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Model K1 p) K3 Cl 02 03 € Y O¢ Oy F4><002 ECS TCR
ACCESS-CM2 0.67 281 0.68 373 11.6 86 1.35 1.62 053 045 7.19 536 248
ACCESS-ESM1-5 0.70 3.58 0.84 3.77 89 87 1.56 274 0.60 0.64 6.56 4.69 2.00
AWI-CM-1-1-MR 1.22 1.79 066 4.14 11.0 47 1.32 397 0.65 094 8.02 3.28 2.17
BCC-CSM2-MR 1.06 2.13 0.85 4.16 11.8 63 1.25 230 034 054 6.71 3.15 1.87
BCC-ESM1 0.88 148 091 535 158 77 1.29 1.88 0.31 039 6.25 3,53 191
CAMS-CSM1-0 1.88 532 0.65 261 9.1 52 1.25 27.69 045 266 8.86 235 1.73
CAS-ESM2-0 093 250 0.67 3.56 8.6 55 1.33 1.89 041 052 697 374  2.18
CESM2 0.65 388 090 483 64 71 1.68 280 049 0.71 8.18 6.29 249
CESM2-FV2 054 401 101 386 7.0 86 1.75 271 0.61 0.88 7.36 6.84 224
CESM2-WACCM 0.72 733 0.84 382 6.2 85 1.59 2.98 0.51 0.70 8.07 5.60 231
CESM2-WACCM-FV2 0.56 352 094 339 95 107 150 289 053 094 6.73 598 2.16
CIESM 0.68 2.65 1.00 528 11.6 69 1.35 0.81 0.55 036 848 6.26 2.69
CMCC-CM2-SR5 1.08 215 072 348 115 53 1.29 2558 0.80 2.69 8.08 3.74  2.30
CNRM-CM6-1 0.78 1.56 0.67 3.22 16.1 116 091 24.01 047 167 7.32 4770  2.66
CNRM-CM6-1-HR 094 199 0.65 4.16 118 90 0.80 7.10 048 0.69 7.70 410 257
CNRM-ESM2-1 0.68 2.62 0.69 353 7.6 104 0.83 4.67 0.50 0.89 5.90 435 239
CanESM5 0.62 248 0.61 3.63 106 73 1.12 262 048 042 7.33 593 292
E3SM-1-0 0.58 237 037 3.65 9.6 42 149 307 0.60 091 7.05 6.03 3.10
EC-Earth3 0.82 2.65 056 324 105 34 1.25 2538 0.74 226 7.12 433 253
EC-Earth3-Veg 0.84 232 0.60 324 103 31 126 2591 0.69 2.68 7.48 446 2.65
FGOALS-f3-L 144 565 071 197 104 71 1.52 29.14 0.63 275 933 325 202
FGOALS-g3 126 2.84 091 4.07 7.8 91 126 120 044 024 7.65 3.04 1.86
FIO-ESM-2-0 0.87 4.67 0.87 3.02 84 91 1.32 2596 0.60 1.62 8.13 4.67 231
GFDL-CM4 1.00 279 125 531 02 81 1.81 272 071 0.95 9.02 450 2.19
GFDL-ESM4 138 192 084 432 10.6 124 1.02 4.32 049 1.07 7.36 2.66 1.79
GISS-E2-1-G 144 2.09 120 359 106 163 1.09 2.89 0.66 0.53 8.02 278 1.76
GISS-E2-1-H 1.11 431 0.78 224 9.7 78 1.19 362 059 055 7.20 325 193
GISS-E2-2-G 197 192 063 360 11.3 314 044 239 054 054 8.04 2.04 1.68
HadGEM3-GC31-LL 0.61 285 0.64 387 93 66 1.17 3.13  0.61 046 7.22 591 2383
HadGEM3-GC31-MM 0.65 2.01 0.69 340 14.1 65 1.04 3.13 0.43 050 7.16 5.54 277
IITM-ESM 1.99 280 1.00 3.76 12.0 150 1.06 2.95 054 1.15 943 237  1.67
INM-CM4-8 1.58 190 055 435 98 22 145 251 026 044 594 1.88 141
INM-CM5-0 1.54 190 0.58 458 114 49 145 192 032 044 6.23 202 142
IPSL-CM6A-LR 0.72 176 048 340 132 62 128 322 049 090 7.05 490 2.70
KACE-1-0-G 0.73 3.63 0.87 254 8.7 101 125 208 035 036 7.80 5.36 250
KIOST-ESM 093 3.05 095 215 9.6 95 1.41 235 032 061 7.22 3.87 199
MIROC-ES2L 195 1.71 070 4.56 16.6 204 045 1.95 095 0.71 8.81 225 1.78
MIROC6 200 1.20 060 427 229 350 038 186 089 0.71 8.57 2.15 1.71
MPI-ESM-1-2-HAM 1.30 2.14 097 493 14.6 105 138 254 049 055 848 327 194
MPI-ESM1-2-HR 1.17 159 1.11 512 236 73 1.56 349 044 057 7.82 334 1.89
MPI-ESM1-2-LR 1.40 195 1.07 5.15 10.7 95 126 240 0.71 047 8.93 3.19 201
MRI-ESM2-0 1.11 285 125 424 105 94 1.33  2.99 0.52 098 7.56 341 1.80
NESM3 096 1.05 048 249 19.2 126 0.72 2.80 027 055 8.15 423 285
NorCPM1 1.03 207 133 572 176 92 1.51 1.81 0.50 049 7.26 352 175
NorESM2-LM 1.70 156 721 456 04 120 1.61 1.68 074 130 9.40 276 1.64
NorESM2-MM 1.96 0.79 723 412 1215 O 1.20 149 0.66 1.31 9.10 232 171



