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Supplement

Section 2.1 states “The effect of this update results in our model being able to fit the historical climate
record with higher values of climate feedback, especially for strong aerosol cooling (see Fig S1 and
supplement for more information)”. Figure S1 illustrates the impact of updating Eq. (2) in our model to be
comparable to the formulation in Bony et al. (2006) and Schwartz (2012). This figure displays the change
in GMST anomaly in 2100 relative to pre-industrial (AT2100) as a function of As and AER RF2o11 for the two
formulations of Eq. (2). Figure S1a uses the previous version of the EM-GC, where Qocean Was subtracted
outside of the climate feedback multiplicative term, and Fig. 1b uses the new version of the EM-GC where

Qocean is subtracted within the climate feedback multiplicative term.

In the EM-GC framework, we calculate our value of Qocean by finding the k needed to multiply the
temperature difference between the atmosphere and the ocean to fit the observed OHC record. The model
iterates over the ocean module, specifically the value of AToceanHuman in Eq. (4), until the EM-GC
converges on an estimate of « for a single OHC record and value of AER RF2o11. Figure S1 illustrates that
the effect of changing Eq. (2) in the EM-GC impacts our estimates of the rise in AT2100 at high values of
AER RF2011. Strong aerosol cooling results in the ocean taking up more heat from the atmosphere than in
the previous version of the EM-GC. The larger value of Qocean results in a higher value of climate
feedback needed to fit the historical climate record, because both AER RF2011 and Qocean are acting to cool
the climate system. The higher values of climate feedback increase our maximum value of AT2100. This
change brings some of the projections of AT2100 from the EM-GC closer to values of AT2100 from the

CMIP6 multi-model ensemble.

Section 2.2.3 states “Figure S2 shows the ozone RF time series used in this analysis and the supplement
provides more information about the creation of the time series for the RF due to Os™°P”, Figure S2
displays the time series of tropospheric ozone RF used in our analysis for the various SSPs. Tropospheric
ozone is an important GHG that rivals nitrous oxide as the third most important anthropogenic GHG. We
include the RF due to tropospheric ozone (03™°P) in our model for completion, even though the SSP
database does not provide RF estimates for the various SSPs. We use values from the RCP scenarios
provided by the Potsdam Institute for Climate Impact Research (Meinshausen et al., 2011). The values of
the RF due to O3"™R°" for SSP1-1.9 and SSP1-2.6 are from the RCP2.6 pathway. The RCP4.5 time series of
03" is used for SSP2-4.5, the RCP6.0 time series is used for SSP4-6.0, and the RCP8.5 time series is
used for SSP5-8.5. We create linear combinations of RCP2.6 and RCP8.5 to generate two new time series
of the RF due to 03?9 for SSP4-3.4 and SSP3-7.0. There is a large gap between the time series of the RF
due to O3 for RCP6.0 (shown as SSP4-6.0) and RCP8.5 (shown as SSP5-8.5) in Fig. S2. We created a
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time series that would split the difference between the two RCPs to represent the RF due to O3 for
SSP3-7.0. The SSP4-3.4 time series of the RF due to O3™*°P that was created lies in between the RCP2.6
(shown as SSP1-2.6) and RCP4.5 (shown as SSP2-4.5) time series in Fig. S2.

Section 2.2.8 states “Figure S4 shows the five OHC records as well as the multi-measurement average”.
Figure S4 displays the five OHC content data sets, as well as the multi-measurement average, plotted as a
function of time and normalized to year 1986. This figure illustrates how the shapes of the different OHC
records compare. Each of the time series represents the amount of heat stored in the top 700 m of the
world’s oceans for that specific data set. Carton et al. (2018) is the shortest data set, and only spans 36
years (1982-2017). The second shortest record is Balmaseda et al. (2013a), which spans 52 years (1958.5-
2009.5). Ishii et al. (2017) is the record in the middle with a range of 63 years (1955-2017). Both Cheng et
al. (2017) and Levitus et al. (2012) have records that span 65 years (1955-2019). The length of the data set
and the shape of the curve affect the estimate of ocean heat export (OHE), because we calculate OHE by
taking a linear fit to the full OHC time series. Balmaseda et al. (2013a) has the lowest estimate of OHE
because the slope of the curve is relatively shallow, due to the fact that it slightly rises, then decreases at the
start of the record. Carton et al. (2018) has the highest estimate of OHE because the slope of the curve is
the steepest of the five records.

