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Supplementary Figures
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Supplementary Figure 1 (a) Annual mean of the observed sea surface temperature (SST, in
°C) during 1982-2022 from the OISST2_hi dataset. (b) Difference in the annual mean SST (in
°C) between the SINTEX-F2 model and the OISST2 _hi (i.e., model minus observation). (¢c-p)
Same as in (b), but for the SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR,
CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWEF-
IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-
GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the
bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to

the high-resolution model.
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Supplementary Figure 2 (a) Annual mean of the observed sea ice concentration (SIC, in %)
in the Antarctic Sea during 1982-2022 from the NSIDC Nimbus dataset. (b) Difference in the
annual mean SIC (in %) between the SINTEX-F2 model and the NSIDC Nimbus data (i.e.,
model minus observation). (c-p) Same as in (b), but for the SINTEX-F3, CESM1-CAMS5-SE-
LR, CESMI-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWEF-IFS-LR,

ECMWFEF-IFS-MR,

ECMWF-IFS-HR,

HadGEM3-GC31-LL,

HadGEM3-GC31-MM,

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 3 Same as in Fig. S2, but for the Arctic Sea.
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(d) DJF SST reg NINO3.4 (CESM1—CAM5-SE-LR)

— J

60E 180 120W 60W. 0 60E 60W 0 120W 60W. ]
B T o B o e
=15 -12-09 06 03 0 03 06 09 12 15 C/O =15 -12-09 -06 03 0 03 05 03 12 15 C/O =15 -12-09 06 03 0 03 06 08 12 15 < C/O =15 -12-09 06 035 0 03 08 03 12 15 °C/O
(€) DUF SST reg NINO3.4 (CESM1-CAMS—SE-HR) (MSN) DJF SST reg NINO3.4 (CMCC-CM2-VHR4) ~ (N)  DUF SST reg NINO3.4 (ECMWF—IFS—LR)

— J ey

308
60S:
0 905 60E 1206 180 120W 60W. ]
B o e ————— g} o R S I N —— — o
T o | S TSI oGy S I oC/o el [ I oG/
() DJF SST reg NINO3.4 (ECMWF—IFS—MR) () DU SST reg NINO3.4 (ECMWF—IFS—HR) (K) DUF SST reg NINO3.4 (HadGEM3-GC31-LL)  (I) DUF SST req NINO3.4 (HadGEM3-GC31-MM)

— =< — < —_ <

308 308
60S 60S:
90S 90S:
60E 1206 180 120W B0W o 60E 1206 180 120W 60W. 0 60E 120E 180 120W 60W 0 60E 1206 180 120W 60W. ]
R U S — I ———
=15 -12-09 06 03 0 03 06 08 1z 15  C/O =15 12 -09 06 03 0 03 08 03 12 15 =15 -12-09 0603 0 03 05 03 12 15  °C/O

(N) DUF SST reg NINO3.4 (HadGEM3—GC31-HH)

< [ =<

60E 120 180 1200 600 [) 60E 1206 180 120W 600 [] 60E 1206 180 1200 60E 1206 180 1200 600 []
R o I — — — R - I — — — o
—15 =12 -09 -06 03 0 03 06 09 1z 15 C/O —15-12 -09 -06 03 0 03 06 03 12 15 C/O —15-1.2 -09 -06 03 0 035 06 09 12 15 °C/O —15-12 -09 -06 =03 0 03 06 03 12 15 °C/O

Supplementary Figure 4 (a) Spatial pattern of December-February mean SST anomalies (in
°C/ 0 ) regressed onto the standardized NINO3.4 index for the OISST2_hi data. Color indicates
a statistically significant value that exceeds 90 % confidence level using a Student’s #-test. A
black box indicates a region in which we calculated the NINO3.4 index. (b-p) Same as in (a),
but for the SINTEX-F2, SINTEX-F3, CESMI-CAMS5-SE-LR, CESMI1-CAMS5-SE-HR,
CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWEF-
IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-
GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the
bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to

the high-resolution model.
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Supplementary Figure 5 (a) Spatial pattern of December-February mean SLP anomalies (in

hPa/ 0 ) regressed onto the standardized NINO3.4 index for the ERAS reanalysis product.

