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Figure S1: The decomposition of the regional effective temperature response (local temperature response terms
normalized by global effective radiative forcing) for concentration -driven (conc) models (NCAR-CESM1-CAM4,
GISS-E2-R, NorESM1) and for emission -driven (emi) models (CanESM2, HadGEM2, MIROC-SPRINTARS)
and in sulx5 (columns 1-2) and bex10 (columns 3-4) experiments. First row shows the model mean total
effective temperature response, and rows 2-7 show the contributions of different energy balance terms to the
total response. The responses are calculated as averages over the last 50 years of the 100 year perturbed and
baseline experiments.
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Figure S2: The multi-model-mean vertical distributions of zonal mean temperature changes (perturbed exper-
iments - baseline experiments) for co2x2, ch4x3, sulx5 and bcx10 experiments. The changes are calculated as
averages over the last 50 years of the 100 year perturbed and baseline experiments. ERF normalized values are
shonw in upper row, and bottom row shows absolute values
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Figure S3: Same as S2 but for the relative humidity change.
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Figure S4: Same as S2 but for the cloud fraction change.
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Figure S5: Same as Figure 2 but includes also ERF estimates with land warming correction.
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Figure S6: Calculated LW correction terms for different models in (a) co2x2, (b) ch4x3, (c) sulx5 and (d) bex10

experiments. Different colors represent different radiative kernels (red HADGEM, blue ECHAM and green
GFDL.
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Figure S7: SW cloud term for individual models from PDRMIP data( rows), for co2x2, ch4x3, sulx5 and bcx10
experiments (columns). Models marked with * indicates no-interaction between so2 and clouds
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Figure S8: The multi-model-mean spatial distributions of cloud cover changes (perturbed experiments - baseline
experiments) for co2x2, ch4x3, sulx5 and bex10 experiments. The changes are calculated as averages over the
last 50 years of the 100 year perturbed and baseline experiments. ERF normalized values are shonw in upper
row, and bottom row shows absolute values



AT ALWap, ASWar ALWage ASWaq ASWapeso ASURF  ACONV
CanESM2 2.70 018 1229008 (33002 (9001 0,030 (.30 701 -0.25 912 _0.02 002
HadGEM2-ES 273 0.14 231 0.10 0.32 0.06 0.04 0.06 0.05 0.13 0.31 0.03 -0.30 0.11 -0.01 0.04
NCAR-
CESM1- 3.18 011 | 275 0.08 = (30 0.01 39 0:04 (20011 (29002 0.07 %19 _0.06 0-05
CAM4
NorESM1 2.06 914 | 2,05 998 019001 _0.18 005 0,02 010 .28 003 -0.30 %t _0.00 0-06
g/gEIOI\I(;I‘_ARS 1.46 0.14 1.79 0.06 0.14 0.03 -0.27 0.04 0.02 0.07 0.15 0.02 -0.37 0.09 0.01 0.05
GISS-E2-R 1.49 0-08 1 186 0-05 .07 901 .07 903 _0.27 910 (.08 002 -0.33 008 0,01 0:04
mean 2.27 2.17 0.22 -0.11 -0.00 0.24 -0.24 -0.01
std 0.65 0.32 0.10 0.19 0.14 0.09 0.15 0.02
correlation 1.00 0.97 0.92 -0.12 0.70 0.86 0.77 -0.91
CSD 0.65 0.31 0.09 -0.02 0.10 0.08 0.11 -0.02

Effective response

CanESM2 0.76 995 [ 0.64 992 0.09 001 (.03 0-01 -0.01 903 .08 0-01 -0.07 003 _0.01 001
HadGEM2-ES | 0.75 %94 | 0.63 %93 0.09 ©02 .01 92 0.01 904 .09 0-01 -0.08 003 _0.00 0-01
NCAR-
CESM1- 0.89 003 | 0.77 902 (.08 %-00 _0.11 %0t .06 %03 (.08 0-01 0.02 9-03  _0.02 0-01
CAM4
NorESM1 0.59 9-04 |1 0.59 902 0,06 %0 _0.05 %01 (.01 %03 (.08 0-01 -0.08 03 _0.00 0-02
g/g}%%c'l:ARS 0.40 004 1 0.49 992 004 001 _0.08 %01 0.01 %02 .04 001 -0.10 ©93 .00 001
GISS-E2-R 0.37 902 | 0.46 °%1 .02 %00 (.02 %0t _0.07 002 (.02 0-00 -0.08 %92 .00 001
mean 0.63 0.60 0.06 -0.03 0.00 0.07 -0.07 -0.00
std 0.19 0.10 0.03 0.05 0.04 0.03 0.04 0.01
correlation 1.00 0.98 0.93 -0.16 0.75 0.89 0.72 -0.89
CSD 0.19 0.10 0.03 -0.01 0.03 0.02 0.03 -0.01

Table S1: Decomposition of the global absolute and effective temperature response (absolute response divided
by the ERF) into different energy balance terms for co2x2 experiments (Long- and shortwave clear-sky terms
(ALW iy, ASW,), cloud terms (ALWq,ASWe4), surface energy exchange (ASURF') and horizontal energy
transport (ACONYV). The units for the absolute temperature response is K, and for the effective temperature

response KW~ 'm

—2

. Numbers in small font indicate the standard error of mean. The model mean response

and its standard deviation (std) for each term is indicated in a separate row, as well as the correlation of
the individual responses terms and total temperature responses between the models (correlation between AT
column and i’th column). CSD in the last row indicates the partial contribution of each term to the global total
standard deviation of the temperature response, as given by Eq. 12.



