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This supplementary information is to complement the main text by providing detailed 6 

descriptions of all datasets used in the analysis, including the observations 7 

(Supplementary Table 1) and climate model simulations (Supplementary Table 2-3). 8 

The AMV index results from the remaining five SMILEs are presented (Supplementary 9 

Fig 1-5).  10 

Details of datasets  11 

Observations 12 

Supplementary Table 1. SST observational datasets. 13 

Dataset Time coverage Resolution Reference 

HadSST4 1850-present 5° × 5°   (Kennedy et al., 2019) 

NOAA ERSST 1854-present 
2° × 2°  

 (NOAA Extended Reconstructed 
Sea Surface Temperature 
(ERSST), Version 5, 2026) 

DCENT 1850-present 5° × 5°   (Chan et al., 2024)  

 14 

Model simulations 15 

Supplementary Table 2. The Single model initial-condition large ensemble 16 
(SMILE) simulations. 17 

Project Size 

Horizontal 

resolution 

(Lat×Lon) 

Historical 

coverage 

Historical 

forcing  Reference 

MPI-GE 100 1.8°×1.8°  1850-2005 CMIP5 (Maher et al., 2019) 

CESM1-LENS 40 1° ×1°  1920-2005 CMIP5 (Kay et al., 2015) 

CESM2-LENS2 50 1° ×1°  1850-2014 CMIP6 (Rodgers et al., 2021) 
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CANARI-LE 40 ~60km 1950-2014 CMIP6 (Williams et al., 2018) 

MIROC6-LE 50 1.4° ×1.4°  1850-2014 CMIP6 (Shiogama et al., 2023) 

CanESM5 35 2.8° ×2.8°  1850-2014 CMIP6 (Swart et al., 2019) 

FGOALS-g3 

Super LE 
110 2° ×2.25°  

1850-2014 
CMIP6 (Zhao et al., 2023) 
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Supplementary Table 3. The selected model simulations from CMIP6. 19 

Institution  Model  

AS-RCEC  TaiESMe1  

BCC  BCC-CSM2-MR  

BCC  BCC-ESM1  

CAMS  CAMS-CSM1-0  

CAS  CAE-ESM2-0  

CAS  FGOALS-f3-L  

CAS  FGOALS-g3  

CCCma  CanESM5  

CMCC  CMCC-CM2-HR4  

CMCC  CMCC-CM2-SR5  

CMCC  CMCC-ESM2  

CSIRO  ACCESS-ESM1-5  

CSIRO-ARCCSS  ACCESS-CM2  

E3SM  E3SM-1-0  

E3SM  E3SM-1-1  

E3SM  E3SM-1-1-ECA  

EC-Earth-Consortium  EC-Earth3  
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EC-Earth-Consortium  EC-Earth3-AerChem  

EC-Earth-Consortium  EC-Earth-CC  

EC-Earth-Consortium  EC-Earth3-Veg  

EC-Earth-Consortium  EC-Earth3-Veg-LR  

FIO-QLNM  FIO-ESM-2-0  

HAMMOZ-Consortium  MPI-ESM-1-2-HAM  

INM  IMN-CM4-8  

INM  IMN-CM5-0  

IPSL  IPSL-CM5A2-INCA  

IPSL  IPSL-CM6A-LR  

IPSL  IPSL-CM6A-LR-INCA  

KIOST  KIOST-ESM  

MIROC  MIROC6  

MPI-M  MPI-ESM1-2-HR  

MPI-M  MPI-ESM1-2-LR  

MRI  MRI-ESM2-0  

NASA-GISS  GISS-E2-1-G  

NASA-GISS  GISS-E2-1-G-CC  

NASA-GISS  GISS-E2-1-H  

NASA-GISS  GISS-E2-2-G  

NASA-GISS  GISS-E2-2-H  

NCAR  CESM2  

NCAR  CESM2-FV2  

NCAR  CESM2-WACCM  

NCAR  CESM2-WACCM-FV2  

NCC  NorCPM1  
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NCC  NorESM1-LM  