Color indicates a statistically significant value that exceeds 90 % confidence level using a

Student’s #-test. A black box indicates a region in which we calculated the NINO3.4 index. (b-
p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-
CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-
MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM,
HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The

LR in the bottom left of the panel stands for the low-resolution model, whereas the HR

corresponds to the high-resolution model.
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Supplementary Figure 6 Same as in Fig. S4, for the August-October mean SST anomalies (in

°C/ o) regressed onto the standardized Dipole Mode index of the Indian Ocean Dipole.
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Supplementary Figure 7 Same as in Fig. S6, for the May-July mean SST anomalies (in °C/

o ) regressed onto the standardized ATL3 index

of the Atlantic Nifio/Nifia.
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Supplementary Figure 8 (a) Spatial pattern of January-March mean SST climatology (gray

contour, C.I. 2 °C) and SST anomalies (in °C/ 0 ) regressed onto the standardized SST index

over the Agulhas Retroflection Current (15°E-30°E, 42°S-40°S; black box) region for the

OISST2 hi data. Color indicates a statistically significant value that exceeds 90 % confidence
level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3,
CESM1-CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHRA4,
ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-
GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-
ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the low-

resolution model, whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 9 (a) Spatial pattern of January-March mean net surface heat flux
climatology (gray contour, C.I. 30 W m?/ ¢ ) and net surface heat flux anomalies (in W m?/
o ) regressed onto the standardized SST index over the Agulhas Retroflection Current (15°E-
30°E, 42°S-40°S; black box) region for the ERAS reanalysis product. Color indicates a
statistically significant value that exceeds 80 % confidence level using a Student’s #-test.
Positive values indicate the heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-
F2, SINTEX-F3, CESMI-CAMS5-SE-LR, CESMI1-CAMS5-SE-HR, CMCC-CM2-HR4,
CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWEF-IFS-MR, ECMWF-IFS-HR, HadGEM3-
GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-
ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the
panel stands for the low-resolution model, whereas the HR corresponds to the high-resolution

model.
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Supplementary Figure 10 (a) Spatial pattern of January-March mean SLP climatology (gray

contour, C.I. 2 hPa) and SLP anomalies (in hPa/ o ) regressed onto the standardized SST index

over the Agulhas Retroflection Current (15°E-30°E, 42°S-40°S; black box) region for the

ERAS reanalysis product. Color indicates a statistically significant value that exceeds 90 %

confidence level using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2,

SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-
CM2-VHR4, ECMWEF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL,
HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and

MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the

low-resolution model, whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 11 (a) Spatial pattern of December-February mean SST climatology
(gray contour, C.I. 2 °C) and SST anomalies (in °C/ 0 ) regressed onto the standardized SST
index over the Brazil-Malvinas Current (55°W-52°W, 45°S-36°S) region for the OISST2 hi
data. Color indicates a statistically significant value that exceeds 90 % confidence level using
a Student’s ¢-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAMS5-
SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR,
ECMWF-IFS-MR, ECMWEF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR
models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 12 (a) Spatial pattern of December-February mean net surface heat
flux climatology (gray contour, C.I. 30 W m'?/ 0 ) and net surface heat flux anomalies (in W
m?/ o) regressed onto the standardized SST index over the Brazil-Malvinas Current (55°W-
52°W, 45°S-36°S) region for the ERAS5 reanalysis product. Color indicates a statistically
significant value that exceeds 80 % confidence level using a Student’s #-test. Positive values
indicate the heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-
F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHRA4,
ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-
GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-
ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the low-

resolution model, whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 13 (a) Spatial pattern of December-February mean SLP climatology
(gray contour, C.I. 2 hPa) and SLP anomalies (in hPa/ o ) regressed onto the standardized SST
index over the Brazil-Malvinas Current (55°W-52°W, 45°S-36°S) region for the ERAS
reanalysis product. Color indicates a statistically significant value that exceeds 90 %
confidence level using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2,
SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-
CM2-VHR4, ECMWEF-IFS-LR, ECMWEF-IFS-MR, ECMWEF-IFS-HR, HadGEM3-GC31-LL,
HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and
MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the

low-resolution model, whereas the HR corresponds to the high-resolution model.

