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Figure S1. Time evolution of the spin-up of different quantities for NorESM2-MM. Left column (from top to bottom): global and annual
means of net radiation at the top of model, surface (2 m) air temperature, sea surface temperature (SST), global and volume averaged ocean
temperature, and Atlantic meridional overturning circulation (AMOC) at 26.5°N. Right column (from top to bottom): global and annual sum
of sea salt surface emissions, DMS (dimethylsulfide) surface emissions, global and annual means of vertically-integrated total cloud cover,

shortwave cloud forcing and longwave cloud forcing.
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Figure S2. As in Fig. S1, but for NorESM2-LM.



(a) Aerosol optical depth (550 nm)
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Figure S3. (a) Time evolution of global-mean aerosol optical depth (a) in the pre-industrial control (red) and historical (member 1, black) of
NorESM2-LM. (b) Time series of global mean effective radiative forcing (ERF), calculated as the TOA radiative imbalance in the ensemble

mean (3 members) of AMIP simulations where only anthropogenic aerosol emissions follow the historical evolution.
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Figure S4. Comparison of aerosol optical depth (at 550 nm) in the historical NorESM2-LM simulation (member 1) with Aeronet (Holben
et al., 1998) observations. The data from the model and the observations cover the 2005-2014 period.
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Figure S5. Evaluation of cloud cover and liquid water path (LWP) from NorESM2-MM (left column) and NorESM2-LM (right column).
Solid black lines show model fields for the 1980-2009 period. Dashed red lines show observational estimates of annual-mean cloud cover

from CLOUDSAT (upper panels) and annual-mean oceanic LWP (O’Dell et al., 2008; bottom panels)
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Figure S6. Annual and seasonal total precipitation rate climatology from GPCP (column 1) and biases with respect to GPCP for NorESM 1-
M (column 2), NorESM2-LM (column 3), and NorESM2-MM (column 4). The time period is 1980-2009 and all available members from
the historical simulations are used (3 for each of NorESM1-M, NorESM2-LM, and NorESM2-MM). For the bias plots, the following global-
mean metrics are shown in the bottom left corner of each panel: bias, RMSE (lower is better), and spatial correlation (Cor; higher is better).
For NorESM2-LM and NorESM2-MM, green/red dots are shown on the left side of these metrics and indicate whether the NorESM2 results

are better (green) or worse (red) than NorESM1-M. Units are mm day .
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of the timeseries in each grid point.
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Figure S7. As in Fig. S6, but for the inter-annual variability (IAV) of the total precipitation rate. The IAV is defined as the standard deviation
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Figure S8. Wavenumber-frequency spectra for the extended winter season (November - April) for the latitude band 10° S to 10° N for
NorESM2-LM and NorESM2-MM. The spectra are computed from daily zonal winds at 850 hPa (U850) using data from (a) ERA-Interim
and (b-c) NorESM, and from daily outgoing longwave radiation (OLR) using data from NOAA (d), and NorESM (e-f). The climatological
daily cycle was removed prior to computing the spectra. The model data is taken from the first CMIP6 historical member for NorESM2-LM
and NorESM2-MM for years 1980-2009, and for years 1979-2008 for ERA-Interim and NOAA. This diagnostic was developed by the US-
CLIVAR MIJO working group and plotted using a script from the NCAR Command Language (NCL) examples that perform the US-CLIVAR
diagnostics (https://www.ncl.ucar.edu/Applications/mjoclivar.shtml; Waliser et al., 2009; Ahn et al., 2017).
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Figure S9. Lead-lag correlations during the extended winter season (November - April) for the latitude band 10° S to 10° N for obser-
vations, NorESM2-MM, and NorESM2-LM. The correlations are computed from daily-mean precipitation and zonal winds at 850 hPa
(U850) using data from (a) ERA-Interim, (b) NorESM2-MM, and (c) NorESM2-LM. The climatological daily cycle was removed prior
to computing the spectra. The ERA-Interim is taken for the years 1996-2005. The model data is taken from the first CMIP6 historical
member for NorESM2-MM and NorESM2-LM for years 1990-2005. This diagnostic was developed by the US-CLIVAR MJO work-
ing group and plotted using a script from the NCAR Command Language (NCL) examples that perform the US-CLIVAR diagnostics
(https://www.ncl.ucar.edu/Applications/mjoclivar.shtml; Waliser et al., 2009; Ahn et al., 2017).
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Figure S10. Time evolution of NINO3.4 index anomalies, in observations (panel a; HadISST v1.1; Rayner et al., 2003) and pre-industrial
control experiments from NorESM2-MM (panel b) and NorESM2-LM (panel ¢). Anomalies above 1.5 standard deviations of the respective

time-series are marked in red colour, anomalies less than -1.5 standard deviations are marked in cyan colour.
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Pattern correlations of anomalies with observations
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Figure S11. Pattern correlations between model simulations and observations of El-Nifio monthly-mean composite anomalies in SST, pre-
cipitation and 200 hPa geopotential height. The patterns are computed from observations and model simulations as in Fig. 23, but month
by month over the composite El-Nifio event, and the correlations between the resulting simulated and observed patterns are calculated.

Observations are interpolated onto the relevant model grid in each case.
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