SAMO-UNICON 1.04 269 1.03 463 63
TaiESM1 0.87 231 092 506 9.0
UKESM1-0-LL 0.66 2.60 061 292 113

111 125 244 0.64 080 836
91 123 2.04 069 046 8.15
73 .13 355 044 050 7.38

4.01
4.67
5.63

2.20
2.44
2.84

Table S1: Parameters of the three-layer stochastic energy balance model for 49 CMIP6 4 x CO, forcing experiments. The ECS
and TCR are calculated from the eigenvalue decomposition (see Leach et al. (2021)).

PRIMAP-Hist category ~ Gas Lifetime (yr) (AR6) GWPigo (AR6)  Emissions scaling factor
N2O N2O 109 273 1.08
NF3 NFs3 569 17400 7.45
SFg SFs 3200 25200 1.05
HFCs HFC-23 228 14600 1.14
HFC-32 54 771 1.90
HFC-125 30 3740 0.85
HFC-134a 14 5810 1.07
HFC-143a 51 5810 0.91
HFC-152a 1.6 164 1.10
HFC-227ea 36 3600 1.07
HFC-236fa 213 8690 1.09
HFC-245fa 7.9 962 0.97
HFC-365mfc 8.9 914 0.96
HFC-4310mee 17 1600 1.03
PFCs CF4 50000 7380 1.34
CqFg 10000 12400 1.51
CsFs 2600 9290 1.72
c-C4Fg 3200 10200 1.68
C4F10 2600 10000 1.71
CsF12 4100 9220 1.75
CeF14 3100 8620 1.21
CF16 3000 8410 1.37
CgFis 3000 8260 1.54

Table S2. Data relating to the non-COz, non-CH4 greenhouse gas emissions scalings used in fair—-calibrate vl1.4.1. The GWPiq9
values are used for the HFC and PFC disaggregations. Note this is not an exhaustive list of minor greenhouse gases in FalR (refer to Leach
et al. (2021) for the default species used in the model).

Parameter name

Domain

Description

cc_co2_concentration_1750  Carbon cycle

CO» concentration in 1750 (section 3.2.4)

cc_rA Carbon cycle r4 ineq. (7)

cc_rU Carbon cycle r4 ineq. (7)

cc_rT Carbon cycle rr ineq. (7)

cc_r0 Carbon cycle ro in eq. (7)

ari_BC Aerosol-radiation ERFari contribution from BC emissions (table 3)
ari_OC Aerosol-radiation ERFari from OC emissions (table 3)



ari_Sulfur
ari_NH3
ari_NOx
ari_VOC
ari_CH4
ari_N20
ari_ EESC

Aerosol-radiation
Aerosol-radiation
Aerosol-radiation
Aerosol-radiation
Aerosol-radiation
Aerosol-radiation
Aerosol-radiation