14



159
160
161
162
163
164
165
166
167
168
169

170

(b] FMA SST reg DNI (SINTEX-F2) (c FMA SST reg DNI (SINTEX-F3) (d) FMA SST reg DNI (CESM1-CAM5-SE-LR)

] v/ 7 e

10N 10N 10N

LR HR . \I?R\; 4/
50W, 50W 40w 30w 200 10W 50W £ 40w 300 200 10W Sow SO 40w 30w 200 100
~—r T T T T
e he b5z oz o4 o5 ce T °Clo e he b5z oz o+ o5 oo °Clo e 0e 057 & oz o+ o5 e °Clo e s b1 07+ o7 0% o oe °Clo
(€) FMA SST reg DNI (CESM1—CAM5—-SE—HR) (f)  FMA SST reg DNI (CMCC—CM2-HR4) 3&9) FMA SST reg DNI (CMCC—CM2-VHR4) ) FMA SST reg DNI (ECMWF—IFS—LR)
F " "

-
10N
HR)
30w 20w 0% 60N 50W 40w 30w 20w 10w
R ————— ]
1208 06 04 07 0 07 04 os o8 1 O/ °Clo

=1-08 ~0.6 ~0.4 0 2 0.4 06 0. =1 -08 -06 0.4 02
FMA SST reg DNI (ECMWF—IFS—MR| (k FMA SST reg DNI
9 9

T 07 04 05 0.
HadGEM3-GC31-LL)
s

o B, —— — Y
=17-08 ~06 ~04 -0Z 0 0. s o8 1 ClO =1-08 -0 04 -0Z 0 02 0.4 05 08 1 C/O =108 -06 0.4 02 0 0Z 04 06 08 1 °Clo
(M) FMA SST req DNI (HadGEM3—-GC31-HM) (N) FMA SST req DNI (HadGEM3—-GC31-HH) (O)  FMA SST reg DNI (MPI—ESM1-2-HR)
“ =
208 208
10N 10N
=~
=]
HR])
“6ow 500 oW 30w 200 100
G0z o o8 os 1 OO Tr08 06 b4 -0z o oz o4 o8 os 1 C/O 08 08 -04 -0z o0z 04 o oo 1 OO 08 08 -04 -0z o0z 04 os os 1 C/O

