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Supplementary Figures 27 

 28 
Supplementary Figure 1 (a) Annual mean of the observed sea surface temperature (SST, in 29 

ºC) during 1982-2022 from the OISST2_hi dataset. (b) Difference in the annual mean SST (in 30 

ºC) between the SINTEX-F2 model and the OISST2_hi (i.e., model minus observation). (c-p) 31 

Same as in (b), but for the SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, 32 

CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-33 

IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-34 

GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the 35 

bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to 36 

the high-resolution model. 37 
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 39 
Supplementary Figure 2 (a) Annual mean of the observed sea ice concentration (SIC, in %) 40 

in the Antarctic Sea during 1982-2022 from the NSIDC_Nimbus dataset. (b) Difference in the 41 

annual mean SIC (in %) between the SINTEX-F2 model and the NSIDC_Nimbus data (i.e., 42 

model minus observation). (c-p) Same as in (b), but for the SINTEX-F3, CESM1-CAM5-SE-43 

LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, 44 

ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 45 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 46 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 47 

whereas the HR corresponds to the high-resolution model.  48 
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 49 
Supplementary Figure 3 Same as in Fig. S2, but for the Arctic Sea. 50 

  51 
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 52 
Supplementary Figure 4 (a) Spatial pattern of December-February mean SST anomalies (in 53 

ºC/σ) regressed onto the standardized NINO3.4 index for the OISST2_hi data. Color indicates 54 

a statistically significant value that exceeds 90  % confidence level using a Student’s t-test. A 55 

black box indicates a region in which we calculated the NINO3.4 index. (b-p) Same as in (a), 56 

but for the SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, 57 

CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-58 

IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-59 

GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the 60 

bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to 61 

the high-resolution model. 62 
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 64 
Supplementary Figure 5 (a) Spatial pattern of December-February mean SLP anomalies (in 65 

hPa/σ) regressed onto the standardized NINO3.4 index for the ERA5 reanalysis product. 66 

Color indicates a statistically significant value that exceeds 90 % confidence level using a 67 

Student’s t-test. A black box indicates a region in which we calculated the NINO3.4 index. (b-68 

p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-69 

CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-70 

MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, 71 

HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The 72 

LR in the bottom left of the panel stands for the low-resolution model, whereas the HR 73 

corresponds to the high-resolution model. 74 
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 76 
Supplementary Figure 6 Same as in Fig. S4, for the August-October mean SST anomalies (in 77 

ºC/σ) regressed onto the standardized Dipole Mode index of the Indian Ocean Dipole. 78 
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 80 
Supplementary Figure 7 Same as in Fig. S6, for the May-July mean SST anomalies (in ºC/81 

σ) regressed onto the standardized ATL3 index of the Atlantic Niño/Niña. 82 
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 84 
Supplementary Figure 8 (a) Spatial pattern of January-March mean SST climatology (gray 85 

contour, C.I. 2 ºC) and SST anomalies (in ºC/σ) regressed onto the standardized SST index 86 

over the Agulhas Retroflection Current (15ºE-30ºE, 42ºS-40ºS; black box)  region for the 87 

OISST2_hi data. Color indicates a statistically significant value that exceeds 90 % confidence 88 

level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, 89 

CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, 90 

ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-91 

GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-92 

ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the low-93 

resolution model, whereas the HR corresponds to the high-resolution model. 94 
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 96 
Supplementary Figure 9 (a) Spatial pattern of January-March mean net surface heat flux 97 

climatology (gray contour, C.I. 30 W m-2/σ) and net surface heat flux anomalies (in W m-2/98 

σ) regressed onto the standardized SST index over the Agulhas Retroflection Current (15ºE-99 

30ºE, 42ºS-40ºS; black box)  region for the ERA5 reanalysis product. Color indicates a 100 

statistically significant value that exceeds 80 % confidence level using a Student’s t-test. 101 

Positive values indicate the heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-102 

F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, 103 

CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-104 

GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-105 

ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the 106 

panel stands for the low-resolution model, whereas the HR corresponds to the high-resolution 107 

model. 108 
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 110 
Supplementary Figure 10 (a) Spatial pattern of January-March mean SLP climatology (gray 111 

contour, C.I. 2 hPa) and SLP anomalies (in hPa/σ) regressed onto the standardized SST index 112 

over the Agulhas Retroflection Current (15ºE-30ºE, 42ºS-40ºS; black box)  region for the 113 

ERA5 reanalysis product. Color indicates a statistically significant value that exceeds 90 % 114 

confidence level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, 115 

SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-116 

CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, 117 

HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and 118 

MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the 119 

low-resolution model, whereas the HR corresponds to the high-resolution model. 120 
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 122 
Supplementary Figure 11 (a) Spatial pattern of December-February mean SST climatology 123 

