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1. Text S1: Changes in effective radiative forcing by species between MAGICC6 and
the ARG6-calibration of MAGICCv7.5.3

2. Text S2: Reasons for the higher warming projections in MAGICC6 compared to the
projections from MAGICCv7.5.3 when it is calibrated to HadCRUT4.6.0.0, a rough proxy
for the ARbH assessment

3. Figure S1: Difference between the emulator output underlying the SR1.5 scenario
categorisation and alternate emulator output for exceedance probabilities of 1.5°C and
2°C warming for 2100 and peak

4. Figure S2: Projected median and upper 67% warming projections for SR1.5 scenarios
are between MAGICC6, AR6-calibrated MAGICCv7.5.3, AR6-calibrated FalR1.6 and the

SR1.5 FalR 1.3 version.

5. Figure S3: Difference between the emulator output underlying the SR1.5 scenario
categorisation and alternate emulator output for median and 67'"-percentile projections
for 2100 and peak temperatures

6. Figure S4: Relationship between exceedance probabilities and temperature projec-
tions across multiple emulators

7. Figure S5: Difference between the emulator output underlying the SR1.5 scenario
categorisation and the RCMIP Phase 2 calibration of MAGICCv7.5.3 for median and
67"-percentile projections for 2100 and peak temperatures

8. Figure S6: Difference between the emulator output underlying the SR1.5 scenario

categorisation and the RCMIP Phase 2 calibration of MAGICCv7.5.3 for median and
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67"-percentile projections for 2100 and peak temperatures shown as histogram rather
than scatter plot

9. Figure S7-S8, S12-S15: Comparison of output from the emulator underlying the
SR1.5 scenario categorisation (MAGICC6) and the AR6-calibration of MAGICCv7.5.3

10. Figure S9: CO5 and CHy4 concentration projections from the AR6-calibrated MAG-
ICCv7.5.3 and FalRv1.6.2

11. Figure S10: Difference between the AR6-calibrated MAGICCv7.5.3 and ARG6-
calibrated FalRv1.6.2 emulators for median and 67 -percentile projections for 2100 and
peak temperatures

12. Figure S11: Difference between the AR6-calibrated MAGICCv7.5.3 and ARG6-
calibrated FalRv1.6.2 emulators for median and 67 -percentile projections for 2100 and
peak temperatures shown as histogram rather than scatter plot

13. Figure S12-S17: Comparison of output from the emulator underlying the SR1.5 sce-
nario categorisation (MAGICC6) and the RCMIP Phase 2 calibration of MAGICCv7.5.3

14. Figure S18-S21: Comparison of more output from the emulator underlying the
SR1.5 scenario categorisation (MAGICC6) and the AR6-calibration of MAGICCv7.5.3

15. Table S1: Emulator model versions, their key characteristics and the main purpose
for their use in this study
Text S1.

Here we discuss the reasons for the higher warming projections in MAGICC6 compared
to the projections from MAGICCv7.5.3 when it is calibrated to HadCRUT4.6.0.0 (as

used in RCMIP Phase 2), a rough proxy for the AR5 assessment (Supplementary Figure
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S12). MAGICCG6 generally has lower anthropogenic effective radiative forcing than MAG-
ICCv7.5.3 in its RCMIP Phase 2 configuration (Supplementary Figure S13). Therefore,
differences in the parameterisations that link emissions and effective radiative forcing are
not the reason for MAGICC6’s higher warming projections and we hence conclude that
differences in model calibration, particularly transient climate response (TCR), explain
the difference instead.

We next discuss some of the changes in effective radiative forcing of different species
and why these changes are approximately zero. As the RCMIP Phase 2 calibration of
MAGICCv7.5.3 reflects literature which is more recent than AR5, this comparison pro-
vides an insight into some, but not all, the changes in effective radiative forcing between
AR5 and ARG.

COq effective radiative forcing is again relatively unchanged between the two emulators
(Supplementary Figure S14), reflecting the close agreement between the COy ERF esti-
mates used for the RCMIP Phase 2 tuning (Smith et al., 2020) and the AR5 assessment
(Myhre et al., 2013). The differences in CO, effective radiative forcing are again largely
driven by differences in the carbon cycle response (Supplementary Figure S15), with a
similar range of differences on either side of the median.

Like for the AR6-calibration of MAGICCv7.5.3 compared to MAGICCG6, aerosol effec-
tive radiative forcing is more sensitive to changes in aerosol emissions (Supplementary
Figure S16). These changes arise because the ERF used in RCMIP Phase 2 (Smith et
al., 2020) assesses aerosol forcing for 1750-2014 to be -1.01 W m™, an approximately 10%

increase on AR5’s 1750-2011 assessment (Myhre et al., 2013) of -0.9 W m™.
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Finally, methane effective radiative forcing increases (Supplementary Figure S17). The
increase follows the upwards revision presented in (Etminan et al., 2016, without the
inclusion of rapid adjustments, which is not included in the RCMIP Phase 2 calibration
of MAGICCv7.5.3).