ERFari from SO, emissions (table 3)
ERFari from NH3 emissions (table 3)
ERFari from NOx emissions (table 3)
ERFari from VOC emissions (table 3)
ERFari from CHy4 concentration (table 3)
ERFari from N5O concentration (table 3)
ERFari from EESC (table 3)

aci_shape_so2
aci_shape_bc
aci_shape_oc

Aerosol-cloud
Aerosol-cloud
Aerosol-cloud

$s0z2 in eq. (8)
spc ineq. (8)
soc in eq. (8)

aci_beta Aerosol-cloud B ineq. (8)

clim_F_4xCQO2 Climate response  Effective radiative forcing for quadrupled CO9
clim_cl Climate response (' in eq. (1)

clim_c2 Climate response ~ C3 in eq. (2)

clim_c3 Climate response  C's in eq. (3)

clim_kappal Climate response k1 ineq. (1)

clim_kappa2
clim_kappa3
clim_epsilon
clim_gamma
clim_sigma_eta
clim_sigma_xi

Climate response
Climate response
Climate response
Climate response
Climate response
Climate response

ko in egs. (1) and (2)

Ko in egs. (2) and (3)

eineq. (3)

v in eq. (4)

Standard deviation of £ in eq. (1)
Standard deviation of 7 in eq. (4)

03_CH4 Ozone Contribution to Oz from CHy (table 4)

03_N20 Ozone Contribution to O3z from N5O (table 4)
03_EESC Ozone Contribution to Oz from EESC concentration (table 4)
03_VOC Ozone Contribution to O3 from VOC (table 4)

03_CO Ozone Contribution to O3z from CO (table 4)

03_NOx Ozone Contribution to O3 from NOxX (table 4)
fscale_CO2 Forcing Scale factor for CO» forcing (table 5)
fscale_CH4 Forcing Scale factor for CH4 forcing (table 5)
fscale_N20 Forcing Scale factor for NoO forcing (table 5)
fscale_minorGHG Forcing Scale factor for other GHG forcing (table 5)
fscale_stratH20 Forcing Scale factor for H,O from CHy4 forcing (table 5)
fscale_LAPSI Forcing Scale factor for BC on snow forcing (table 5)
fscale_landuse Forcing Scale factor for land use forcing (table 5)
fscale_volcanic Forcing Scale factor for volcanic forcing (table 5)
fscale_solar_trend Forcing linear trend in solar forcing (table 5)
fscale_solar_amplitude Forcing Scale factor for amplitude of solar cycle (table 5)

Table S3: The 45 parameters or inputs to FalR that are probabilistically sampled in fair-calibrate vl1.4.1 and v1.4.0.
Table or section numbers refer to the main text and indicate prior distributions for fair-calibrate v1.4.1. Where no
table or section number is given, the prior distribution is a kernel density estimate from CMIP6 model calibrations. Horizontal
lines deliminate components of the Earth system that are calibrated together, and for kernel density estimates describe those
components where the prior distributions are correlated.



(a) Equilibrium climate sensitivity (b) Transient climate response
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Figure S1. Comparisons of the theoretical (a) ECS and (b) TCR derived from the impulse-response formulation of the energy balance model
(Leach et al., 2021) with the model-calculated values from abrupt-2xCO; and 1pctCO2 simulations in FalR.
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Figure S2. As for fig. 2, showing NF3 as an example where (a) a large scaling factor applied to the historical emissions better reproduces
concentrations, and (b) when applied, future concentration projections are in line with the CMIP6 SSPs (Meinshausen et al., 2020).



(a) CHy4 lifetime
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Figure S3. As for fig. 3, for fair-calibrate v1.4.0. Subplot (b) shows projected concentrations under SSP3-7.0 with each AerChemMIP
model’s estimates lifetimes from (a).
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Figure S4. Comparison of (a) CO2 emissions and (b) CH4 emissions used in fair—-calibrate v1.4.0 (black) and v1.4.1 (red).



Distributions and correlations of CMIP6 calibrations
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Figure S5. Matrix plot showing the calibrated parameters from the three-layer energy balance model, their distributions (on the diagonal) and
correlations between parameters (off diagonal). These model-fitted parameters are used to draw an 11-dimensional kernel density estimate
that is sampled from to inform the climate response.



Target Reweighted posterior Relative difference

Metric | lower central upper | lower central upper | lower central upper | Fit?

