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Supplementary Tables

Table S1: ECSiy posteriori mean, median, 5 and 95 percentiles for the different analysis
and sensitivity tests. These numbers correspond to the values in Fig. 1.

Mean Median Sperc  95perc

Skeie 18, AR5 prior 1.95 1.85 1.17 3.07
Update obs. end year 2014 1.99 1.92 1.31 2.92
Replace ARS prior with AR6 1.99 1.94 1.38 2.79
End year2019 2.02 1.98 1.43 2.76
Base 2.12 2.09 1.50 2.87
Replace ARG prior with AR6 extended 2.19 2.15 1.52 2.98
Update obs. end year 2019 2.19 2.16 1.53 2.94
Base extended (end year 2022) 2.22 2.20 1.55 3.00
Smooth 2.16 2.12 1.53 2.90
Linear1750to1900 2.10 2.06 1.48 2.83
Weaker1900to1950 2.12 2.09 1.50 2.87
Stronger1900to1950 2.07 2.04 1.47 2.77
Weaker1950to1980 2.22 2.17 1.52 3.09
Stronger1950to1980 1.97 1.94 1.41 2.60
StrongerWeaker1980t02019 1.95 1.93 1.44 2.55
Stronger1980t02019 2.18 2.14 1.50 3.00
LinWeaker2014t02019 2.06 2.03 1.49 2.73
Linear1950t01990 2.25 2.21 1.56 3.09
Linear1950t02000 2.34 2.28 1.57 3.33
Linear1950t02010 2.33 2.27 1.54 3.36
Linear1950t02019 2.11 2.07 1.44 291
Linear1950to1980 then flat 2.35 2.29 1.58 3.29
Linear1950t0o1990 then flat 2.41 2.34 1.55 3.50
Linear1950t02000 then flat 2.46 2.36 1.54 3.65

Unc. in 1950 and 2014 independent 2.25 2.17 1.44 3.32




Table S2: Transient Climate Response (TCR) posteriori mean, median, 5 and 95
percentiles for the different analysis and sensitivity tests. These numbers correspond to the
values in Fig. S9.

Mean Median Sperc  95perc

Skeie 18, ARS prior 1.43 1.38 0.94 2.06
Update obs. end year2014 1.45 1.41 1.02 1.99
Replace ARS prior with AR6 1.51 1.48 1.10 2.02
End year2019 1.54 1.52 1.14 2.02
Base 1.54 1.52 1.12 2.00
Replace ARG6 prior with AR6 extended 1.57 1.56 1.14 2.06
Update obs. end year 2019 1.57 1.56 1.14 2.04
Base extended (end year 2022) 1.59 1.57 1.14 2.07
Smooth 1.56 1.54 1.15 2.02
Linear1750to1900 1.51 1.50 1.11 1.96
Weaker1900to1950 1.53 1.52 1.12 1.99
Stronger1900to1950 1.51 1.50 1.11 1.94
Weaker1950to1980 1.58 1.56 1.14 2.09
Stronger1950to1980 1.45 1.44 1.07 1.87
StrongerWeaker1980t02019 1.45 1.44 1.09 1.85
Stronger1980t02019 1.56 1.54 1.13 2.05
LinWeaker2014t02019 1.51 1.49 1.12 1.93
Linear1950to1990 1.60 1.59 1.17 2.09
Linear1950t02000 1.64 1.62 1.16 2.19
Linear1950t02010 1.63 1.61 1.14 2.19
Linear1950t02019 1.53 1.51 1.09 2.02
Linear1950t01980 then flat 1.65 1.64 1.17 2.19
Linear1950t01990 then flat 1.67 1.65 1.15 2.26
Linear1950t02000 then flat 1.69 1.66 1.15 2.33

Unc. in 1950 and 2014 independent 1.58 1.55 1.09 2.18




Table S3:Total anthropogenic ERF prior and posteriori mean, median, 5 and 95
percentiles for the different analysis and sensitivity tests for the end year. These numbers
correspond to the values in Fig. 2b.

mean median  Sperc 95perc

Prior:

ARS prior2014 2.38 2.4 1.23 3.45
ARG prior 2014 2.36 2.36 1.55 3.17
ARG prior 2019 2.72 2.72 1.96 3.48
ARG extended prior 2019 2.63 2.64 1.8 3.44
ARG extended prior 2022 291 291 2.19 3.63
Posterior:

Skeie 18, ARS prior 2.46 2.44 1.44 3.54
Update obs. end year 2014 2.59 2.56 1.72 3.53
Replace ARS prior with AR6 2.94 2.93 2.40 3.51
End year2019 3.22 3.21 2.69 3.77
Base 3.15 3.14 2.64 3.68
Replace ARG6 prior with AR6

extended 3.00 2.99 2.48 3.55
Update obs. end year 2019 2.97 2.96 2.48 3.50
Base extended (end year 2022) 3.17 3.16 2.69 3.67
Smooth 3.12 3.11 2.62 3.65
Linear1750to1900 3.11 3.10 2.60 3.66
Weaker1900to1950 3.16 3.16 2.67 3.69
Stronger1900to1950 3.16 3.15 2.65 3.69
Weaker1950to1980 3.06 3.05 2.52 3.64
Stronger1950to1980 3.28 3.27 2.78 3.78
StrongerWeaker1980t02019 3.29 3.29 2.81 3.79
Stronger1980t02019 3.19 3.18 2.69 3.71
LinWeaker2014t02019 3.37 3.36 291 3.83
Linear1950to1990 3.02 3.01 2.50 3.58
Linear1950t02000 2.92 2.90 2.35 3.53
Linear1950t02010 2.81 2.80 2.19 3.49
Linear1950t02019 2.82 2.81 2.15 3.54
Linear1950to1980 then flat 2.79 2.77 2.23 3.41
Linear1950t01990 then flat 2.71 2.69 2.10 3.39
Linear1950t02000 then flat 2.64 2.62 1.98 3.36

Unc. in 1950 and 2014 independent 3.14 3.13 2.57 3.74




Table S4: Total aerosol ERF prior and posteriori mean, median, 5 and 95 percentiles for
the different analysis and sensitivity tests for the end year. These numbers correspond to
the values in Fig 3b.

mean median  Sperc 95perc

Prior:

ARS prior2014 -0.94 -0.90 -1.92 -0.08
ARG prior 2014 -1.20 -1.19 -1.91 -0.49
ARG prior 2019 -1.06 -1.06 -1.71 -0.42
ARG extended prior 2019 -1.17 -1.16 -1.89 -0.48
ARG extended prior 2022 -0.98 -0.98 -1.58 -0.41
Posterior:

Skeie 18, ARS prior -0.89 -0.87 -1.82 -0.01
Update obs. end year 2014 -0.80 -0.78 -1.64 0.00
Replace ARS prior with AR6 -0.67 -0.67 -1.13 -0.19
End year2019 -0.62 -0.62 -1.03 -0.20
Base -0.68 -0.68 -1.07 -0.28
Replace ARG6 prior with AR6 extended -0.85 -0.85 -1.26 -0.41
Update obs. end year 2019 -0.87 -0.87 -1.26 -0.46
Base extended (end year 2022) -0.76 -0.77 -1.10 -0.41
Smooth -0.71 -0.71 -1.10 -0.31
Linear1750to1900 -0.71 -0.71 -1.12 -0.29
Weaker1900to1950 -0.66 -0.66 -1.04 -0.27
Stronger1900to1950 -0.66 -0.67 -1.05 -0.26
Weaker1950to1980 -0.74 -0.75 -1.17 -0.29
Stronger1950to1980 -0.56 -0.56 -0.92 -0.20
StrongerWeaker1980t02019 -0.54 -0.54 -0.88 -0.20
Stronger1980t02019 -0.63 -0.64 -1.01 -0.24
LinWeaker2014t02019 -0.46 -0.46 -0.72 -0.19
Linear1950to1990 -0.79 -0.80 -1.22 -0.35
Linear1950t02000 -0.88 -0.88 -1.35 -0.38
Linear1950t02010 -0.96 -0.97 -1.48 -0.40
Linear1950t02019 -0.94 -0.94 -1.51 -0.35
Linear1950to1980 then flat -1.00 -1.01 -1.47 -0.51
Linear1950to1990 then flat -1.06 -1.07 -1.58 -0.51
Linear1950t02000 then flat -1.11 -1.12 -1.66 -0.52