Taking all the changes together, we see that CO, effective radiative forcing is largely
unchanged, aerosol effective radiative forcing is initially more negative before being more
positive and methane effective radiative forcing is more positive. In sum, the combination
of these and other changes leads to an increase of 0.0 - 0.2 W m™ in anthropogenic
effective radiative forcing. We note again that these changes are scenario dependent
(Supplementary Figure S9) and bespoke analysis is required to understand each specific
scenario’s drivers.

Text S2.

Here we consider the changes in effective radiative forcing of different species and why
these changes cancel out to approximately zero change (with a slight skew towards an
increase) in total anthropogenic effective radiative forcing between MAGICC6 and the
ARG6-calibration of MAGICCv7.5.3.

COy effective radiative forcing has a median change of approximately zero between
MAGICC6 and AR6-calibrated MAGICCv7.5.3 (Supplementary Figure S18). This al-
most zero change is the result of a slight increase in the assessment of COs effective
radiative forcing (for a given atmospheric CO5 concentration) and a decrease in projected

atmospheric CO5 concentrations (Supplementary Figure S19). It is also worth noting that,
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while the median is unchanged, there is a range of differences due to differing climate-
carbon feedbacks (particularly those driven by the different temperature projections).

Aerosol effective radiative forcing is more sensitive to changes in aerosol emissions. As
a result, the negative aerosol effective radiative forcing is stronger today but reduced
in the future as aerosol emissions drop (differences are taken as the AR6-calibration of
MAGICCv7.5.3 minus the MAGICC6 output, Supplementary Figure S20). These changes
arise because the AR6 assessment of ERF (Forster et al., 2021) assesses aerosol forcing
for 2005-2014 relative to 1750 to be -1.3 W m™, compared to AR5’s assessment (Myhre
et al., 2013) for 2011 relative to 1750 of -0.9 W m™2.

Finally, methane effective radiative forcing increases in the short-term before returning
to a median difference of zero with a range of -0.075 W m to 0.1 W m? (Supplementary
Figure S21). The increase follows the upwards revision presented in Etminan et al. (2016),
tempered by ARG6’s inclusion of rapid adjustments in the assessment of methane effective
radiative forcing in line with Smith et al. (2020). The increased sensitivity to methane
emissions (via methane concentrations) also leads to a more pronounced reduction in
methane effective radiative forcing after its peak.

In summary, CO4 effective radiative forcing has a median change of around zero with a
slight skew towards a decrease, aerosol effective radiative forcing is initially more negative
before being more positive and methane effective radiative forcing is initially more pos-
itive before being around zero or slightly more negative. In general, the combination of
these and other changes lead to the increase in anthropogenic effective radiative forcing.

However, the scenario dependence of these changes should also be noted as individual
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scenarios might not match well with the overall trends discussed here (Supplementary

Figure S8).
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Table S1: Emulator model versions, their key character-
istics and the main purpose for their use in this study.

Model version

Key characteristic

Purpose in this study

SR1.5 MAGICC6

MAGICC6 with its calibration and
input data as used to categorise
SR1.5 scenarios for the IPCC SR1.5

Our baseline reference in this study
against which we express most
model variations

report
RCMIP Phase 2|MAGICCv7.5.3 as used in|Provides a MAGICC calibration
MAGICCv7.5.3 RCMIP2, calibrated to match |that approximates the projections

(also called
“AR5-like” MAG-
ICCv7.5.3)

scientific understanding approxi-
mately in line with knowledge at
the time of SR1.5 (for full details,
see Nicholls et al. (2021)). This
calibration approximately reflects
the science of AR5 and SRI1.5,
but not the science of AR6. The
‘RCMIP Phase 2 MAGICCv7.5.3’
results provide an indication of
what SR1.5 MAGICC6 could have
been with updated calibration
efforts that would better match
the physical science at the time
of SR1.5. The key difference to
SR1.5 MAGICCE is a slightly lower
TCR - more in line with the AR5
TCR assessment (which has been
retained for ARG).

might have been made in SR1.5,
had it been re-calibrated at the
time.

ARG6-calibrated
MAGICCvT7.5.3
(also called simply
‘MAGICCv7.5.3")

MAGICCv7.5.3 calibrated to the
updated science of AR6 (see Cross-
chapter Box 7.1 of Forster et al.
(2021))

The reference used for scenario cat-
egorisation in AR6. A comparison
with ‘SR1.5 MAGICC6’ indicates
the full difference in the climate as-
sessment between SR1.5 and ARG.
A comparison with ‘RCMIP Phase
2 MAGICCv7.5.3" approximates the
effect of the physical science update
from AR5 to ARG.