Section 2.2.8 also says “For these five OHC data sets, uncertainty estimates are not always provided.
Furthermore, some studies that do provide uncertainties give estimates that seem unreasonably small (see
Fig S5 and supplement)” and “Figure S5 and the supplement provide more detail on the creation of this
time dependent uncertainty estimate for OHC”. Figure S5 shows the multi-measurement average as well as
the five OHC data records as a function of time, the uncertainty for each corresponding data set, and the
combined uncertainty used in this analysis. Panel (a) shows the multi-measurement OHC average with the
standard deviation of the mean plotted around the average time series. The standard deviation is large at the
beginning of the time series, due to the spread in the estimates of OHC between the different records
(illustrated in Fig. S4). The standard deviation decreases as the various OHC records converge near a
similar estimate. The standard deviation is zero in 1986 because we normalized all of the time series to zero
in this year to create the multi-measurement average. Because of this normalization, the standard deviation

of the mean is not a realistic measure of uncertainty for the five OHC time series.

Panels (b), (c), (d), (e), and (f) display the uncertainty estimates for the five OHC data records. We
use the standard deviation of the mean of five ensemble members of the European Centre for Medium-
Range Weather Forecasts Ocean ReAnalysis System 4 (ORSA) (Balmaseda et al., 2013b) for the
Balmaseda et al. (2013a) record. The standard deviation is plotted in panel (b) as the dotted blue line. The
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standard deviation is small at the beginning of the record, because the five ensemble members started at
similar values of OHC in 1958 and diverged over time. The combined uncertainty of the standard deviation
of the mean and the Cheng et al. (2017) estimate is plotted as a dashed blue line. Panel (c) shows the
Levitus et al. (2012) time series for the top 700 m updated to the end of 2019. The Levitus time series
utilizes the standard error over the whole ocean for their uncertainty estimate and is plotted as the dotted
light blue line. The standard error is a very small uncertainty estimate compared to the other OHC data
records, which is unreasonable considering the large variations in OHC between the different records. We
use the standard deviation of eight reanalysis experiments to represent the uncertainty associated with the
Carton et al. (2018) OHC record and is plotted as a dotted orange line in panel (e). The standard deviation
of the mean is rather small, which also is unrealistic. Panel (f) displays the Cheng et al. (2017) OHC record
updated through the end of 2019 with the 1o uncertainty. This uncertainty does not vary much throughout
the data record, making it more realistic as an estimate for such an uncertain quantity as OHC. We created
the combined uncertainty estimate of the standard deviation of the mean and the Cheng et al. (2017) 1o
uncertainty to have the largest uncertainty possible due to the fact that OHC varies between the different
records. The EM-GC cannot achieve y?ocean < 2 for Balmaseda et al. (2013a), Levitus et al (2012), and
Carton et al. (2018) using their own respective estimates of uncertainty. Creating one uncertainty estimate
to be used for all of the OHC records provides consistency and allows the EM-GC to achieve good fits

between the observed and modeled OHC.

Section 2.5 states “See Fig. S7 for unweighted ECS values and Section 3.2 states “See Fig S7 for results
without aerosol weighting”. Figure S7 displays the values of ECS using the EM-GC and the CMIP6 multi-
model ensemble. The EM-GC box contains the 25", 501, and 75" percentiles, the whiskers denote the 5%
and 95™ percentiles, and the stars represent the minimum and maximum values of ECS. The box labeled
CMIP6 is unchanged from Fig. 7. The values of ECS are not treated with the aerosol weighting described
in Sect. 2.5. This figure shows that most of the estimates of ECS found using the EM-GC are concentrated
towards small values of ECS, due to the fact that the majority of the EM-GC model runs with good fits to
the climate record (x°atm, ¥°recenT, and x?ocean) have weak aerosol cooling and low values of As (Fig. 5b).
We use the aerosol weighting method to assign the same weights for the IPCC 2013 “likely” range limits of
AER RF2011 of —0.4 and —1.5 W m 2 at the one sigma values of a Gaussian, and the —0.1 and —1.9 W m 2
are at the two sigma values of a Gaussian. Using the aerosol weighting method adjusts our estimates of

