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Materials and Methods 
We use a hierarchy of coupled climate models with different degree of coupling with the ocean 
to separate the role of ocean dynamics from thermally coupled processes. We analyze 10 model 
simulations from the Coupled Model Intercomparison Project Phase 3 (CMIP3) archive, each of 
which has two versions: one in which the atmosphere is fully coupled to the ocean ("fully 
coupled") and another one in which the atmosphere is coupled with a 50m mixed-layer ocean 
model ("slab-ocean"). We supplement the CMIP3 models with fully coupled and slab-ocean 
model simulations of the Community Atmosphere Model version 4 (CAM4) (35) and of MPI-
ESM-LR (36,37). In the CAM4 slab ocean circulation, the mixed layer depth is spatially 
dependent but temporally constant and is derived from the annual-mean conditions of a 
preindustrial control simulation of the fully coupled model. In the slab-ocean simulations, 
internal variability is solely driven by surface heat flux exchange between the ocean and the 
atmosphere. Monthly mean ocean heat transport is prescribed to yield the observed monthly 
mean SST climatology in the absence of surface heat flux perturbations, but does not change 
from year to year and does not drive internal variability. To further separate the role of 
atmospheric dynamics from thermal coupling with the ocean, we also analyze an atmospheric-
only simulation using CAM4 ("CAM-sstClim"). In CAM4-sstClim monthly mean SST and sea 
ice are prescribed and do not change from year to year. All these simulations are run in pre-
industrial conditions in which atmospheric concentrations of greenhouse gases and aerosols are 
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constant in time. Of the 12 models available (summarized in Table 1), only 11 are used to 
compute the regressions in Fig. 1 because the GISS_E2_R model does not provide all the 
necessary variables. Table 1 also contains the length of each simulation and the spatial resolution 
of each model. 

 We also use an additional 39 models from the Coupled Model Intercomparison Project 
Phase 5 (CMIP5) archive. We choose all models for which both the pre-industrial and historical 
experiments are available and analyze one ensemble member (r1i1p1) for each model (Table S2). 
The pre-industrial simulations are run as described above, and we use the first 190 years for each 
model. Some models provide longer simulations, but we use only 190 years to maximize the 
number of models available. The historical simulations are forced with observed atmospheric 
composition and span the years from 1850 to 2005. We analyze only the years 1865-2005 to 
maximize the number of models available. 

 Surface winds and Sea Level Pressure (SLP) are from the NCEP-NCAR reanalysis (38), 
while Sea Surface Temperature (SST) are from the Extended Reconstructed SST, version 3b 
(ERSSTv3b) reanalysis (39), Hadley Centre Sea Ice and SST (HadISST) reanalysis (40), and 
Kaplan Extended SST v2 (41). The observed regression in Fig. 1 is computed using the years 
1950-2010 in which all datasets overlap. 
 All data are de-trended and monthly mean anomalies are formed by subtracting the 
observed or simulated monthly mean climatology. 
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Table S1. Thirty nine fully coupled climate models that provided the first ensemble member 
(r1i1p1) for the preindustrial and historical experiments in the CMIP5 archive. 190 years were 
used in the analysis for the preindustrial simulations, while the years 1865-2005 were used for 
the historical simulations. 

Institution Model name 
Commonwealth Scientific and Industrial Research Organization (CSIRO) and 
Bureau of Meteorology (BOM) (Australia) 

ACCESS1.0 
ACCESS1.3 

Beijing Climate Center, China Meteorological Administration (China) BCC-CSM1.1 
BCC-CSM1.1(m) 

Canadian Centre for Climate Modelling and Analysis (Canada) CanESM2 
National Center for Atmospheric Research (U.S.) CCSM4 
Community Earth System Model Contributors (U.S.) CESM1(BGC) 

CESM1(CAM5) 
CESM1(FASTCHEM) 
CESM1(WACCM) 

Euro-Mediterranean Center for Climate Change (Italy) CMCC-CESM 
CMCC-CM 
CMCC-CMS 

Centre National de Recherches Meteorologiques / Centre 
Europeen de Recherche et Formation Avancees en Calcul Scientifique (France) 

CNRM-CM5 
CNRM-CM5(2) 

Commonwealth Scientific and Industrial Research Organization in collaboration 
with Queensland Climate Change Centre of Excellence (Australia) 

CSIRO-Mk3-6-0 

LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences and 
CESS, Tsinghua (China) 

FGOALS-g2 

NOAA Geophysical Fluid Dynamics Laboratory (U.S.) GFDL-CM3 
GFDL-ESM2G 
GFDL-ESM2M 

NASA Goddard Institute for Space Studies (U.S.) GISS-E2-H 
GISS-E2-H-CC 
GISS-E2-R 
GISS-E2-R-CC 

Met Office Hadley Centre (U.K.) HadGEM2-CC 
HadGEM2-ES 

Institute for Numerical Mathematics (Russia) INM-CM4 
Institut Pierre-Simon Laplace (France) IPSL-CM5A-LR 

IPSL-CM5A-MR 
IPSL-CM5B-LR 

Atmosphere and Ocean Research Institute (The University of Tokyo), National 
Institute for Environmental Studies, and Japan Agency for Marine-Earth Science 
and Technology (Japan) 

MIROC-ESM 
MIROC-ESM-CHEM 
MIROC5 

Max Planck Institute for Meteorology (Germany) MPI-ESM-LR 
MPI-ESM-MR 
MPI-ESM-P 

Meteorological Research Institute (Japan) MRI-CGCM3 
Norwegian Climate Centre (Norway) NorESM1-M 

NorESM1-ME 
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Figure S1: Regression of SST on low-pass filtered AMO index for (left panel) Multi-model mean 
of CMIP3 pre-industrial control fully coupled models, and (right panel) Multi-model mean of 
CMIP3 pre-industrial control slab-ocean models. Values are of K, per unit standard deviation of 
the low-pass filtered AMO index. The AMO index is filtered with a 10-year low-pass Lanczos 
filter.  
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Figure S2: Power spectra of North Atlantic SST (0º-80ºW) from the GFDL_CM2_1 model in 
different latitude bands (A) 0º-20ºN; (B) 20ºN-40ºN; (C) 40ºN-60ºN. The blue lines are from the 
500-year pre-industrial simulation with the fully coupled model, and the red lines are from the 
100-year pre-industrial slab-ocean version of the model.  
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Figure S3: Power spectra of the (A) zonal and (B) meridional surface wind in the mid-latitudes 
over the ocean (40ºN-60ºN, 50ºW-10ºW); (C) zonal and (D) meridional surface wind in the 
Tropics over the ocean (10ºN-30ºN, 80ºW-15ºW) in (blue) CAM4-sstClim and (red) CAM4-slab. 
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