northern Mexico. (a-b) Lead-lag 
correlations between the observed AMV based on ERSST and JJAS surface air temperature 
and precipitation from CRU dataset (Harris et al. 2014) averaged over Europe (a) and 
southwestern United States (b). Note that the averaging domains differ between the 
surface temperature and precipitation, and are indicated in (c) and (g), respectively, for 
Europe, and (e) and (h), respectively, for the southwestern United States. (c-h) AMV-
regression patterns of the JJAS surface temperature (c-e) and precipitation (f-h) in Europe 
(c-d, f-g) and southwestern United Sates (e,h) for lags indicated. Negative (positive) lags 
represent the AMV lagging (leading) the surface conditions. Units are C/1 and mm day-

1/1 , respectively. The considered period is 1901 to 2014 and all time series are first 
linearly detrended and 15-year lowpass-filtered before the correlation and regression 
analyses.   
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Figure S9. Similar to Fig. 4 in the main text, but from the additional experiments with 5-
year forcing. (a,c) Ensemble mean differences of SST (a) and surface heat flux (SHF; c) 
averaged over the years 3-7. (b,d) 5-year running-averaged ensemble mean difference time 
series of SST (b) and SHF (d), averaged over the AMV domain (0°-60°N, 7°-75°W; black) 
and SPNA (blue) and tropical (red) boxes indicated in (a). Stippling in (a,c) and crosses in 
(b,d) indicate differences that are statistically significant at the 95% confidence level. 
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Figure S10. Similar to Fig. 7a-b in the main text, but from the additional experiments with 
5-year forcing. (a) Ensemble mean differences of DJFM SLP averaged over the years 3-7. (b) 
5-year running-averaged ensemble mean difference time series of DJFM SLP difference 
between the northern and southern boxes indicated in (a). Stippling in (a) indicates 
differences that are statistically significant at the 95% confidence level.  
 
 
 
 
 
 

 

Figure S11. Ensemble mean summation (+NAO plus -NAO) of annual (a) SST and (b) SLP 
anomalies averaged over simulation years 7-11. The anomalies are relative to the 
corresponding 20-year segments from piControl that share the initial conditions with a 
pair of +NAO and -NAO ensemble members.  
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