ECS so that the calculated percentiles occur at higher values.
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Figure S1. GMST anomaly in 2100 relative to pre-industrial (AT2100) as a function of climate feedback parameter
and AER RFz01: for two versions of the EM-GC. (a) The change in AT2100 for SSP4-3.4 using the original
formulation of Eq. (2) where Qocean is subtracted outside of the feedback multiplicative term. (b) The change in
AT2100 for SSP4-3.4 using the updated formulation of Eq. (2) where Qocean is subtracted within the feedback

100  multiplicative term similar to Bony et al. (2006) and Schwartz (2012). The EM-GC is able to fit higher values of A at
strong aerosol cooling (around —1.5 W m™2) for the new Eq. (2) compared to the original formulation in Canty et al.
(2013) and Hope et al. (2017). The maximum value of future warming has increased due to the higher Ay values.
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105  Figure S2. Radiative forcing of tropospheric ozone for the various SSPs analyzed in our study. The time series
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Figure S3. Radiative forcing time series due to tropospheric aerosols. (a) The RF time series due to tropospheric
aerosols for SSP1-2.6. The solid grey circle denotes the value of AER RF211 given by the SSP database. The solid
grey lined labeled the —1.0 W m 2 time series is the AER RF time series given by the SSP database for SSP1-2.6. We
appended a historical AER RF time series from the RCP scenarios and created five additional AER RF time series as
described in Sect. 2.2.4. (b) Anthropogenic aerosol radiative forcing time series for SSP4-3.4.
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Figure S4. Ocean heat content time series. The five ocean heat content data records used in this analysis, normalized
to the year 1986 because this year is in the middle of the average time series. The grey shaded region is the combined
uncertainty estimate used in this analysis, centered around the average of the five data sets. The average of the ocean
heat content records (1955 — 2017) is computed when there are three or more data sets available for a given year.
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Figure S5. The ocean heat content records and uncertainty estimates analyzed in this study. (a) The average OHC
record along with the standard deviation of the mean represented by the dotted black line, and the combined
uncertainty of the standard deviation of the mean and the Cheng et al. (2017) estimates shown as the dashed black
line. (b) Balmaseda OHC record with the standard deviation of the five ORSA ensemble members as the dotted line,
and the combined uncertainty as the dashed line. (c) Levitus OHC record with the standard error as the native
uncertainty, and the combined uncertainty. (d) Carton OHC record with the standard deviation of the mean of
multiple ensemble members, and the combined uncertainty. () Cheng OHC record with the 1o native uncertainty
and the combined uncertainty. (f) Ishii OHC record with the combined uncertainty as the dashed line.
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Table S1. Values of AAWR calculated using the EM-GC as a function of start and end year. The value of AAWR
from 1975-2014 is shown in red. Each model run uses the best estimate of AER RFz011 (—0.9 W m™) and the average
of five OHC records. The impact on varying the start and end year on AAWR is slight, except when a short record is

135  used (i.e. 1984-2004, a 21 year span). A two-decade time span is not long enough to calculate an accurate estimate of
AAWR. The value of AAWR is more sensitive to the choice of OHC or temperature record used.

Start Year
AAWR
(°Cldecade) 1970 1973 1975 1979 1982 1984
2004 0.154 + 0.153 + 0.153 + 0.145 + 0.138 = 0.130 =
0.006 0.007 0.008 0.009 0.010 0.010
2006 0.150 + 0.149 + 0.149 + 0.141 + 0.134 + 0.126 +
0.006 0.007 0.008 0.009 0.009 0.009
2008 0.148 + 0.146 + 0.146 + 0.138 = 0.131 = 0.124 +
0.006 0.006 0.007 0.008 0.008 0.007
End 2010 0.147 + 0.145 + 0.144 + 0.137 + 0.131 + 0.125 +
Year 0.005 0.006 0.007 0.007 0.007 0.006
2012 0.146 + 0.144 + 0.144 + 0.137 = 0.132 0.128 +
0.005 0.005 0.006 0.006 0.006 0.006
2014 0.146 + 0.145 + 0.144 + 0.139 + 0.134 + 0.130 +
0.004 0.005 0.005 0.005 0.006 0.005
2016 0.147 + 0.145 + 0.145 + 0.140 + 0.137 0.134 +
0.004 0.004 0.005 0.005 0.005 0.005
2018 0.147 + 0.146 + 0.146 + 0.142 + 0.139 + 0.137 +
0.003 0.004 0.004 0.005 0.005 0.005




