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Centre Model | Y. A ECS TCR n AT dAT

BCC bee-csml-1-m 3.36 1.15 291 2.07 1 0.97

BCC bce-csml-1 3.70 1.27 291 1.76 1 0.92

BNU BNU-ESM 3.77 0.93 4.07 2.54 1 0.99

CCCma CanESM2 3.76 1.01 3.71 2.30 5 1.16  0.05

CMCC CMCC-CM 1.01 1.98 1 0.75

CNRM-CERFACS CNRM-CM5 3.32 1.01 3.28 1.97 5 0.74  0.12

CSIRO-BOM ACCESSI1-0 4.26 1.09 3.90 1.77 1 0.70

CSIRO-BOM ACCESS1-3 397 1.09 3.63 1.60 1 0.79

CSIRO-QCCCE CSIRO-MKk3-6-0 4.76 1.09 4.36 1.69 10 0.68 0.08

INM inmcm4 1.48 0.72 2.05 1.29 1 0.42

IPSL IPSL-CM5A-LR 3.13 0.77 4.05 1.97 4 0.98 0.08

IPSL IPSL-CM5A-MR 0.54 1.98 1 0.93

IPSL IPSL-CM5B-LR 1.43 0.54 2.64 1.44 1 0.58

MIROC MIROC-ESM 2.58 0.54 475 2.01 1 0.70

MIROC MIROC5 1.47 0.54 2.70 1.47 3 0.73 0.08

MOHC HadGEM2-ES 252 054 4.64 243 4 0.95 0.14

MPI-M MPI-ESM-LR 5.48 1.49 3.66 2.01 3 0.77 0.04

MPI-M MPI-ESM-MR 274  0.78 3.51 2.03 1 0.84

MRI MRI-CGCM3 2.04 0.78 2.61 1.52 1 0.30

NASA-GISS GISS-E2-H 1.89  0.78 243 1.78 5 0.78 0.08

NASA-GISS GISS-E2-R 2.18 0.96 2.28 1.48 5 0.64  0.11

NCC NorESM1-ME 1.56 1.54 1 0.66

NCC NorESM1-M 4.57 1.56 2.93 1.39 1 0.66

NOAA-GFDL GFDL-CM3 2.45 0.61 4.03 1.76 1 1.08

NOAA-GFDL GFDL-ESM2G 142 061 2.34 1.21 1 0.71

NOAA-GFDL GFDL-ESM2M 149  0.61 2.46 1.37 1 0.63

NSF-DOE-NCAR CESM1-BGC 0.61 1.71 1 0.86

NSF-DOE-NCAR CESM1-CAMS5 1.09 2.29 3 0.78 0.07
Mean 2.98 0.90 3.30 1.80 232 0.78 0.08
SD 024 031 0.79 0.34 2,12 0.18 0.03

Table S1. Included CMIP5 models. Values were determined using the Gregory method, consistent with the CMIP6 values.



Model ECS A ) C Co vy Tf Ts

AWI-CM-1-1-MR 3.13 1.21 380 634 514 0.55 3.56 138.1
BCC-CSM2-MR 3.02 1.03 3.11 7.16  74.1 0.78 3.88 169.7
BCC-ESM1 3.34 094 312 684 962 066 422 2506
CAMS-CSM1-0 2.30 176 4.05 7.79 529 0.64 3.21 114.1
FGOALS-f3-L 3.00 135 404 7.6 710 0.71 3.44 154.3
CanESM5 5.66 064  3.61 6.69 739 0.55 554 2559
CNRM-CM6-1 4.90 0.73 359 6.20 111.1 0.58  4.69 348.7
CNRM-ESM2-1 4.75 064 3.03 6.39 114.3 056  5.28 388.7
ACCESS-CM2 4.70 0.71 334 698 86.9 060 5.23 271.5
ACCESS-ESM1-5 3.86 074 285 6.31 84.2 072 424 2349
E3SM-1-0 5.31 0.63 334  6.83 39.7 0.43 6.29 160.6
EC-Earth3-Veg 4.29 0.80 342 612 384 052 451 124.5
EC-Earth3 4.18 0.81 340  6.58 39.8 050  4.90 132.4
INM-CM4-8 1.83 1.48 2.71 4.39 279 0.80 1.89 54.8

INM-CM5-0 1.91 1.55 2.97 6.85 45.2 0.57 3.19 109.6
IPSL-CM6A-LR 4.53 0.77 349 637 589 0.47 506 2055
MIROC6 2.56 146 3.5 7.48 1716 066  3.51 378.7

HadGEM3-GC31-LL 5.55 062  3.45 6.77 724 0.55 564 2526
HadGEM3-GC31-MM  5.44 0.63 344 710 704 0.65 540 2257

UKESM1-0-LL 5.37 0.67 3.61 6.27 750 054  5.08 2574
MPI-ESM1-2-HR 2.95 1.25 370  6.46  81.1 072 3.23 178.7
MRI-ESM2-0 3.15 1.07 336 572 897 1.08 2.62 169.5
GISS-E2-1-G 2.71 144 391 5.44 142.3 0.88 2.33 261.5
GISS-E2-1-H 3.08 1.18 362 723 82.5 0.66  3.89 197.4
GISS-E2-2-G 2.40 1.58 379 7778  908.6  0.51 3.71 2340.9
CESM2-WACCM 4.71 069 326 588 794 0.85 3.73 212.9
CESM2 5.22 064 334 593 72.2 0.84 391 204.3
NorESM2-LM 2.56 1.33 342 294 100.6 1.09 1.21 168.5
GFDL-CM4 391 0.80 3.15 487 80.3 072  3.15 214.4
GFDL-ESM4 2.66 1.35 358 717 125.8 062  3.63 298.7
NESM3 4.69 0.82  3.85 4.93 98.4 0.48 3.77 328.6
SAMO-UNICON 2.83 1.06  3.01 326 215 0.75 1.75 50.4