Unc. in 1950 and 2014 independent -0.80 -0.81 -1.21 -0.36
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Figure S1: Prior ERF timeseries for the different forcing components. The shading and the
dashed lines indicate the 90 % uncertainty ranges, and the solid line is the median ERF
time series. Values from IPCC AR5 (Myhre et al., 2013) with historical uncertainty as
implemented in Skeie et al. (2018) are shown in blue, from IPCC ARé (Forster et al., 2021)
in orange and IPCC AR6 extended to 2022 (Forster et al., 2023) in green. The components
plotted here are the components included in IPCC ARS5. For AR6 and ARé extended the
ERF for CO,, CHa, N2O and other well mixed greenhouse gases are used separately and
the sum of these are shown here as Long lived GHGs. In AR6 and ARé6 extended the total
aerosol ERF are split between ERFari and ERFaci but the sum is shown here for
comparison with AR5. Note that the scale on y-axis differ and that uncertainties in contrail
forcing was incorrectly implemented in Skeie et al. (2018) as ERF should have been zero
before 1930.
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Figure S2: Same as Fig. S1, but ERF priors for a shorter period is shown.
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Figure S3. Hemispheric annual mean surface temperature for the three different
observational based series (Table A2) used in the estimation. Temperatures are plotted
relative to a 1960-1990 baseline and the shading indicates uncertainty of one standard
deviation. The colored lines are the updated values to 2022 used in "Base extended”,
while the black dashed lines are the values up to 2019 used in “Base”.
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Figure S4: The observational based series for OHC used in “Base” as listed in Table A2.
OHC anomalies (relative to reference period 2005 to 2015) for upper 700 meter in a) and
700 meters to 2000 meters in b). GCOS data from von Schuckmann et al. (2023) is added
to the figure. The dashed black line in b) is GCOS data below 700 meters that includes
OHC below 2000 meters.
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Figure S5: Anomalies for observed ocean heat content. OHC 0-700 meters (left) and OHC
700-2000 meters (right) for the different time series (Table A2). The blue lines are the
updated data up to 2022 used in "Base extended” while the dashed orange lines are the
data up to 2019 used in “Base”. The OHC data are plotted relative to a 2005 to 2015
baseline.
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Figure S6: The uncertainties in the observational based series for OHC (Table A2). In a) for
the upper 700 meters and in b) for 700 to 2000 meters.
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Figure S7: Prior total aerosol ERF time series for “Base” and for the aerosol ERF sensitivity
tests. The mean value is indicated by a line and 90% uncertainty range by the shading.
Both the ERFari and ERFaci are adjusted in the sensitivity tests, and the sensitivity test are
described in Table A3.
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Supplementary Figures Results
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Figure S9: Posterior Transient Climate Response (TCR) for the different analyses and
sensitivity tests. The 90% C.I. is indicated by a solid line and the mean values as a dot. The
vertical lines indicate the posterior mean value and 90% C.I. for “Smooth”, as it is used as a
starting point for the “Linear” sensitivity tests shown. The TCR central estimate, and likely
(66% probability) and very likely (0% probability) ranges from IPCC AR6 (Forster et al.,
2021) are shown in grey colours at the bottom. The posterior mean, median and 5 and 95
percentiles are presented in Table S2.
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Figure S10: Prior and posteriori distribution for the historical ERFs for all forcing
components included in “Base”. The prior median is shown as dashed line and the 5% and
95% percentile as dotted lines. The posterior median is shown as solid line and the 5% to
95% range as shading. In addition, the total aerosol ERF which is the sum of Aerosol ERFaci
and Aerosol ERFari as well as the Anthropogenic ERF is shown.
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Figure S11: Posterior ERF time series for total aerosol ERF for the sensitivity tests. The
mean value is indicated by a thick line and 90% C.I. by dashed lines. The gray shading
indicate the 90% C.I. ARé prior (in a,b) and the smoothed ARé prior (in ¢,d) for reference.
The priors for the individual tests are presented in Fig. S7.

Posterior: Anthropogenic ERF

L)
— Base Base Smooth Smooth
—— Smooth Linear1750t01900 A Linear1950t01990 Linear1950t01980 then flat
Prior (Base) Weaker1900t01950 f Linear1950t02000 Linear1950t01990 then flat
Stronger1900to1950 Linear1950t02010 Linear1950t02000 then flat
3 Weaker1950t01980 Linear1950t02019 Prior (Smooth)
Stronger1950t01980 Prior (Smooth)
StrongerWeaker1980to2019 .|
Stronger1980t02019 J
LinWeaker2014t02019

N

ERF [W m~2]

N

ERF [W m~2]

Prior (Base)

N

ERF [W m~2]

[N}

ERF [W m~2]

1850 1875 1900 1925 1950 1975 2000

1850 1875 1900 1925 1950 1975 2000

1850 1875 1900 1925 1950 1975 2000

1850 1875 1900 1925 1950 1975 2000

Figure S12: Same as Fig. S11, but for total anthropogenic ERF. The prior for the individual
tests are presented in Fig. S8.
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Figure S13: The ECSiy(a) and TCR (b) probability density functions (PDF) for the “Base
extended” using the best estimate of 2xCO2 ERF from IPCC AR6 (blue) and the 2xCO2
ERF corresponding to the posterior value of the CO2 ERF in 2022 (orange). To get the
2xCO2 ERF corresponding to the posterior value of CO2 ERF, we scale the AR6 best
estimate for 2xCO2 of 3.93 W m?(Forster et al., 2021) with the ratio of the posteriori value
for each ensemble member and the prior mean value for the CO, ERF for the end year.
Similarly, we use the same scaling factor adjusting the ERF for 1% per year increase in CO;
concentration used for the TCR calculation.
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