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Text S1. Choices of thresholds and robustness Globally, a deeper threshold than
500 m is commonly used to determine deep convection. Using a threshold of 1000 m
instead of that of 500 m (chosen by consistency with Lique, Johnson, and Plancherel
(2018)) does not significantly change the results. It only increased the number of models
that are not convecting in the Arctic from 11 to 18, as can be seen on the main text
Fig. 2. Time series of the yearly maximum mixed layer depth have been produced with
the actual maximum regardless of time; April, month of deepest mixed layers for the
few convecting models (not shown); and March, the month traditionally used and where
the non-convecting models have their deepest mixed layers. The differences between the
results were not significant. We therefore perform correlations and show results using the
March mixed layers, for consistency with other studies.

The sensitivies and oceanic polar amplification values are not significantly affected by
the choice of latitude bands. That is, the model order remains the same, only the individ-
ual models’ magnitudes are changed. We chose to present the results that exclude 60°N
to 75°N, as these are dominated by the biased Nordic Seas.

Finally, we tested different lags for the correlations and trends ranging from 1 to 6
months, as we aim to determine which process could be driving changes in the mixed
layer depth. We show primarily those with one month lag (i.e. February salinity, temper-
ature, sea ice and winds), that had the strongest signal-to-noise ratio. We also show as
supplementary material the 6 months (September) values, although the reader must bear
in mind that most models lose their September sea ice early (see supp. Fig. S1), therefore

the statistics involving sea ice become less robust. We also tested different thresholds for
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the ensemble and model agreement. Because of the low number of ensemble members
for most models (especially so after removing the ones that have Arctic deep convection
over 2015-2023), 66% was too restrictive: When rounded, it often meant ”all ensemble
members/models”. Our choice of 50% threshold does not change the results significantly.
In particular, it does not change the sign or relative magnitude of the correlations/trends.
The trends are presented over exactly half of the run, but we tested with different number
of years, with the entire run, and visually verified them for every model and ensemble
member. We chose to present them separately over the two halves of the run as this

matches the models’ Arctic deep convection behaviour, as will be discussed.
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ACCESS-CM2 (10) ACCESS-ESM1-5 (40)

AWI-CM-1-1-MR (1) BCC-CSM2-MR (1) CAMS-CSM1-0 (2) CAS-ESM20 (2

CcMCC ESM2 ")
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EC-Earth3-Veg-LR (3) EC-Earth3-Veg (2) FGOALS-3-L (1)

WPLEST2-HR )

Median sea ice concentration > 15%, alt thickness > 10 cm
@® March 2040 - 2060 + Maximum MLD > 500 m
@ March 2080 - 2100

Figure S1. Median 2040-2060 (blue) and 2080-2100 (magenta overlaying the blue) March sea
ice extent for all 36 models. Threshold is 15% sea ice concentration or 10 cm sea ice thickness.
Black + indicate where the 2015-2100 maximum mixed layer depth (MLD) of Fig. 1 exceeds 500

m. Red boxes as per Fig. 1. September 20, 2023, 3:11pm
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Figure S2. Composite trends based on the models’ Arctic deep convection behaviours, for
the first half of the 21st century run (top rows) and the second half (bottom rows), in March
mixed layer depth (MLD, first column), and September ocean surface salinity, ocean surface
temperature, sea ice concentration ggﬁt%lﬁ;g@(ie %Pdﬁ%’dﬁBﬁﬁ%ionm are described to the left
of the figure, and number of models for each behaviour is given in parentheses. For each panel,

stippling indicates non-significant trends and/or model disagreement regarding the trend’s sign.
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Models, ensemble members and corresponding grid type used in this study, along

Model Ensemble members Grid Reference
rlilplfl; r2i1plfl; r3ilplfl*; r4ilplfl;
ACCESS-CM2 rb5ilplfl; r6ilplfl; r7ilplfl; r8ilplfl; gn Mackallah et al. (2022)