Table S2. Values were determined following the algorithm described in Geoffroy et al. (2013a). For models that come closeto equilibrium
within the first 150 years, we made two slight adjustment to the algorithm allowing parameters to be estimated even in thecase that the
temperature in a certain year exceeded 2 X ECS. The long time scales (the second estimation step described in Geoffroy et al.(2013a)),
were estimated dropping those years after the first instance of a year that exceeded 2 X ECS to avoid taking the logarithm of negative values.
Similar problems occurred for a limited number of models when estimating the fast time scale. Here, we used direct least-squares
curve-fitting (using the scipy package curve_fit function) over the first ten years to estimate the parameter when taking a logarithm was

not possible.



Model ECS A Fa. C Co vy Tf Ts €

AWI-CM-1-1-MR 3.28 127 417  7.03 51.35 0.55 3.65 177.07 1.33
BCC-CSM2-MR 3.19 1.07 342 795 74.09 0.78 3.97 205.55 1.26
BCC-ESM1 3.63 0.93 339 746  96.15 0.66  4.27 323.42 1.29
CAMS-CSM1-0 2.38 1.86 443 8.67  52.86 0.64 332 146.40 1.33
FGOALS-f3-L 3.29 142 4.68 8.46  70.97 0.71 3.57 230.34 1.56
CanESMS5 5.77 0.66 380 6.83 75.11 0.55 540  274.38 1.08
CNRM-CM6-1 5.08 0.73 3.69 639 111.14 058 470 38593 1.10
CNRM-ESM2-1 4.40 0.65 287  6.04 11427 056 526 31570  0.82
ACCESS-CM2 5.56 0.68 379 795 86.93 0.60 529  410.60 1.48
ACCESS-ESM1-5 4.76 0.73 346  7.77 84.18 072 438 391.60 1.66
E3SM-1-0 5.83 0.63 3.68 757 39.65 0.43 6.44  222.54 1.41
EC-Earth3-Veg 4.57 0.85 38 7.04 3838 052  4.67 162.52 1.41
EC-Earth3 4.41 0.85 376 734 3984 050 5.03 167.79 1.34
INM-CM4-8 1.85 1.67 310 535 27.89 0.80  2.08 61.91 1.28
INM-CM5-0 1.98 1.63 322 758 4523 0.57 3.31 140.28 1.31
IPSL-CM6A-LR 491 0.77 379 695 58.95 047 512  271.14 1.33
MIROC6 2.70 144 387 773 171.58  0.66 3.51 458.47 1.18

HadGEM3-GC31-LL 6.00 0.62 371 729 7238 055 569 31024 1.23
HadGEM3-GC31-MM  5.64 0.64 359 745 7044 0.65 544  249.61 1.12

UKESM1-0-LL 5.65 0.67 380  6.61 75.96 054 511 297.04 1.16
MPI-ESM1-2-HR 3.21 1.33 426 755 81.08 0.72 332 247.80 1.47
MRI-ESM2-0 3.33 1.18 394 695 89.72 1.08 276  202.70 1.32
GISS-E2-1-G 2.76 146 402 5.64 142.31 0.88 235 278.99 1.07
GISS-E2-1-H 3.19 1.19 380 7.62 8246 0.66 393 225.62 1.16
GISS-E2-2-G 2.08 1.79 372 7.65 908.63 0.51 3.71 969.30  0.50
CESM2-WACCM 5.61 0.73 408 754 7942 0.85 392 32155 1.60
CESM2 6.44 0.67 430 786 7219 0.84 4.15 331.02 1.71
NorESM2-LM 2.95 1.69 498 447 100.55 1.09 1.29  261.79 1.93
GFDL-CM4 4.84 085 410 650 80.33 0.72 3.31 372.34 1.84
GFDL-ESM4 2.73 1.35 3.67 7.36 125.75 0.62 3.63 332.29 1.11
NESM3 4.69 0.82  3.85 4.93 98.38 0.48 3.77 329.87 1.00
SAMO-UNICON 2.84 1.12 3.19 3.31 21.53 0.75 1.63  49.86 1.09

Table S3. Values were determined following the algorithm described in Geoffroy et al. (2013b). The same modifications tothe algorithm

were made as in Table S2.
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Supplementary Figure 1. Comparison of two functions describing the relationship between observed warming and climate sensitivity. The
analytical function (black) corresponding to Equation 14 in Geoffroy et al. (2013a), not only depends on ~y and the forcing, but also on the
heat capacity of the two layers, for which typical values were chosen of C'=8 and Cy = 100. The linear forcing was 1/140F>x, and the
function was evaluated between year 20 and 70, to cancel transient effects. The parameter s’ was chosen to be 5/14, and ¢’ is 0.18. The blue
and orange lines are both drawn using ECS = AT'/(s" — €/ AT'), where in the latter case, the parameters are chosen to approximate the full

equation as closely as possible.
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