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Fig. S1: Sliding t-test for PC1-dust time series. The significance at the 95% (gray) levels is shown 2 
by the dashed line. 3 
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Fig. S2: Extratropical SAT anomalies in the pre-winter of composite analysis during the two 5 
periods. SAT anomalies in (a) 1980−2000 with positive LSC minus negative LSC and in (b) 6 
2001−2023 with negative LSC minus positive (shading; K).  The dashed dots indicate that the 7 
anomalies pass the 90% confidence test. 8 
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Fig. S3: Regression patterns of Dust Aerosol Optical Depth (DOD) and U200 onto LSC in CMIP6 10 
during 1980−2000 and 1994−2014. Regression coefficients of (a) DOD and (c) U200 onto 11 
standardized LSC in CMIP6 ensemble (including CESM2, IPSL-CM6A-LR-INCA, IPSL-CM6A-12 
LR, CanESM5-1, and MRI-ESM2-0) during 1980−2000. (c) DOD and (d)U200 in CMIP6 13 
ensemble (six best-performing modes are selected from 14 modes, including CESM2, IPSL-14 
CM5A2-INCA, IPSL-CM6A-LR-INCA, IPSL-CM6A-LR, CanESM5, and MRI-ESM2-0) during 15 
1994−2014. The dashed dots indicate that the anomalies pass the 90% confidence test. 16 
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Fig. S4: SSTA anomalies from pre-winter to spring associated with pre-winter LSC of composite 18 
analysis during the two periods. Composite SSTA in (a) DJF and (c) MAM during 1980−2000 19 
with positive LSC minus negative LSC. (b) DJF and (d) MAM are for 2001−2023 with negative 20 
LSC minus positive LSC. The dashed dots indicate that the anomalies pass the 90% confidence 21 
test. 22 
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Fig. S5: Time series of standardized LSCI (bar) and standardized zonal circulation intensity index 24 
(solid line). The correlation between the two variables is −0.47 and passes 99% significance tests. 25 
The zonal circulation intensity index is defined as the ratio of the difference in Z500 between 26 
30°N and 60°N to the difference between these two latitudes (averaged between 0° and 100°W). 27 
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Table S1 List of CMIP6 models analyzed in this study. 30 
Model 

CESM2[1] 
IPSL-CM5A2-INCA[2] 

IPSL-CM6A-LR-INCA[3] 
IPSL-CM6A-LR[4] 

CanESM5-1[5] 
CanESM5[6] 

MRI-ESM2-0[7] 

Reference: 31 
[1] Danabasoglu G (2019) NCAR CESM2 model output prepared for CMIP6 CMIP historical. Earth 32 
System Grid Federation 33 
[2] Boucher O, Denvil S, Levavasseur G, et al. (2020) IPSL IPSL-CM5A2-INCA model output 34 
prepared for CMIP6 CMIP historical. Earth System Grid Federation 35 
[3] Boucher O, Denvil S, Levavasseur G, et al. (2021) CMIP6 CMIP IPSL IPSL-CM6A-LR-INCA 36 
historical. Earth System Grid Federation 37 
[4] Boucher O, Denvil S, Levavasseur G et al (2018) IPSL IPSL-CM6A-LR model output prepared for 38 
CMIP6 CMIP historical. Earth System Grid Federation 39 
[5] Swart NC, Cole JNS, Kharin VV et al (2019) CCCma CanESM5-1 model output prepared for 40 
CMIP6 CMIP historical. Earth System Grid Federation 41 
[6] Swart NC, Cole JNS, Kharin VV et al (2019) CCCma CanESM5 model output prepared for CMIP6 42 
CMIP historical. Earth System Grid Federation 43 
[7] Yukimoto S, Koshiro T, Kawai H, et al. (2019) MRI MRI-ESM2.0 model output prepared for 44 
CMIP6 CMIP historical. Earth System Grid Federation 45 