ACCESS-ESM1-5

AWI-CM-1-1-MR*
BCC-CSM2-MR
CAMS-CSM1-0
CAS-ESM2-0
CESM2-FV2

CESM2-WACCM

CESM2
CMCC-CM2-SR5*
CMCC-ESM2

CNRM-CM6-1-HR*

CNRM-CM6-1
CNRM-ESM2-1

CanESMb5-1

CanESM5-CanOE*

r9ilplf1*; r10ilp1f1*

rlilplfl; r2i1p1fl; r3ilplfl™*; rdilp1f1*;
r5ilplfl; r6ilplfl; r7ilplfl™*; r8ilp1fl;
r9ilplfl; r10i1plfl; r11ilplf1*; r12i1p1fl;
r13ilplfl; r14ilplfl; r15i1p1f1*;r16ilp1fl;
r17ilplfl; r18ilplfl*; r19i1p1fl; r20ilp1fl;
r21ilplfl; r22ilp1fl*; r23ilplfl*; r24ilp1fl;
r25ilplfl; r26i1plfl; r27i1p1fl; r28ilplfl;
r29i1p1fl; r30ilplfl; r31ilplfl*; r32ilplfl;
r33ilplfl; r34ilp1fl; r35i1plfl; r36ilplfl;
r37i1p1fl; r38ilplfl*; r39i1p1fl; r40ilplfl
rlilplfl*

rlilplfl

rlilplfl; r2ilp1fl

rlilplfl; r3ilp1fl

rli2p2f1

rlilplfl; r2i1plfl; r3ilplfl; rdilplfl;
rbilplfl

rdilplfl; r10ilp1fl; r11ilp1fl

rlilplfl*

rlilplfl

rlilplf2*

rlilp1f2; r2i1p1f2; r3ilplf2; rdilplf2;
rbilplf2; r6ilp1f2

rlilplf2

rlilplfl; r1ilp2f1; r2ilplfl; r2ilp2f1;
r3ilplf1*; r3ilp2f1*; rdilplf1*; rdilp2f1*;
rb5ilplfl*; r5ilp2fl; r6ilplfl*; r6ilp2f1*;
r7ilplfl; r7i1p2fl; r8ilp1f1*;r8ilp2f1;
r9ilplf1*; r9ilp2f1*; r10i1p1f1*; r10ilp2f1*
rlilp2fl*; r2i1p2f1*; r3ilp2f1*

gn

gn
gn
gn
gn
gn
gr
gn
gn
gn
gn
gn

gn

gn

gn

Mackallah et al. (2022)

Semmler et al. (2020)

Wu et al. (2019)

Rong, Li, and Chen (2019)
Dong et al. (2021)
Danabasoglu et al. (2020)

(
Danabasoglu et al. (2020)
(

Danabasoglu et al. (2020)
Cherchi et al. (2019)
Lovato et al. (2022)
Voldoire et al. (2019)

Voldoire et al. (2019)
Séférian et al. (2019)

Sigmond et al. (2023)

Swart et al. (2019)

@ Ensemble members marked with an asterisk (*) have deep convection in the Arctic over 2015

- 2023 already and were excluded from the correlation and trend analyses. Models marked with

an asterisk (*) have deep convection in the Arctic over 2015 - 2023 already for all their ensemble

members.
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Table S2. Table S1 continued
Model Ensemble members Grid Reference

rlilplfl*; r1ilp2f1*; r2i1p1f1*; r2i1p2f1*;

r3ilplf1*; r3i1p2f1*; r4ilp1f1*; rdilp2fl;

r5ilplf1*; r5ilp2f1*; r6ilplfl*; r6ilp2f1*;

PTiplf1%; rTilp2f1*; r8ilplfl*:r8ilp2fl;

rOilplfl*; r9i1p2f1*; r10i1p1f1*; r10ilp2f1*;

r11ilplfl*; r11i1p2f1*; r12i1p1f1*; r12i1p2f1*;
CanESM5 r13i1plf1*;r13i1p2f1*; r14ilplf1*; r14ilp2f1; gn Swart et al. (2019)

r15i1p1f1*; r15i1p2f1*; r16ilp1f1*; r16i1p2fl1;

r17ilplfl%; r17ilp2fl; r18ilplfl*; r18ilp2fl*;

r19i1plf1%; r19i1p2f1*; 120i1plfl*; r20i1p2fl*;

21 pLEL*; 12111 p2f1%; r22i1plf1*; r22i1p2f1*:

r23i1plf1%; r23i1p2f1*; 124i1plfl*; r24i1p2fl*;

r25i1p1f1*; r25i1p2f1*
E3SM-1-0 iéﬁgiﬁ r21plfL; r3ilplfl; rdilplfL; gr  Golaz et al. (2019)
E3SM-1-1-ECA rlilp1fl gr Golaz et al. (2019)
E3SM-1-1 rlilplfl gr Golaz et al. (2019)
EC-Earth3-Veg-LR rlilplfl; r2i1plfl; r3ilplfl gn  Doscher et al. (2021)
EC-Earth3-Veg rlilplfl*; r2ilp1fl gn Déscher et al. (2021)
FGOALS-f3-L rlilplfl gn He et al. (2019)
FGOALS-g3 rlilplfl; r2ilplfl; r3ilplfl; rdilplfl gn Liet al. (2020)
GFDL-CM4 rlilplfl gr  Adcroft et al. (2019)