(gray contour, C.I. 2 ºC) and SST anomalies (in ºC/σ) regressed onto the standardized SST 124 

index over the Brazil-Malvinas Current (55ºW-52ºW, 45ºS-36ºS) region for the OISST2_hi 125 

data. Color indicates a statistically significant value that exceeds 90 % confidence level using 126 

a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAM5-127 

SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, 128 

ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 129 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 130 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 131 

whereas the HR corresponds to the high-resolution model. 132 
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 134 
Supplementary Figure 12 (a) Spatial pattern of December-February mean net surface heat 135 

flux climatology (gray contour, C.I. 30 W m-2/σ) and net surface heat flux anomalies (in W 136 

m-2/σ) regressed onto the standardized SST index over the Brazil-Malvinas Current (55ºW-137 

52ºW, 45ºS-36ºS) region for the ERA5 reanalysis product. Color indicates a statistically 138 

significant value that exceeds 80 % confidence level using a Student’s t-test. Positive values 139 

indicate the heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-140 

F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, 141 

ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-142 

GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-143 

ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the low-144 

resolution model, whereas the HR corresponds to the high-resolution model. 145 
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 147 
Supplementary Figure 13 (a) Spatial pattern of December-February mean SLP climatology 148 

(gray contour, C.I. 2 hPa) and SLP anomalies (in hPa/σ) regressed onto the standardized SST 149 

index over the Brazil-Malvinas Current (55ºW-52ºW, 45ºS-36ºS) region for the ERA5 150 

reanalysis product. Color indicates a statistically significant value that exceeds 90 % 151 

confidence level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, 152 

SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-153 

CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, 154 

HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and 155 

MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the 156 

low-resolution model, whereas the HR corresponds to the high-resolution model. 157 
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 159 
Supplementary Figure 14 (a) Spatial pattern of February-April mean SST climatology (gray 160 

contour, C.I. 1 ºC) and SST anomalies (in ºC/σ) regressed onto the standardized Dakar 161 

Niño/Niña SST index (DNI; 21ºW-17ºW, 9ºN-14ºN in a black box) for the OISST2_hi dataset. 162 

Color indicates a statistically significant value that exceeds 90 % confidence level using a 163 

Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAM5-164 

SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, 165 

ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 166 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 167 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 168 

whereas the HR corresponds to the high-resolution model. 169 
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 171 
Supplementary Figure 15 (a) Spatial pattern of February-April mean net surface heat flux 172 

climatology (gray contour, C.I. 20 W m-2/σ) and net surface heat flux anomalies (in W m-2/173 

σ) regressed onto the standardized Dakar Niño/Niña SST index (DNI; 21ºW-17ºW, 9ºN-14ºN 174 

in a black box) for the ERA5 reanalysis product. Color indicates a statistically significant value 175 

that exceeds 80 % confidence level using a Student’s t-test. Positive values indicate the heat 176 

going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-177 

CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-178 

IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 179 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 180 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 181 

whereas the HR corresponds to the high-resolution model. 182 
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 184 
Supplementary Figure 16 (a) Spatial pattern of February-April mean SLP climatology (gray 185 

contour, C.I. 1.5 hPa) and SLP anomalies (in hPa/σ) regressed onto the standardized Dakar 186 

Niño/Niña SST index (DNI; 21ºW-17ºW, 9ºN-14ºN in a black box)  for the ERA5 reanalysis 187 

product. Color indicates a statistically significant value that exceeds 90 % confidence level 188 

using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-189 

CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-190 

IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 191 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 192 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 193 

whereas the HR corresponds to the high-resolution model. 194 
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 196 
Supplementary Figure 17 (a) Spatial pattern of March-May mean SST climatology (gray 197 

contour, C.I. 1 ºC) and SST anomalies (in ºC/σ) regressed onto the standardized Benguela 198 

Niño/Niña SST index (ABA; 8ºE-14ºE, 20ºS-10ºS in a black box) for the OISST2_hi dataset. 199 

Color indicates a statistically significant value that exceeds 90 % confidence level using a 200 

Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-CAM5-201 

SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, 202 

ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 203 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 204 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 205 

whereas the HR corresponds to the high-resolution model. 206 
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 208 
Supplementary Figure 18 (a) Spatial pattern of March-May mean net surface heat flux 209 

climatology (gray contour, C.I. 15 W m-2/σ) and net surface heat flux anomalies (in W m-2/210 

σ) regressed onto the standardized Benguela Niño/Niña SST index (ABA; 8ºE-14ºE, 20ºS-211 

10ºS in a black box) for the ERA5 reanalysis product. Color indicates a statistically significant 212 

value that exceeds 80 % confidence level using a Student’s t-test. Positive values indicate the 213 

heat going into the ocean. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-214 

CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-215 

IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 216 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 217 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 218 

whereas the HR corresponds to the high-resolution model. 219 

  220 
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 221 
Supplementary Figure 19 (a) Spatial pattern of March-May mean SLP climatology (gray 222 

contour, C.I. 1.5 hPa) and SLP anomalies (in hPa/σ) regressed onto the standardized Benguela 223 

