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1 L47 vs. L31 and E63H23-GFAS34 and E63H23-10CC

The simulation of E63H23 with 31 vertical levels (L31) instead of 47 vertical levels (L47) show similar results to L47 (the
additional levels are added mostly in the stratosphere; model top increases from 10 hPa to 0.01 hPa). Table S1 shows the
results of the simulations E63H23-L.31, E63H23-GFAS34 and E63H23-10CC which can be compared to the values of
E63H23 in Table 2. Also the values for the time period 2000-2009 are shown for E63H23, which are quite similar to those of
the time period 2003-2012 in Table 2. Therefore the values of the different model versions in Table 2 can be compared
although they cover slightly different time periods. As an example for the similar results for L31 and L47 in E63H23, Figure
S1 shows the global mean IWC as a function of pressure for E63H23 and the two vertical grids, L31 and L47. The IWC lines

of both vertical grids lie almost on top of each other.



Table S1. Global mean values of the PD simulations for E63H23 but for the period 2000-2009, E63H23-L.31, E63H23-
GFAS34 and E63H23-10CC. Radiative fluxes are at the top of atmosphere. Values from observations (OBS) and multi-
model means (MMM) are shown next to those of the three model versions. ERFi.si and ECS are from the PD,,/Pl,, and

1xC0O2/2xCO2 simulations respectively.

o3 EB3H23- E63H23-  E63H23-

Variabl oBsmMM (oo 3L GFASI locC
2009) 2012) 2012) 2012)

SW (W m?) 240 (238 to 244) 238 238 238 238
LW (W m?) 239 (-237t0-241)  -238 -238 -238 -238
Net(W m?) 0.7+0.1 0.4 0.5 0.0 0.5
SW CRE (W m?) -47 (-46 t0 53.3) -50 -50 -50 -50
LW CRE (W m?) 26 (22 to 30.5) 24 24 24 24
Net CRE (W m?) -21 (-17.1t0 22.8) -26 -26 -26 -25
CC (%) 68+5 69 68 68 69
LWP (ocean) (g m?) 42910894 71 71 72 90
Z'SWP'LP (ocean) (g m 735455 77 77 79 101
IWP (g m?) 2547 15 15 15 15
Cloud-top CDNC
(ocean;  60°N-60°S) 72437 78 78 84 73
(cm®)
CDNChurgen (10 m?) - 3.1 3.1 3.3 2.9
ICNChyrgen (102 m?) - 8.0 8.0 7.8 8.1
P (mmd?) 2.740.2 3.0 3.0 3.0 3.0
Sulfate burden (Tg) 2.0(£25%) 2.2 2.3 2.4 2.4
Black carbon burden 5, 1595 0.1 0.1 0.3 0.1
(To)
Particulate organic 0
matter burden (Tg) 1.7(£27%) 1.0 1.0 2.2 1.1
Sea salt burden (Tg) 7.5(254%) 4.1 4.1 4.1 4.3
'(\."r'g”)era' dust burden 14 504006 17.7 18.3 18.3 20.1
ERFarisaci (W m?) -0.9 (-1.9t0 -0.1) -1.0 -1.0 -0.9 -1.7
ECS (K) 1.5t04.5 2.5 2.5 2.6 2.8
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Figure S1: Comparison of global annual mean IWC as a function of pressure of E63H23 for the vertical grids L31 and L47

(default) to CALIPSO/CloudSat observations from Li et al. (2012). Gray shading indicates the uncertainty in the

CALIPSO/CloudSat observations. The CALIPSO/CloudSat data covers the years 2006-2010, model data is from the PD
5 simulations.



2 Frequency of convection
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Figure S2: Annual mean frequency of the activation of the convection scheme for the different types of convection in E55H20,
E61H22 and E63H23 PD simulations. Global annual mean values are shown in brackets.