Continued on next page
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Table S1 — Continued from previous page

Model version

Key characteristic

Purpose in this study

SR1.5 FalR1.3

The model used for sensitivity ex-
ploration (beyond MAGICC6) as
part of the IPCC SR1.5 assess-
ment.  The differences between
SR1.5 MAGICC6 and SR1.5 FalR
1.3 were largely unexplained at the
time.

Showing, for historical context, the
relatively large difference that ex-
isted between two key emulators
(SR1.5 MAGICC6 and SR1.5 FalR
1.3) at the time of the IPCC SR1.5.

ARG6-calibrated
FalRv1.6.2

FalRv1.6.2 calibrated to the up-
dated science of ARG (see Cross-

chapter Box 7.1 of Forster et al.
(2021))

The difference between AR6 MAG-
ICCv7.5.3 and AR6 FalRv1.6.2
highlights the uncertainty that
arises due to emulator represen-
tation of ARG science. Both
AR6 MAGICCv7.5.3 and ARG6
FalRv1.6.2 were assessed as repre-
senting WG1 well, so we cannot
say with confidence which one is
more correct. The difference is
much reduced compared to the dif-
ference between SR1.5 MAGICC6
and SR1.5 FalR1.3 (where, had
time allowed, deeper investigation
may have revealed which model was
more in line with the science avail-
able at the time).
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Figure S1. Difference between the emulator output underlying the SR1.5 scenario categori-
sation and alternate emulator output for exceedance probabilities of 1.5°C (top row) and 2°C
warming (bottom row) for 2100 (left column) and peak (i.e. maximum between 2010 and 2100,
right column). The data is the same as Figure 1 but has been plotted as a histogram of dif-
ferences rather than a scatter plot. Scenarios with exceedance probabilities of close to 100%
cannot have large changes in exceedance probability (because exceedance probability is capped
at 100%), hence the large number of results with no change (zero is marked by the dashed grey
line). The difference from the AR6-calibrated MAGICCv7.5.3 emulator is shown in dark blue,
from the the AR6-calibrated FalRv1.6.2 emulator is shown in red and from the alternate SR1.5

emulator FalR1.3 is shown in grey.
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Emulator 2100 median warming (GSAT) rel. 1850-1900 (K)
Emulator Peak median warming (GSAT) rel. 1850-1900 (K)

1.0 12 14 16 18 20 22 24 1.0 12 14 16 18 20 22 24
SR1.5 MAGICC6 2100 median warming (GSAT) rel. 1850-1900 (K) SR1.5 MAGICC6 Peak median warming (GSAT) rel. 1850-1900 (K)
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® ARG6 FalRv1.6.2
® AR6 MAGICCv7.5.3
® SR15FalR13

Emulator 2100 67% warming (GSAT) rel. 1850-1900 (K)
Emulator Peak 67% warming (GSAT) rel. 1850-1900 (K)

el o s o o0s el i s o o0
Figure S2. Projected median and upper 67% warming projections for SR1.5 scenarios are
very similar between MAGICC6 and the AR6-calibrated MAGICCv7.5.3 (blue dots), slightly
higher compared to ARG-calibrated FalR1.6 (red dots) or the SR1.5 FalR 1.3 version (grey
dots). Emulator output underlying the SR1.5 scenario categorisation (x-axes) and the ARG-
calibrated emulators (y-axes) for median (top row) and 67*"-percentile (bottom row) projections
for 2100 (left column) and peak (right column) temperatures. Scenarios on the diagonal (grey
dashed line) did not change temperature projections. Scenarios that exhibit lower global-mean
temperatures according to the AR6-calibrated emulators are shown below the diagonal. The
ARG6-calibrated emulator MAGICCv7.5.3 is shown in dark blue, the AR6-calibrated emulator

FalRv1.6.2 is shown in red is and the grey dots indicate the emulator which was considered as

an alternative in SR1.5, namely FalR1.3.
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Figure S3. Difference between the emulator output underlying the SR1.5 scenario categori-
sation and alternate emulator output for median (top row) and 67"1-percentile (bottom row)
projections for 2100 (left column) and peak (right column) temperatures. The data is the same
as Supplementary Figure S2 but has been plotted as a histogram rather than a scatter plot. The
difference from the ARG6-calibrated MAGICCv7.5.3 emulator is shown in dark blue, from the
the ARG6-calibrated FalRv1.6.2 emulator is shown in red and from the alternate SR1.5 emulator