AT
CanESM2 ALWe,,  ASW,
0.60 0-19 9 Te ar  ALW,
HadGEM2-ES 0.47 7% 0.13 0.02 cld,e ASWeq ASW
NCAR. 0.80 917 | (.64 009  ().0g 0-08 60602100524 T 05— g 0T ASURF __ACONV
CESMl_ . 07 - . . 004 0.12 009 0.03 '004 21; -0.00 0.04
CAM4 ’ 0.95 0-07 0.10 001 (.15 0.05 -0.06 * -0.00 004
NorESM1 0.12 : ' 0.06 9-10 0.10 0:03
MIROC- 0.67 0.70 0-06 g 0-01 _.11 0.04 0.03 0-09  _0.02 006
SPRINTARS | 0-30 *1 | 044 000 0.10 003 ' 0.01 912 0.09903 0.9 1
GISS-E2-R 10003 018004 020 : 0.00 0-07
0.42 0:07 0.0 0.02 007 (.03 0-03
mean 0.49 005 01 0-01 . 037 -0.07 008
0.64 0.06 0-03 0.01 0-04
std 0.62 0 20.02 010 (.02 0.02
0.25 08 -0.06 02 -0.15 0-07
correlatio 0.18 0.04 0.01 0.07 : 0.01 0-04
n 1.00 0.09 -0.07
CSD 0.25 0.91 0.22 01 0.03 0.03 . -0.00
: 0.16 0 A 0.94 0 0.05 0.01
I 01 20.01 0.03 o'gg 0.74 0.0
44012 Effecti - . :
HadGEM2-ES 8 éi 0.13 0.34 9 0.09 %2 C.(ljvglrg.sogonse o -0.01
NCAR- ' 051007 0,05 006 -0.01 799 0,06 003
: 0.02 005 06 20.03 009
CESM1- 0.87 0.07 0.03 010 0.07 0-03 O. 0.00 -0.00 003
CAM4 . 0.77 0.05 0.08 001 _(.13 0.04 -0.05 * -0.00 0-03
NorESM1 0.10 4 0.05 008 (.08 0-02
MIROC- 0.58 0.61 005 (.05 001 _g g 0.04 0.02 297 -0.01 *%
SPRINTARS | 038 0.14 | 56006 (19 0.04 ' 0.01 %1 0.08 -9 0.08 009
GISS-E2- A2 1093004 _ ) -0.08 ™ 0.00 0-06
R 0.31 005 | .37 0.04 0.03 008 03 004
mean 051 : 0.01 001 .04 0:02 -0.09 910 1 0.06
std ' 0.53 -0.02 007 0.01
0.18 X 0.07 20.07 0.02 011 005
correlation 1.00 14 0.04 0.09 0.01 0.06 0' 0.01 0-03
CSD 0.18 0.81 0.09 _(‘) ) 0.03 0.02 -0.06 0.00
- 0.12 0 15 0.96 0.04 0.01
Tabl ' 0.02 0.04 -0.85
e S2: Same as S1 but for ch4 . . -0.01
AT A x3 experiments.
CabShz 27T MW, AW AWy, NS
adGEM2-ES | -2.71 019 DO 114990 00T . ASWy
NCAR- ' -1.00 913 _o.71 0.06 _0’121 0.06 -0.23 91T _0.42 o,lobgfdo OASUO}EE ACONV
CESM1- 148 007 ‘ -0.76 013 (.42 0-06 0'24 L, 003 0.05
CAM4 ' -0.65 0-05 1,09 001 (5 0-04 32 0.00 0-04
NorESM1 o1 ’ - 0.37 009 _p.14 0.0
- 10 14 0.02
MIROC- 1.65 -0.58 005 _ g7 001 0.02 0:04 -0.04 008 (03 0.05
-0.02 > - 0.
SPRINTARS _117 0.14 _033 0.06 _0 56 0.03 019 11 _026 0.04 0 29 011
GISS-E2-R . : 0.08 0:04  _ . 0.01 0-06
-0.93 0.10 0.0 0.39 0.06 0.1 0.04
mean -0.14 008 _1 g2 0.01 -0.19 ™ 0.20 0-09
td -L.77 -0.61 -0.23 0.03 1.17 0.08 0.01 0.04
° 0.70 ' -1.04 -0.08 : -0.09 %0 0.19 O
correlatio 0.31 0.40 ) -0.00 0 : -0.01 0-04
n 1.00 0.12 -25 0.20
CSD 0.96 -0.34 0.62 0.1 ‘ 0.01
0.70 : 0.40 13 0.12
0.30 0 0.68 - 0.01
CanESM2 14 005 0.42 o -0.43 4o
1 0.06 Effecti : 12 ) -U.
Had GEM2-ES 08497 10.3099% 0.35 7 T 0.05 -0.01
0.71 0-05 0.2 0.03 0.07 0.01 0 0.03
NCAR- 26 0.19 902 (.04 0:02 07 0.13 002 007
CESM1- 0.68 0.03 : 0.20 0.03 0.11 0.01 -0.07 0' ) -0.01 0.02
CAM4 ’ 0.30 0.02 0.51 0.00 -0.08 03 -0.00 0.01
NorESM1 ' 20.02 002 17004 (7001
0.0 : .07 ©
MIROC- 0.45 003 | .16 001 ()95 0.00 (1 0.01 0.02 0:04 ] 0.02
SPRINTARS | "% 0051012992 0.20 ©* . 0.05 %% 0.07 %0t -0.08 003
GISS-E2-R : -0.03 001 0 : -0.00 902
0.33 0.04 0.0 0.14 -02 0.0 0.01
mean 0.05 003 (.65 0-00 07 ™ ~0.07 0-03
0.57 0.08 0-01 -0.00 0-01
std 0.20 036 -0.42 0:03 (3 0.01
0.18 0 : 0.02 .03 -0.07 0-02
correlation 100 10 0.17 001 -0.02 0.08 : 0.00 001
CSD : 0.96 0.23 : 0.21 00 -0.06 -0.00
0.18 : 0.11 03 0.04
0.09 0 0.43 : 0.01
.04 0.00 0.87 092
0.09 0.03 0.0 -0.67
01 -0.00