NCC  NorESM1-MM  

NIMS-KMA  KACE-1-0-G  

NOAA-GFDL  GFDL-CM4  

NOAA-GFDL  GFDL-ESM4  

NUIST  NESM3  

SNU  SAM0-UNICON  

THU  CIESM  

UA  MCM-UA-1-0  

  20 
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Modelling results 21 

The additional SMILEs broadly reinforced the finding that AMV-like variability is 22 

predominantly externally forced, with four SMILEs that exhibit limited multidecadal 23 

internal variability (Supplementary Fig. 1-4) showing behaviour consistent with 24 

CESM2-LENS2 (Fig. 2a-c). Their ensemble means reproduced the timing of major 25 

multidecadal transitions in NASST evident in observations, and individual members 26 

evolve in phase with one another as well as with the observed AMV. In all cases, the 27 

amplitude of variability is weaker than observed, particularly during that 1900-1920 28 

cooling and subsequent warming in HadSST4. While the former mismatch can be 29 

explained by a cooling bias in the SST observation (Sippel et al., 2024) and resolved 30 

by the bias-corrected SST reconstruction, DCENT (Chan et al., 2024), the latter one 31 

remains an open question.  32 
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 33 

Supplementary Fig. 1. AMV time series and correlation statistics from CanESM5-LE. 34 

Same as Fig. 2, but for CanESM5-LE (Swart et al., 2019). a, AMV index, calculation is shown 35 

in the additional method section. Ensemble mean (blue) represents the externally forced 36 

response and is compared with observed AMV from HadSST4 (green) and DCENT (orange). 37 

The ensemble member with the highest correlation to HadSST4 (red) and DCENT (purple) is 38 

also highlighted. b, c displace the correlation coefficients between individual members and 39 

HadSST4 and DCENT respectively. Blue dashed lines indicate the ensemble mean correlation 40 

and grey dashed line indicate the average correlation across members. 41 

 42 
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 43 

Supplementary Fig. 2. AMV time series and correlation statistics from MIROC-LE. Same 44 

as supplementary Fig. 1, but for MIROC6-LE (Shiogama et al., 2023).  45 
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 46 

Supplementary Fig. 3. AMV time series and correlation statistics from CESM1-LENS. 47 

Same as  supplementary Fig. 1 but for CESM1-LENS (Kay et al., 2015). The historical runs of 48 

the CESM1-LENS span 1920-2005, accordingly, the linear detrending is performed over this 49 

period. After smoothed using a centred 10-year rolling mean, the AMV index covers a period 50 

from 1925 to 2001.  51 
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 52 

Supplementary Fig. 4. AMV time series and correlation statistics from CANARI-LE. 53 

Same as  supplementary Fig. 1, but for CANARI-LE (Williams et al., 2018) under the project 54 

of Climate change in the Arctic-North Atlantic region and impact in the UK (CANARI), access 55 

via UK’s data analysis facility JASMIN. The historical runs of the CANARI-LE span 1950-2014, 56 

accordingly, the linear detrending is performed over this period. After smoothing by a centred 57 

10-year rolling mean, the AMV indices are available from 1955 to 2010. 58 

 59 

In contrast, MPI-GE (Supplementary Fig. 5) supports the interpretation that AMV-like 60 

variability may be preliminary caused by internal variability, showing behaviour similar 61 

to FGOALS (Fig. 2d-f). Its ensemble members diverge widely and evolve less 62 

coherently. The members best correlated with observations show even greater 63 

mismatch compared to in FGOALS. 64 
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 65 

Supplementary Fig. 5. AMV time series and correlation statistics from MPI-GE. Same as 66 

supplementary Fig. 1, but for MPI-GE (Maher et al., 2019). The historical runs of the MPI-GE 67 

span 1850-2005, accordingly, the linear detrending is performed over this period. After 68 

smoothing by a centred 10-year rolling mean, the AMV indices are available from 1955 to 69 

2000.  70 

 71 

The divergent behaviour across SMILEs highlights how differences in model physics 72 

shape the representation of AMV and affect the balance between internal variability 73 

and externally forced responses. While most ensembles reproduce observed AMV 74 

and point to an externally forced origin, MPI-GE and FGOALS-LE simulate stronger 75 

multidecadal internal variability that obscures the forced signal. Taken together, the 76 

results add credence to the hypothesis that AMV is largely externally forced.   77 
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