rlilplf2; r1ilp3fl; r1ilp5f1*; r2ilp1f2;
GISS-E2-1-G r2ilp3f1; r2i1p5fl; r3ilplf2*; r3ilp3fl; gn Kelley et al. (2020)

rdilplf2; r4ilp3fl
HadGEM3-GC31-LL  rlilplf3; r2ilplf3; r3ilplf3; rdilplf3 gn  Kuhlbrodt et al. (2018)
HadGEM3-GC31-MM* rlilplf3*; r2i1p1f3*; r3ilp1f3*; rdilp1f3* gn Kuhlbrodt et al. (2018)
MIROC-ES2H* rlilpdf2*; r2i1p4f2*; r3ilp4f2 gn Hajima et al. (2020)
MIROC6* rlilplfl* gn Tatebe et al. (2019)
MPI-ESM1-2-HR* r2i1p1f1* gn Miiller et al. (2018)

rlilplf1*; r2i1p1f1*; r3ilplfl*; rdilplfl*;

r5ilplfl*; r6ilplfl*; r7ilplfl*; r8ilplfl*;

r9ilplfl*; r10ilplfl*; r11ilplf1™*; r12i1p1f1*;

r13ilplf1*; r14ilplf1*; r15i1p1f1*; r16i1p1f1*; .
MPL-ESMI-2-LR* PITipLE*: T1SilplfL*: r19i1plfl* r20ipifrs &0 Mauritsen et al. (2019)

r21i1plf1%; r22i1plf1*; 123i1plfl*; r24ilplfl*;

r25i1plf1%; 126i1p1f1*; r27i1plfl*; r28ilplfl*;

r29i1p1f1*; r30ilplf1*
MRI-ESM2-0 i}ﬁg}ﬁ iéﬁg}ﬁ;rmlpm’ r3ilpltl; er  Yukimoto et al. (2019)
NESM3 rlilplfl; r2i1plfl gn Cao et al. (2018)
NorESM2-LM rlilp1fl gn Seland et al. (2020)
UKESMI-0-LL rlilplf2; r2i1p1f2*; r3ilp1f2; r4ilp1f2; en  Sellar et al. (2019)

r8ilplf2*
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Table S3. Table version of Figure 2: Models; number of ensemble members used?® across-
ensemble minimum - median - maximum of the yearly maximum mixed layer depth (in meters);

across-ensemble minimum - mode - maximum number of years with deep convection in the Arctic;

type of Arctic deep convection behaviour (for the composites)®

Model Nb. Across-ensemble max MLD Across-ensemble years Type
members min - median - max min - mode - max

ACCESS-CM2 7 883 - 1041 - 1134 10-23-25 Late

ACCESS-ESM1-5 30 661 - 1019 - 1356 2-4-17 MidR
BCC-CSM2-MR 1 104 0 NoDC
CAMS-CSM1-0 2 198 - 224 - 251 0-0-0 NoDC
CAS-ESM2-0 2 157 - 165 - 173 0-0-0 NoDC
CESM2-FV2 1 97 0 NoDC
CESM2-WACCM 5 99 - 101 - 102 0-0-0 NoDC
CESM2 3 108 - 108 - 111 0-0-0 NoDC
CMCC-ESM2 1 1147 73 MidD
CNRM-CM6-1 6 894 - 946 - 1045 22-22-33 Late

CNRM-ESM2-1 1 901 21 Late

CanESMb5-1 8 1011 - 1193 - 1808 43 - 65 - 69 MidD
CanESM5 6 1262 - 1497 - 1969 49 - 55 - 60 MidD
E3SM-1-0 5 492 - 575 - 698 0-1-4 MidR
E3SM-1-1-ECA 1 497 0 NoDC
E3SM-1-1 1 701 4 MidR
EC-Earth3-Veg-LR 3 1207 - 1439 - 1450 16 - 16 - 31 Late

EC-Earth3-Veg 1 1322 33 Late

FGOALS-f3-L 1 350 0 NoDC
FGOALS-g3 4 229 - 255 - 258 0-0-0 NoDC
GFDL-CM4 1 166 0 NoDC
GISS-E2-1-G 8 302 - 625 - 875 0-0-10 MidR
HadGEM3-GC31-LL 4 1325 - 1418 - 2552 A7 - 47 -T2 MidD
MRI-ESM2-0 5 352 - 511 - 554 0-0-2 MidR
NESM3 2 295 - 437 - 579 0-0-1 MidR
NorESM2-LM 1 92 0 NoDC
UKESM1-0-LL 3 1097 - 1325 - 1517 47 - 47 - 56 MidD