Table S2. Average values of AAWR calculated from the CMIP6 multi-model results using the regression method as
a function of start and end year. The uncertainty corresponds to the 1o standard deviation of AAWR found from the

140 50 GCMs. The value of AAWR from 1975-2014 is shown in red. The values of AAWR from the CMIP6 multi-
model ensemble is more sensitive to the choice of start and end year than the EM-GC due to the small number of
models. We use the same start and end year, 1975-2014, for the determination of AAWR for both the EM-GC and
the CMIP6 multi-model ensemble for consistency.

Start Year

(oéﬁé’é’;e) 1970 1973 1975 1979 1982 1984

2004 0175 0184 0190 0202 0204 0218

2006 0186 0196 0202 0215 0226  0.242

End Year 2008 0193 0203 0209 0223 0237 0251
2010 097 0207 0213 0228 0242 0254

2012 0202 0212 0218 0234 0246 0257

2014 0207 0217 0225 0236 0248 0257
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Figure S6. Steps for the Gregory et al. (2004) ECS calculation to compute ECS from the CMIP6 multi-model
ensemble using GISS-E2-1-H (Kelley et al., 2020) as an example. (a) The change in Abrupt 4xCO, GMST (variable:
tas) from the piControl experiment for 150 years. (b) Abrupt 4xCO; net downward radiative flux (variable: rtmt)
versus the Abrupt 4xCO, GMST change from the piControl experiment for 150 years. The x-intercept of the
orthogonal linear least squares fit of the GCM output divided by two yields the equilibrium climate sensitivity.
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Table S3. Values of AAWR from 1975-2014 for the 50 CMIP6 multi-model Historical simulations available
at time of the analysis (April 2020) for both the REG and LIN methods. The asterisk symbol (*) indicates there
is only one run used to compute the value of AAWR for that GCM. No asterisk indicates the AAWR value
shown in the table is the average of the values of AAWR for all runs of that model. The average ratio of LIN
to REG for all 50 models is 1.04 + 0.048, shown at the bottom of the table. The correlation coefficient (r?) of
0.977 is also shown. We conclude our determination of AAWR from the CMIP6 multi-model ensemble is
accurate to £5%, which is much smaller than the difference between the CMIP6 multi-model ensemble values
of AAWR and those found using the EM-GC framework.

AAWR,
Model REG AAWR, LIN Model AAWR,REG  AAWR, LIN
(“Cldecade) (°C/decade) (°C/decade) (°C/decade)