FaIR1.3 is shown in grey.
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Figure S4. Relationship between exceedance probabilities and temperature projections across
multiple emulators. By definition, when the median temperature is 1.5°C (2.0°C), the 1.5°C
(2.0°C) exceedance probability is 50%. For every 0.01°C increase in median temperature, 1.5°C
exceedance probability increases by around 1.4% and 2.0°C exceedance probability increases by
around 0.9%. The difference in gradient is because the uncertainty increases as the median
temperature projection increases i.e. we have wider distributions once we get to around 2.0°C
warming. The relationship is remarkably consistent across the emulators, with some small varia-
tions that become more noticeable as we get into the tails of the distributions i.e. as the median

temperature moves away from the exceedance threshold of interest.
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Emulator output underlying the SR1.5 scenario categorisation (x-axes) and the

RCMIP Phase 2 calibration of MAGICCv7.5.3 (y-axes) for median (top row) and 67'"-percentile

(bottom row) projections for 2100 (left column) and peak (right column) temperatures. If tem-

perature projections hadn’t changed for a scenario, that scenario would be shown on the diago-

nal (grey dashed line). Scenarios that exhibit lower global-mean temperatures according to the

RCMIP Phase 2 calibration of MAGICCv7.5.3 are shown below the diagonal. The difference be-

tween the RCMIP Phase 2 calibrated MAGICCv7.5.3 and MAGICC6 provides an approximate

quantification of the change in projections which results from improved emulator calibrations.

The figure is the same as Supplementary Figure S2 but for a different combination of models.
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Figure S6. Difference between the emulator output underlying the SR1.5 scenario cate-

gorisation and the RCMIP Phase 2 calibration of MAGICCv7.5.3 for median (top row) and
67'-percentile (bottom row) projections for 2100 (left column) and peak (right column) temper-
atures. The data is the same as Supplementary Figure S5 but has been plotted as a histogram

rather than a scatter plot.
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Figure S7.  Comparison of output from the emulator underlying the SR1.5 scenario cate-
gorisation (MAGICC6) and the AR6-calibration of MAGICCv7.5.3. a) Timeseries of median
surface air temperature (GSAT). b) Difference (MAGICCv7.5.3 - MAGICC6) in median surface

air temperature (GSAT).
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Figure S8. Comparison of output from the emulator underlying the SR1.5 scenario categori-
sation (MAGICCG6) and the AR6-calibration of MAGICCv7.5.3. a) Timeseries of anthropogenic
effective radiative forcing. b) Difference (AR6-calibrated MAGICCv7.5.3 - MAGICCG) in an-

thropogenic effective radiative forcing.
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Figure S9. CO; (top row) and CHy (bottom row) concentration projections from the ARG-
calibrated MAGICCv7.5.3 and FalRv1.6.2. In the first column we show absolute projections
from each emulator and in the second column we show the difference between the two emulators.
MAGICCv7.5.3 projects higher concentrations (in general) than FalRv1.6.2 which is part of the

reason for differences in emissions-driven runs like those performed in WG3.
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Figure S10. As in Supplementary Figure S5 but for the AR6-calibration of MAGICCv7.5.3

(x-axes) and the AR6-calibration of FalRv1.6.2.
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Figure S11.

Emulator - AR6 MAGICCVv7.5.3
Peak 67% warming (GSAT) rel. 1850-1900 (K)

As in Supplementary Figure S6 but for the AR6-calibration of MAGICCv7.5.3

(x-axes) and the AR6-calibration of FalRv1.6.2. The data is the same as Supplementary Figure

S10 but has been plotted as a histogram rather than a scatter plot.
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Figure S12. Comparison of output from the emulator underlying the SR1.5 scenario cate-
gorisation (MAGICCG6) and the RCMIP Phase 2 calibration of MAGICCv7.5.3. a) time series of
median surface air temperature (GSAT). b) Difference (MAGICCv7.5.3 - MAGICCG6) in median

surface air temperature (GSAT).
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Figure S13. As in Supplementary Figure S12, except for median anthropogenic effective

radiative forcing.
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Figure S14. As in Supplementary Figure S12, except for median CO, effective radiative

forcing.
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Figure S15. As in Supplementary Figure S12, except for median COy atmospheric concentra-

tions.
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As in Supplementary Figure S12, except for median aerosol effective radiative
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Figure S17. As in Supplementary Figure S12, except for median methane effective radiative

forcing.
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Figure S18. Asin Supplementary Figure S8, except for median COs effective radiative forcing.
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Figure S19. As in Supplementary Figure S8, except for median CO, atmospheric concentra-

tions.
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Figure S20. As in Supplementary Figure S8, except for median aerosol effective radiative

forcing.
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Figure S21. As in Supplementary Figure S8, except for median methane effective radiative

forcing.
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