# The ensemble members are those listed in supp. Tables S1 and S2 without an asterisk, i.e.

that do not have deep convection in the Arctic already over 2015-2023.
b Types are: “NoDC”, no deep convection in the Arctic over 2015 - 2100 in SSP5-8.5; “MidR”,

rare Arctic deep convection, mid-run; “MidD”, Arctic deep convection peaks mid-run and de-

clines; “Late”, Arctic deep convection late in the run.
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Table S4. Correlation coefficient*for each model between the February ocean surface salinity

(S), temperature (T), sea ice concentration (SIC) and surface wind speed (Wind), for the Eurasian

basin (EB) and, for the models with Arctic deep convection, where the maximum MLD of Fig.

1 exceeds 500 m (DC). Bold fonts highlight the maximum correlation for each model.

Model Region Svs T S vs SIC Svs Wind T vs SIC T vs Wind SIC vs Wind
BCC-CSM2-MR EB -0.84 0.26 0.25 -0.42 -0.23 -0.24
CAMS-CSM1-0 EB -0.98 -0.26 0.24 -0.24 0.26 -0.39
CAS-ESM2-0 EB -0.76 0.86 -0.34 -0.78 0.29 -0.32
CESM2-FV2 EB -0.98 0.55 -0.40 -0.69 0.39 -0.36
CESM2-WACCM EB -0.78 0.60 -0.33 -0.89 0.36 -0.36
CESM2 EB -0.77 0.76 -0.45 -0.86 0.37 -0.46
E3SM-1-1-ECA EB 0.57 -0.41 0.35 -0.75 0.48 -0.58
FGOALS-f3-L EB 0.23 0.25 0.27 -0.66 0.29 -0.29
FGOALS-g3 EB -0.27 0.54 0.28 -0.32 -0.26 -0.24
GFDL-CM4 EB -0.90 0.46 -0.29 -0.58 0.35 -0.31
NorESM2-LM EB -0.89 0.30 0.27 -0.41 0.27 -0.39
ACCESS-ESM1-5 EB - - - - - -
DC - - - - - -
E3SM-1-0 EB -0.25 0.27 0.25 -0.80 0.43 -0.55
DC - - - - - -
E3SM-1-1 EB -0.48 0.40 -0.22 -0.84 0.44 -0.54
DC - -0.27 0.42 -0.86 0.56 -0.60
GISS-E2-1-G EB -0.99 0.64 0.24 -0.65 0.23 -0.30
DC 0.72 -0.52 0.49 -0.75 0.48 -0.44
MRI-ESM2-0 EB -0.70 0.61 -0.25 -0.90 0.31 -0.32
DC - - - - - -
NESM3 EB 0.43 -0.48 0.32 -0.84 0.30 -0.35
DC - - - - - -
CMCC-ESM2 EB 0.64 -0.62 0.40 -0.80 0.47 -0.58
DC 0.70 -0.66 0.41 -0.76 0.47 -0.57
CanESM5-1 EB 0.32 -0.40 0.39 -0.84 0.54 -0.63
DC 0.34 -0.42 0.39 -0.83 0.57 -0.67
CanESM5 EB - - - - - -
DC - - - - - -
HadGEM3-GC31-LL. EB - - - - - -
DC - - - - - -
UKESM1-0-LL EB 0.70 -0.74 0.48 -0.84 0.52 -0.58
DC 0.72 -0.75 0.50 -0.84 0.55 -0.61
ACCESS-CM2 EB -0.31 -0.35 -0.23 -0.83 0.40 -0.44
DC 0.55 -0.53 0.30 -0.82 0.41 -0.45
CNRM-CM6-1 EB 0.28 -0.30 0.31 -0.82 0.40 -0.50
DC 0.39 -0.40 0.33 -0.86 0.50 -0.59
CNRM-ESM2-1 EB 0.38 -0.39 0.34 -0.79 0.50 -0.54
DC 0.44 -0.44 0.37 -0.84 0.54 -0.57
DC 0.49 -0.62 0.41 -0.81 0.44 -0.50
EC-Earth3-Veg EB 0.41 -0.44 0.32 -0.76 0.34 -0.37
DC 0.56 -0.54 0.34 -0.77 0.40 -0.48

a

Only correlations significant at 95% are shown; for models with more than one ensemble

member, median of the correlations of the dominating sign.