ACCESS-CM2 0212 0.216 GFDL-CM4* 0.238 0.250
ACCESS-ESM1-5  0.233 0.246 GFDL-ESM4 0.206 0.224
AWI-CM-1-1-MR  0.214 0.220 GISS-E2-1-G 0.192 0.198
BCC-CSM2-MR  0.214 0.228 GISS-E2-1-G-CC 0.200 0.213
BCC-ESM1 0.238 0.249 GISS-E2-1-H 0.234 0.244
CAMS-CSM1-0  0.130 0.138 HadGEM3-GC31-LL  0.277 0.292
CanESM5 0.349 0.361 HadGEM3-GC31-MM  0.225 0.234
CanESM5-CanOE  0.322 0.334 INM-CM4-8* 0.177 0.181
CAS-ESM2-0 0.191 0.204 INM-CM5-0 0.146 0.156
CESM2 0.234 0.243 IPSL-CM6A-LR 0.229 0.236
CESM2-FV2 0.213 0.158 KACE-1-0-G 0.250 0.260
CESM2-WACCM  0.266 0.291 MCM-UA-1-0 0.221 0.231
\(/:VE:gACZI\_/I—FVZ 0.224 0.235 MIROC6 0.155 0.168
CIESM 0.244 0.251 MIROC-ES2L 0.161 0.167
CNRM-CM6-1  0.200 0.196 MPI-ESM1-2-HAM 0.173 0.186
ﬁng'CMG'l' 0.165 0.178 MPI-ESM1-2-HR 0.200 0.203
CNRM-ESM2-1  0.167 0.172 MPI-ESM1-2-LR 0.191 0.197
E3SM-1-0 0.263 0.278 MRI-ESM2-0 0.201 0.210
E3SM-1-1* 0.277 0.285 NESM3 0.242 0.253
E3SM-1-1-ECA*  0.272 0.274 NorCPM1 0.178 0.185
EC-Earth3* 0.291 0.310 NorESM2-LM 0.170 0.182
EC-Earth3-Veg*  0.216 0.223 NorESM2-MM* 0.150 0.154
FGOALS-f3-L 0.218 0.226 SAMO-UNICON* 0.241 0.250

12



FGOALS-g3 0.181 0.191 TalESM1* 0.266 0.283
FIO-ESM-2-0 0.231 0.237 UKESM1-0-LL 0.294 0.312

Ratio = 1.04 + 0.048 R2=0.977
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Figure S7. Values of ECS found using the EM-GC and the CMIP6 multi-model ensemble. Values of ECS utilizing
the EM-GC are calculated using four temperature data sets and five ocean heat content records (as indicated). The
box represents the 25™, 501, and 75" percentiles of the values of ECS and the whiskers denote the 5" and 95%
percentiles for the different OHC records and each temperature record without using the aerosol weighting method.
The stars indicate the minimum and maximum values of ECS. The circles are the values of ECS associated with the
best estimate of AER RFz011 of =0.9 W m™2, The box labeled CMIP6 is the 25™, 50", and 75™ percentiles of the
values of ECS from the CMIP6 multi-model ensemble, the whiskers indicate the 5" and 95 percentiles, and the stars
represent the minimum and maximum values of ECS from the CMIP6 multi-model ensemble.
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Table S4. Equilibrium climate sensitivity (ECS) from 28 CMIP6 GCMs. We can only calculate ECS for GCMs that
provide Abrupt 4xCO; near surface air temperature (output variable: tas), net downward radiative flux (output

175  variable: rtmt), and piControl near surface air temperature (output variable: tas) to the CMIP6 archive at time of the
analysis (April 2020). All estimates are for one model run except for CanESMS5, which is the average of two runs.

Model ECS (K)
ACCESS-CM2 4.93
ACCESS-ESM1-5 3.63
BCC-CSM2-MR 3.16
BCC-ESM1 3.74
CanESM5 5.70
CESM2 5.32
CESM2-FV?2 5.06
CESM2-WACCM 4.73
CESM2-WACCM-FV2 4.56
E3SM-1-0 5.28
EC-Earth3-Veg 4.34
GFDL-CM4 3.78
GFDL-ESM4 2.61
GISS-E2-1-G 2.71
GISS-E2-2-G 2.25
GISS-E2-1-H 3.09
HadGEM3-GC31-LL 5.65
INM-CM4-8 2.32
INM-CM5-0 2.39
IPSL-CM6A-LR 4.97
MCM-UA-1-0 3.68
MIROC6 2.84
MIROC-ES2L 2.83
NorESM2-LM 2.19
NorESM2-MM 2.15
SAMO-UNICON 3.53
TailESM1 4.33
UKESM1-0-LL 5.40
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Figure S8. GMST anomaly in 2100 from pre-industrial (AT2100) as a function of climate feedback parameter and