ECS (K) 2.00 3.00 5.00 2.01 2.99 4.94 0% 0% —1% | Yes

TCR (K) 1.20 1.80 2.40 1.30 1.81 2.38 +9% 0% —1% | Yes

GMST 2003-2022 rel. 1850-1900 (K) 0.87 1.03 1.13 0.88 1.03 1.14 +1% 0% +1% | Yes

EEU 2020 rel. 1971 (ZJ) | 356.8 4653 573.8 | 3505 4679 5694 —2% +1% —1% | Yes

Aerosol ERF 2005-2014 rel. 1750 (W m~2) | —2.0 -13 -06 | —-1.98 —-1.30 —0.58 —1% 0% —4% | Yes

ERFari 20052014 rel. 1750 W m™?) | —0.6 -0.3 0.0 | —0.58 —0.29 +0.01 —4% —4% Yes

ERFaci 20052014 rel. 1750 (W m™2) | —1.7 -1.0 -03 | —-1.68 —-0.98 —0.34 —1% —2%  +12% | Yes

CO; concentration 2022 (ppm) | 416.2  417.0 417.8 | 4162  417.0 4179 0% 0% 0% | Yes
WMGHG ERF 2019 rel. 1750 (W m~?) 3.03 332 3.61 3.01 3.28 3.57 —1% —1% —1%
CH,4 ERF 2019 rel. 1750 (W m™?) 0.43 0.54 0.65 0.44 0.56 0.67 +3% +3% +2%
Airborne fraction at 2xCO2* 0.43 0.53 0.63 0.50 0.51 0.52 | +16% —4% —18%
Airborne fraction at 4 x CO2* 0.44 0.60 0.76 0.53 0.58 0.62 —3% —19%
TCRE* (K (1000 GtC)™") 0.58 1.65 2.72 1.16 1.57 2.07 —5% @ —24%
SSP1-1.9 2021-2040 rel. 1995-2014 (K) 0.38 0.61 0.85 0.35 0.59 0.91 —9% —4% +8%
SSP1-1.9 2041-2060 rel. 1995-2014 (K) 0.40 0.71 1.07 0.33 0.71 1.26 | —18% —1% @ +18%

SSP1-1.9 2081-2100 rel. 1995-2014 (K) 0.24 0.56 0.96 0.14 0.58 1.35 | —40% +4%

SSP1-2.6 2021-2040 rel. 1995-2014 (K) 0.41 0.63 0.89 0.37 0.61 092 | —10% —4% +3%
SSP1-2.6 2041-2060 rel. 1995-2014 (K) 0.54 0.88 1.32 0.48 0.87 144 | —11% —2% +9%
SSP1-2.6 2081-2100 rel. 1995-2014 (K) 0.51 0.90 1.48 0.39 0.89 1.73 | —23% —1% +17%
SSP2-4.5 2021-2040 rel. 1995-2014 (K) 0.44 0.66 0.90 0.40 0.60 0.86 —8% —8% —4%
SSP2-4.5 2041-2060 rel. 1995-2014 (K) 0.78 1.12 1.57 0.71 1.06 1.54 —9% —6% —2%
SSP2-4.52081-2100 rel. 1995-2014 (K) 1.24 1.81 2.59 1.06 1.71 2.68 | —14% —6% +3%
SSP3-7.0 2021-2040 rel. 1995-2014 (K) 0.45 0.67 0.92 0.41 0.59 0.83 —8% « —13% —9%
SSP3-7.0 2041-2060 rel. 1995-2014 (K) 0.92 1.28 1.75 0.86 1.15 1.56 —7% —10% —11%
SSP3-7.0 2081-2100 rel. 1995-2014 (K) 2.00 2.76 3.75 1.85 2.53 3.52 —8% —8% —6%
SSP5-8.5 2021-2040 rel. 1995-2014 (K) 0.51 0.76 1.04 0.48 0.69 1.02 —7% —9% —2%
SSP5-8.5 2041-2060 rel. 1995-2014 (K) 1.08 1.54 2.08 1.01 1.45 2.06 —6% —6% —1%
SSP5-8.52081-2100 rel. 1995-2014 (K) 2.44 3.50 4.82 2.32 3.35 4.78 —5% —4% —1%

Table S4. As for table 5 for fair-calibrate v1.4.0. Dark shading is more than 20% from the target for upper and lower ranges and 10%
for the central. Paler shading is more than 10% from the target for upper and lower ranges and 5% for the central.
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