3 ERF,i+aci: Representative years; land vs. ocean and E63H23-GFAS34 and E63H23-10CC
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Figure S3: Global maps of Net ERF,.a¢ 0f E63H23 from 20 year free simulations with present day minus pre-industrial aerosol
emissions (PD.e-Pl,). Different years are used to represent present day and pre-industrial aerosol emissions. Hatching indicates
statistically significant differences at the 95% significance level. The false discovery rate is controlled following Wilks (2016).
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Figure S4: Global mean ERF ;.4 Over ocean and over land of E55H20, E61H22, E63H23, E63H23-GFAS34 and E63H23-10CC.
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Figure S5: Global maps of SW and LW ERF .4 0f E63H23, E63H23-GFAS34, E63H23-10CC and E63H23-LL from 20 year free
simulations with present day minus pre-industrial aerosol emissions (PD,e-Pl.). Hatching indicates statistically significant
differences at the 95% significance level. The false discovery rate is controlled following Wilks (2016).

4 Global mean values of PDg, Plaer, 1XCO2 and 2xCO2 simulations



Table S2. Global mean values of the PD,.,/Pl,e and 1XCO2/2xC0O2 simulations for E55H20, E61H22 and E63H23. Radiative fluxes are at
the top of atmosphere.

E55H20 E61H22 E63H23
PDswr Pler 2XCO2 1XCO2 PDsr Pl 2XCO2 1XCO2  PD.y  Pler  2xCO2  1xCO2
Variable (20 (20 (25 (25 (20 (20 (25 (25 (20 (20 (25 (25
years) years) years) years) years) years) years) years) years) years) years) years)
SW (W m?) 232 233 237 232 236 238 241 237 238 240 242 239
LW (W m?) 232 232 237  -233  -236  -236  -240  -237  -238  -238  -241  -239
Net(W m?) 01 1.0 0.0 -0.4 0.4 1.6 0.4 0.1 0.5 1.5 0.5 0.2
SW CRE (W m?) 53 52 -50 -53 -52 -50 -49 -51 -50 -49 -48 -49
LW CRE (W m?) 28 28 26 29 27 26 25 27 24 24 23 25
Net CRE (W m?) 25 24 24 24 -25 -24 -24 24 -26 -25 -25 -25
CC (%) 64 63 61 63 64 63 61 63 69 68 66 68
LWP (ocean) (g m?) 85 80 80 79 94 88 90 88 71 68 71 67
IWP (g m?) 8 8 8 9 10 10 10 10 15 15 14 15
Am_mwaom emperature ;088 2888 2916 2881 2800 2800 2013 2885 2888 2889 2011 288.6
CDNChyrgen (10%° m? 3.1 2.4 2.3 2.4 3.2 2.6 2.7 2.6 3.1 25 25 25
ICNCyrgen (102 m2 9.0 7.6 6.4 8.1 17.8 14.9 13.3 15.4 8.0 7.9 7.0 8.2
P (mmd?) 3.0 3.0 3.2 3.0 3.0 3.0 3.2 3.0 3.0 3.0 3.1 3.0
Sulfate burden (Tg) 2.5 1.3 1.4 1.3 1.8 0.8 0.8 0.8 2.2 1.2 1.2 1.2
N_MW_A carbonburden 43 03 003 003 014 008 008 008 014 008 008 008
Particulate organic 11 05 05 05 11 09 10 09 10 08 09 08

matter burden (Tg)
Sea salt burden (Tg) 126 127 12.8 12.2 10.9 10.9 11.3 10.9 4.1 4.1 4.6 4.0

Mineral dust burden

(To) 8.0 8.2 8.3 7.0 11.3 13.0 15.0 12.3 18.4 22.7 21.3 20.8




5 Supercooled liquid fraction (SLF)
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Figure S6: Global mean of SLF (=liquid water content/(liquid water content+IWC)) for clouds with COD < 3 in different
temperature bins for E55H20, E61H22 and E63H23. CALIPSO data is for the years 2006-2010 and the model data is from the PD
5 simulations.
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