180 AER RFun. (a) AT for SSP4-6.0. The region outside of the tropospheric aerosol radiative forcing rage provided by
IPCC 2013 (Myhre et al., 2013) is shaded grey. Colors denote the change in AT2100. (b) AT2100 for SSP3-7.0. (c)
ATo100 for SSP5-8.5.
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Figure S9. Probabilistic forecasts of future projections of AT using the EM-GC for the SSP4-6.0, SSP3-7.0, and
SSP5-8.5 scenarios. (a) Future projections of AT for SSP4-6.0. Observations (orange) are from CRU. The IPCC 2013
likely range of warming (black) is from Figure 11.25b of chapter 11 of the IPCC 2013 report. The Paris Agreement
target and upper limit (yellow) are shown for comparison to projections of AT using the EM-GC. The CMIP6

190  minimum, multi-model mean, and maximum values of the rise in AT are shown to compare to projections from the
EM-GC. Colors denote the probability of reaching at least that temperature by the end of the century and are
computed using the aerosol weighting method (see Sect. 2.5). (b) Future projections of AT for SSP3-7.0. (c) Future
projections of AT for SSP5-8.5.
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Figure S10. Probability density functions (PDF) for the increase in AT2100 Using the EM-GC and the CMIP6 multi-
model ensemble. (a) PDF for EM-GC (blue) results and CMIP6 multi-model results (red) for SSP4-6.0. The left-hand
y-axis is for EM-GC probabilities and the righthand y-axis is for GCM probabilities. (b) PDF for SSP3-7.0. (c) PDF
for SSP5-8.5.
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Figure S11. Blended methane mixing ratios. The dotted lines are linear combinations of the time series of methane
abundances using SSP1-2.6 and SSP3-7.0 to span the range of values of future methane. The solid lines are the
SSP1-2.6 and SSP3-7.0 methane mixing ratio time series.
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205

Table S5. Details of the CMIP6 GCMs used in this study.

Institution Model Model Output
AS-RCEC TalESM1 No reference provided
AWI AWI-CM-1-1-MR (Semmler et al., 2018a, 2018b, 2018c, 2019a, 2019b)
(Wu et al., 2018a, 2018b, 2018c; Xin et al., 2019a, 2019b,
BCC-CSM2-MR 2019¢. 2019d
BCC ¢, 2019d)
BCC-ESM1 (Zhang et al., 2018a, 2018b, 2019)
CAMS CAMS-CSM1-0 (Rong, 2019a, 2019b, 2019c, 2019d, 2019, 2019f)
CAS-ESM2-0 (Chai, 2019)
CAS FGOALS-f3-L (YU, 2019a, 2019b, 2019c, 2019d, 2019¢)
FGOALS-g3 (Li, 2019a, 2019b, 2019c, 2019d, 2019¢)
(Swart et al., 2019f, 2019g, 2019h, 2019i, 2019j, 2019k, 2019,
CanESMS 2019m, 2019n, 2019
ccCma m, 2019n, 20190)

CNRM-CERFACS

CSIRO

CSIRO-ARCCSS

E3SM-Project

E3SM-Project RUBISCO

EC-Earth-Consortium

CanESM5-CanOE

CNRM-CM6-1

CNRM-CM6-1-HR

CNRM-ESM2-1

ACCESS-ESM1-5

ACCESS-CM2

E3SM-1-0

E3SM-1-1-ECA

E3SM-1-1

EC-Earth3

EC-Earth3-Veg

(Swart et al., 2019a, 2019b, 2019c, 2019d, 2019¢)

(Voldoire, 2018, 2019c, 2019d, 2019e, 2019f)

(Voldoire, 2019a, 2019b, 2020a, 2020b)

(Seferian, 2018; Voldoire, 2019g, 2019h, 2019i, 2019j, 2019k,
2019I)

(Ziehn et al., 2019a, 2019b, 2019c, 2019d, 2019e, 2019f,
20190)

(Dix et al., 2019a, 2019b, 2019c¢, 2019d, 2019e, 2019f, 20199)

(Bader et al., 2018, 2019a, 2019b)

(Bader et al., 2020)

(Bader et al., 2019c)

(EC-Earth Consortium (EC-Earth), 2019i, 2019j, 2019k,
20191, 2019m)

(EC-Earth Consortium (EC-Earth), 2019a, 2019b, 2019c,
2019d, 2019e, 2019f, 2019g, 2019h)
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FIO-QLNM