Table S3:
3: Same as S1 but for sulxb experiment
S.



AT ALWy,  ASWor ALWeae ASWas  ASWapedo ASURF  ACONV
CanESM2 1.31920 1016 009 130002 _0.01 9% -0.19 010 (.14 004 -0.06 01 -0.03 005
HadGEM2-ES | 1.66 %™ | 0.66 %%  1.07 %06 _p08 0096 _09.05 %12 (.17 004 -0.09 %10 _p.01 003
NCAR-
CESM1- 0.42 908 |1 0,06 %6 .70 001 _0.17 004 _0.18 009 .02 0:02 0.00 %07 _0.01 0-05
CAM4
NorESM1 0.67 010 1 0,13 006 85001 _p 14004 _17010 (8003 -0.07 %11 _p.00 0-06
MIROC- 0.12 0.05 0.03 0.03 0.06 0.03 0.09 0.05
SPRINTARS | 016 -0.02 0.41 -0.10 -0.14 0.03 -0.02 0.00
GISS-E2-R 0.40 908 | 0.03 006 (.63 001 _0.01 903 .14 009 .01 003 -0.07 007 .1 0-04
mean 0.77 0.16 0.83 -0.08 -0.15 0.07 -0.05 -0.01
std 0.54 0.23 0.29 0.06 0.05 0.06 0.03 0.01
correlation 1.00 0.88 0.90 0.26 0.50 0.96 -0.60 -0.65
CSD 0.54 0.21 0.26 0.02 0.02 0.06 -0.02 -0.01

Effective response
CanESM2 0.84 013 70.10006 (.84 00T 001 003 _9.12007 (9 003 -0.04 908 _0.02 003
HadGEM2-ES | 1.18 %10 | 0.47 006 .76 004 _p.06 004 _0.03 008 (.12 003 -0.06 %97 -0.01 0:02
NCAR-
CESM1- 0.55 011 | 0.07 907 .91 001 022006 _23012 (2003 0.01 909 _0.02 0.07
CAM4
NorESM1 0.49 007 1 0.09 004 .62 001 _0.10 903 .13 907 .06 02 -0.05 008 _0.00 005
MIROC- 0.18 0.07 0.04 0.05 0.10 0.04 0.14 0.07
SPRINTARS | 0-25 -0.03 0.65 -0.15 -0.23 0.04 -0.04 0.01
GISS-E2-R 0.32 006 | 0,02 905 .51 901 _p.00002 -0.12008 ¢.01 002 -0.06 006 .01 0.03
mean 0.61 0.11 0.71 -0.09 -0.14 0.06 -0.04 -0.01
std 0.32 0.17 0.14 0.08 0.07 0.04 0.02 0.01
correlation 1.00 0.93 0.53 0.30 0.71 0.88 -0.21 -0.62
CSD 0.32 0.15 0.07 0.02 0.05 0.03 -0.00 -0.01
Table S4: Same as S1 but for bex10 experiments.
co2x2 ch4x3 sulxb bex10

CanESM2 345 075  -3.68 1.56
HadGEM?2 4.06 140  -4.25 241
NCAR-CESM1-CAM4 | 3.14  1.09  -1.50 0.41
NorESM1 295  0.92 -232 1.01
MIROC-SPRINTARS | 2.23 047 -1.64 0.24
GISS-E2-R 2.06 1.07 -1.34 0.59
mean 2.98 0.95 -2.46  1.04
std 0.60 029 1.12 0.75

Table S5: The equilibrium global temperature responses for each model and for each experiment calculated

with the Gregory -method.