Supplementary Figure 14 (a) Spatial pattern of February-April mean SST climatology (gray
contour, C.I. 1 °C) and SST anomalies (in °C/ 0 ) regressed onto the standardized Dakar
Nifio/Nifia SST index (DNI; 21°W-17°W, 9°N-14°N in a black box) for the OISST2_hi dataset.
Color indicates a statistically significant value that exceeds 90 % confidence level using a
Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAMS5-
SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR,
ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR
models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 15 (a) Spatial pattern of February-April mean net surface heat flux
climatology (gray contour, C.I. 20 W m/ o ) and net surface heat flux anomalies (in W m%/
o ) regressed onto the standardized Dakar Nifio/Nifia SST index (DNI; 21°W-17°W, 9°N-14°N
in a black box) for the ERAS5 reanalysis product. Color indicates a statistically significant value
that exceeds 80 % confidence level using a Student’s #-test. Positive values indicate the heat
going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-
CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-
IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR, HaddGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR
models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 16 (a) Spatial pattern of February-April mean SLP climatology (gray
contour, C.I. 1.5 hPa) and SLP anomalies (in hPa/ 0 ) regressed onto the standardized Dakar
Nifio/Nina SST index (DNI; 21°W-17°W, 9°N-14°N in a black box) for the ERAS reanalysis
product. Color indicates a statistically significant value that exceeds 90 % confidence level
using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-
CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWEF-
IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR, HaddGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 17 (a) Spatial pattern of March-May mean SST climatology (gray
contour, C.I. 1 °C) and SST anomalies (in °C/ 0 ) regressed onto the standardized Benguela
Nifio/Nifia SST index (ABA; 8°E-14°E, 20°S-10°S in a black box) for the OISST2 hi dataset.
Color indicates a statistically significant value that exceeds 90 % confidence level using a
Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAMS5-
SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR,
ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR
models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 18 (a) Spatial pattern of March-May mean net surface heat flux
climatology (gray contour, C.I. 15 W m™/ 0 ) and net surface heat flux anomalies (in W m%/
o) regressed onto the standardized Benguela Nifio/Nifia SST index (ABA; 8°E-14°E, 20°S-
10°S in a black box) for the ERAS5 reanalysis product. Color indicates a statistically significant
value that exceeds 80 % confidence level using a Student’s #-test. Positive values indicate the
heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-
CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-
IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR, HaddGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR
models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 19 (a) Spatial pattern of March-May mean SLP climatology (gray

contour, C.I. 1.5 hPa) and SLP anomalies (in hPa/ o ) regressed onto the standardized Benguela

Nifio/Nifia SST index (ABA; 8°E-14°E, 20°S-10°S in a black box) for the ERAS reanalysis

product. Color indicates a statistically significant value that exceeds 90 % confidence level
using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-
CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWEF-
IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR, HaddGEM3-GC31-LL, HadGEM3-GC31-MM,
HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model,

whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 20 (a) Spatial pattern of December-February mean sea ice
concentration anomalies (SIC; in %/ o ) regressed onto the standardized Antarctic sea ice extent
(SIE) anomalies for the NSIDC Nimbus data. Color indicates a statistically significant value
that exceeds 90 % confidence level using a Student’s #-test. (b-p) Same as in (a), but for the
SINTEX-F2, SINTEX-F3, CESMI1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-
HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR,
HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH,
MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of
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242  the panel stands for the low-resolution model, whereas the HR corresponds to the high-

243 resolution model.
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Supplementary Figure 21 (a) Spatial pattern of December-February mean net surface heat

flux anomalies (in W m™/ o0 ) regressed onto the standardized Antarctic sea ice extent (SIE)

anomalies for the NSIDC Nimbus data. Color indicates a statistically significant value that

exceeds 80 % confidence level using a Student’s #-test. (b-p) Same as in (a), but for the

SINTEX-F2, SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-

HR4,

CMCC-CM2-VHRA4,

ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR,

HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH,
MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of

the panel stands for the low-resolution model, whereas the HR corresponds to the high-

resolution model.
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Supplementary Figure 22 (a) Spatial pattern of December-February mean sea level pressure
anomalies (SLP; in hPa/ 0 ) regressed onto the standardized Antarctic sea ice extent (SIE)
anomalies for the NSIDC Nimbus data. A white dot indicate a statistically significant value
that exceeds 90 % confidence level using a Student’s #-test. (b-p) Same as in (a), but for the
SINTEX-F2, SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-
HR4, CMCC-CM2-VHR4, ECMWEF-IFS-LR, ECMWF-IFS-MR, ECMWEF-IFS-HR,
HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH,
MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of
the panel stands for the low-resolution model, whereas the HR corresponds to the high-

resolution model.
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Supplementary Figure 23 (a) Spatial pattern of August-October mean sea ice concentration

anomalies (SIC; in %/ o ) regressed onto the standardized Arctic sea ice extent (SIE) anomalies

for the NSIDC Nimbus dataset. Color indicates a statistically significant value that exceeds
90 % confidence level using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2,
SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR, CMCC-CM2-HR4, CMCC-
CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL,
HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and
MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the

low-resolution model, whereas the HR corresponds to the high-resolution model.
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Supplementary Figure 24 (a) Spatial pattern of August-October mean net surface heat flux

anomalies (in W m/ o ) regressed onto the standardized Arctic sea ice extent (SIE) anomalies

for the NSIDC Nimbus dataset. Color indicates a statistically significant value that exceeds