HAMMOZ-Consortium

INM

IPSL

MIROC

MOHC

MOHC NERC

MOHC, NERC, NIMS-KMA,
NIWA

MPI-M AWI

MPI-M DWD DKRZ

MRI

NASA-GISS

NCAR

FIO-ESM-2-0

MPI-ESM1-2-HAM

INM-CM4-8

INM-CM5-0

IPSL-CMGA-LR

MIROC6

MIROC-ES2L

HadGEM3-GC31-MM

HadGEM3-GC31-LL

UKESM1-0-LL

MPI-ESM1-2-LR

MPI-ESM1-2-HR

MRI-ESM2-0

GISS-E2-1-G

GISS-E2-1-G-CC

GISS-E2-2-G

GISS-E2-1-H

CESM2-WACCM-FV2

(Song et al., 2019a, 2019b, 2019c, 2019d)

(Neubauer et al., 2019)

(Volodin et al., 2019a, 2019b, 2019c, 2019d, 2019e, 2019f,
2019g)

(Volodin et al., 2019m, 2019h, 2019n, 2019i, 2019j, 2019k
20191)

(Boucher et al., 2018a, 2018b, 2018¢c, 2019a, 2019b, 2019c,
2019d, 2019e, 2019f, 2019g)

(Shiogama et al., 2019a, 2019b, 2019c, 2019d, 2019¢, 2019f,
2019g; Tatebe and Watanabe, 2018a, 2018b, 2018c)

(Hajima et al., 2019; Tachiiri et al., 2019a, 2019b, 2019c,
2019d, 2019¢)

(Ridley et al., 2019c)

(Good, 2019, 2020a, 2020b; Ridley et al., 2018, 2019a, 2019b)

(Byun, 2020; Good et al., 2019a, 2019b, 2019c, 2019d, 2019,
2019f; Tang et al., 2019a, 2019b, 2019c)

(Wieners et al., 2019a, 2019b, 2019c, 2019d, 2019¢)

(Jungclaus et al., 2019; Schupfner et al., 2019a, 2019b, 2019c,
2019d; Steger et al., 2019)

(Yukimoto et al., 2019a, 2019b, 2019¢, 2019d, 2019, 2019f,
2019g, 2019h)

(NASA Goddard Institute for Space Studies (NASA/GISS),
2018a, 2018b, 2018c, 2020a, 2020b, 2020c, 2020d)

No reference provided

(NASA Goddard Institute for Space Studies (NASA/GISS),
2019a)

(NASA Goddard Institute for Space Studies (NASA/GISS),
2018d, 2019b, 2019c)

(Danabasoglu, 2019d, 2019¢, 2020a)
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NCC

NIMS-KMA

NOAA-GFDL

NUIST

SNU

THU

UA

CESM2

CESM2-FV2

CESM2-WACCM

NorCPM1

NoreESM2-LM

NorESM2-MM

KACE-1-0-G

GFDL-CM4

GFDL-ESM4

NESM3

SAMO-UNICON

CIESM

MCM-UA-1-0

(Danabasoglu, 2019c, 2019d, 2019e, 2019f, 2019g, 2019h;
Danabasoglu et al., 2019)

(Danabasoglu, 2019b, 2019c, 2020b)

(Danabasoglu, 2019f, 2019g, 2019h, 2019a, 2019i, 2019j,
2019K)

(Bethke et al., 2019a, 2019b, 2019c)

(Seland et al., 2019a, 2019b, 2019c, 2019d, 2019, 2019f,
20190)

(Bentsen et al., 2019a, 2019b, 2019c, 2019d, 2019, 2019f,
20199)

(Byun et al., 2019a, 2019b, 2019c, 2019d, 2019e)

(Guo et al., 2018a, 2018b, 2018c, 2018d, 2018e)

(John et al., 2018a, 2018b, 2018c, 2018d, 2018e; Krasting et
al., 2018a, 2018h, 2018c)

(Cao, 2019a, 2019h, 2019c; Cao and Wang, 2019)

(Park and Shin, 2019a, 2019b, 2019c)

(Huang, 2019a, 2019b, 2020a, 2020b)

(Stouffer, 2019a, 2019b, 2019c, 2019d, 2019e, 2019f, 2019g)
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