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Introduction

In the Supporting Information, we show details which are not shown in the main
manuscript about the data used for ocean and sea ice variables, as well as additional
figures.



Text S1.

The availability of ocean variables as the ones used for this study - sea surface
temperatures, downward heat flux at the sea water surface, sea water potential
temperature - are more restricted than for standard atmospheric variables in LESFMIP
simulations. Thus, ocean diagnostics were computed using only the ensemble members
listed in Table S1 that included all three ocean variables, which were used to create
Figures 8 and 10. Similarly, some members were not available for the sea ice diagnostics.

Table S2 lists the number of members used to create Figures 11 and S5.



JFMAMJ JASOND

JFMAMJ JASOND

5 (a) historical 5 (b)hist-GHG 5 (c) hist-aer
— f
t f‘/&
N —
2 o B2
b
<
JFMAMJ JASOND JFMAMJ JASOND
f
& 5 |® 5 |©@
=
= 2
z
[ 1
]
2
¢} 0
_ JFMAMJJASOND
i i j
. 1() ] (i)
=
‘g 0
g I
- -1
3
e
S -2 -2 -2
[0}
z

JFMAMJ JASOND

(d) hist-totalO3

JFMAMJ JASOND
(h)

—— ACCESS-ESM1-5

—— CanESM5
CMCC-CM2-5R5
CNRM-CM6-1
GISS-E2-1-G (p1f2)

-~ GISS-E2-1-G (p3f1)
HadGEM3-GC31-LL

—— IPSL-CM6A-LR
MIROCE

—— MPI-ESM1-2-LR
— NorESM2-LM

JFMAMJ JASOND
Ul

e

SR

JFMAMJ JASOND

Figure S1. Seasonal cycles of the difference in (a)-(d) all-sky top-of-atmosphere (TOA) energy
imbalance between the 1980-2014 mean (for each ensemble independently) and the 1850-1884
mean (aggregated over the hist-GHG, hist-aer, and hist-totalO3 ensembles only) and its (e)-(h)
clear-sky and (i)-(1) cloud radiative effect components. Results are shown for the (far left: a, e, 1)
historical, (center left: b, f, j) hist-GHG, (center right: ¢, g, k) hist-aer, and (far right: d, h, 1)
hist-totalO3 ensembles. For each model, ensemble spread is illustrated by the standard deviation
across the ensemble. The two variants of the GISS-E2-1-G model are shown to more accurately
reflect the spread produced by this model, where the pl1f2 variant corresponds to prescribed
aerosol and p3fl to interactive aerosol (Miller et al. 2020). Although the y-axis range is shifted
for each of the three rows, its range is fixed to 4 W m™ in all panels to enable comparison.
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Figure S2. SH eddy-driven jet latitude year-to-year variabilities and long-term trends. Left
column: Multi-model mean time series (1850-2020) of the four experiments (historical ,
hist-GHG , hist-aer and hist-totalO3) for each season (DJF, MAM, JJA, SON). Values relative to
1850-1884 period. In each case, the shading indicates +1 standard deviation across model
ensemble means. Right column: Linear trends over 1980-2014 for historical experiment for each
season (DJF, MAM, JJA, SON). Open circles represent individual ensemble members, filled
circles show model ensemble means, and horizontal lines indicate trends from ERAS5, MERRA2,

and JRASS reanalyses.
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Figure S3. Linear trends for final stratospheric warming (FSW) date over 1980-2013 for (a)
hist-GHG, (b) hist-aer and (c) hist-totalO3 experiments. Open circles represent individual
ensemble members and filled circles show model ensemble means.
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Figure S4. Multi-model mean DJF sea surface temperature (SST) trends from hist-totalO3
experiment for (a) 1980-1999 and (b) 2000-2014 periods. Units in °C per decade. The stippling
indicates regions where all models agree on the sign. The included models are those for which
simulations ~ were  available from all experiments (CanESMS5,  GISS-E2-1-G,
HadGEM3-GC31-LL, MIROC6, MPI-ESM1-2-LR and NorESM2-LM), and the number of
ensemble members listed in Table 1 was used.
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Figure S5: Multi-model mean sea ice concentration (SIC) response (difference between
1980-2014 and 1850—-1884 periods) for (top row) DJF, (second row) MAM, (third row) JJA, and
(bottom row) SON, for the (left column) historical, (second column) hist-GHG, (third column)
hist-aer, and (right column) hist-totalO3 experiments. The stippling indicates regions where all
models agree on the response sign. Note that sea ice variables for some ensemble members for a
number of models were not available. For details, see Text S1 and Table S2.



Experiments

Model
historical hist-GHG hist-aer hist-totalO3
ACCESS-ESM1-5 40 9 8 -
CanESMS5 64 50 30 10
CMCC-CM2-SR5 10 10 10 -
CNRM-CM6-1 30 3 3 -
GISS-E2-1-G 36 39 36 5
HadGEM3-GC31-LL 55 55 55 50
IPSL-CM6A-LR 10 10 10 -
MIROC6 10 - - -
MPI-ESM1-2-LR 50 30 30 30
NorESM2-LM 3 3 3 -

Table S1. LESFMIP models, experiments and number of members used for Figures 8 and 10.




Experiments

Model
historical hist-GHG hist-aer hist-totalO3
ACCESS-ESM1-5 40 9 10 -
CanESMS5 65 50 30 10
CMCC-CM2-SR5 10 10 10 -
CNRM-CM6-1 21 10 10 -
GISS-E2-1-G 46 40 40 39
HadGEM3-GC31-LL 55 55 55 50
IPSL-CM6A-LR 33 10 10 -
MPI-ESM1-2-LR 50 30 30 30
NorESM2-LM 40 20 20 20

Table S2. LESFMIP models, experiments and number of members used for sea ice diagnostics.
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