90 % confidence level using a Student’s #-test. (b-p) Same as in (a), but for the SINTEX-F2,
SINTEX-F3, CESM1-CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4, CMCC-
CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL,
HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and
MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the

low-resolution model, whereas the HR corresponds to the high-resolution model.
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288  Supplementary Figure 25 (a) Spatial pattern of August-October mean sea level pressure
289  anomalies (SLP; in hPa/ 0 ) regressed onto the standardized Arctic sea ice extent (SIE)
290  anomalies for the ERAS reanalysis product. A white dot indicate a statistically significant value
291  that exceeds 90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the
292 SINTEX-F2, SINTEX-F3, CESM1-CAMS5-SE-LR, CESMI1-CAMS-SE-HR, CMCC-CM2-
293  HR4, CMCC-CM2-VHR4, ECMWEF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR,
294  HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH,
295  MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of
296  the panel stands for the low-resolution model, whereas the HR corresponds to the high-

297  resolution model.
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Supplementary Figure 26 (a) Annual mean of zonally-averaged ocean potential temperature
(Tzon; in °C) observed during 1982-2023 as a function of the depth from the EN4 dataset. (b)
Difference in the annual mean of zonally-averaged ocean potential temperature (in °C) over the
42 years between the SINTEX-F2 model and EN4 dataset (i.e., model minus observation). (¢-
p) Same as in (b), but for the SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR,
CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWEF-
IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-
GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the
bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to

the high-resolution model.
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Supplementary Figure 27 (a) Annual mean of zonally-averaged ocean salinity (Szon; in PSU)
observed during 1982-2023 as a function of the depth from the EN4 dataset. (b) Difference in
the annual mean of zonally-averaged ocean salinity (in PSU) over the 42 years between the
SINTEX-F2 model and EN4 dataset (i.e., model minus observation). (¢-p) Same as in (b), but
for the SINTEX-F3, CESM1-CAMS-SE-LR, CESM1-CAMS-SE-HR, CMCC-CM2-HR4,
CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-
GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-
ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the
panel stands for the low-resolution model, whereas the HR corresponds to the high-resolution

model.
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Supplementary Figure 28 (a) Annual mean of zonally-averaged ocean potential density
(Rzon; in kg m™) observed during 1982-2023 as a function of the depth from the EN4 dataset.
(b) Difference in the annual mean of zonally-averaged ocean potential density (in kg m™) over
the 42 years between the SINTEX-F2 model and EN4 dataset (i.e., model minus observation).
(c-p) Same as in (b), but for the SINTEX-F3, CESM1-CAMS5-SE-LR, CESM1-CAMS5-SE-HR,
CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWEF-IFS-LR, ECMWF-IFS-MR, ECMWF-
IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-
GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the

bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to
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Supplementary Figure 29 (a) Monthly climatology of the western tropical Pacific sea surface
temperature (SST; in °C) for the OISST2 hi (black) dataset, SINTEX-F2 (red), SINTEX-F3
(blue), CMIP6-LR (magenta), and CMIP6-HR (light blue) models. Color shades indicate plus
and minus one standard deviation of the model spreads. (b) Same as in (a), but for the eastern
tropical Pacific SST (in °C). (c-d) Same as in (a-b), but for the thermocline depth (Z20; in m).
The observation from EN4 dataset was used. (e-f) Same as in (a-b), but for the zonal wind

speed at 10 m (U10; inm s™!).
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