Niño/Niña SST index (ABA; 8ºE-14ºE, 20ºS-10ºS in a black box) for the ERA5 reanalysis 224 

product. Color indicates a statistically significant value that exceeds 90 % confidence level 225 

using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, SINTEX-F3, CESM1-226 

CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-227 

IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, 228 

HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR 229 

models, respectively. The LR in the bottom left of the panel stands for the low-resolution model, 230 

whereas the HR corresponds to the high-resolution model. 231 
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 233 
Supplementary Figure 20 (a) Spatial pattern of December-February mean sea ice 234 

concentration anomalies (SIC; in %/σ) regressed onto the standardized Antarctic sea ice extent 235 

(SIE) anomalies for the NSIDC_Nimbus data. Color indicates a statistically significant value 236 

that exceeds 90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the 237 

SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-238 

HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, 239 

HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, 240 

MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of 241 



 22 

the panel stands for the low-resolution model, whereas the HR corresponds to the high-242 

resolution model. 243 

  244 
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 245 
Supplementary Figure 21 (a) Spatial pattern of December-February mean net surface heat 246 

flux anomalies (in W m-2/σ) regressed onto the standardized Antarctic sea ice extent (SIE) 247 

anomalies for the NSIDC_Nimbus data. Color indicates a statistically significant value that 248 

exceeds 80 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the 249 

SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-250 

HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, 251 

HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, 252 

MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of 253 

the panel stands for the low-resolution model, whereas the HR corresponds to the high-254 

resolution model. 255 
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 256 
Supplementary Figure 22 (a) Spatial pattern of December-February mean sea level pressure 257 

anomalies (SLP; in hPa/σ) regressed onto the standardized Antarctic sea ice extent (SIE) 258 

anomalies for the NSIDC_Nimbus data. A white dot indicate a statistically significant value 259 

that exceeds 90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the 260 

SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-261 

HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, 262 

HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, 263 

MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of 264 

the panel stands for the low-resolution model, whereas the HR corresponds to the high-265 

resolution model.  266 
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 267 
Supplementary Figure 23 (a) Spatial pattern of August-October mean sea ice concentration 268 

anomalies (SIC; in %/σ) regressed onto the standardized Arctic sea ice extent (SIE) anomalies 269 

for the NSIDC_Nimbus dataset. Color indicates a statistically significant value that exceeds 270 

90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, 271 

SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-272 

CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, 273 

HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and 274 

MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the 275 

low-resolution model, whereas the HR corresponds to the high-resolution model. 276 
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 277 
Supplementary Figure 24 (a) Spatial pattern of August-October mean net surface heat flux 278 

anomalies (in W m-2/σ) regressed onto the standardized Arctic sea ice extent (SIE) anomalies 279 

for the NSIDC_Nimbus dataset. Color indicates a statistically significant value that exceeds 280 

90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the SINTEX-F2, 281 

SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, CMCC-282 

CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-GC31-LL, 283 

HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-ESM1-2-HR, and 284 

MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the panel stands for the 285 

low-resolution model, whereas the HR corresponds to the high-resolution model.  286 
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 287 
Supplementary Figure 25 (a) Spatial pattern of August-October mean sea level pressure 288 

anomalies (SLP; in hPa/σ ) regressed onto the standardized Arctic sea ice extent (SIE) 289 

anomalies for the ERA5 reanalysis product. A white dot indicate a statistically significant value 290 

that exceeds 90 % confidence level using a Student’s t-test. (b-p) Same as in (a), but for the 291 

SINTEX-F2, SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-292 

HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, 293 

HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, 294 

MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of 295 

the panel stands for the low-resolution model, whereas the HR corresponds to the high-296 

resolution model.  297 
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 298 
Supplementary Figure 26 (a) Annual mean of zonally-averaged ocean potential temperature 299 

(Tzon; in ºC) observed during 1982-2023 as a function of the depth from the EN4 dataset. (b) 300 

Difference in the annual mean of zonally-averaged ocean potential temperature (in ºC) over the 301 

42 years between the SINTEX-F2 model and EN4 dataset (i.e., model minus observation). (c-302 

p) Same as in (b), but for the SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, 303 

CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-304 

IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-305 

GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the 306 

bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to 307 

the high-resolution model. 308 
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 309 
Supplementary Figure 27 (a) Annual mean of zonally-averaged ocean salinity (Szon; in PSU) 310 

observed during 1982-2023 as a function of the depth from the EN4 dataset. (b) Difference in 311 

the annual mean of zonally-averaged ocean salinity (in PSU) over the 42 years between the 312 

SINTEX-F2 model and EN4 dataset (i.e., model minus observation). (c-p) Same as in (b), but 313 

for the SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, CMCC-CM2-HR4, 314 

CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-IFS-HR, HadGEM3-315 

GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-GC31-HH, MPI-316 

ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the bottom left of the 317 

panel stands for the low-resolution model, whereas the HR corresponds to the high-resolution 318 

model. 319 

 320 
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 321 
Supplementary Figure 28 (a) Annual mean of zonally-averaged ocean potential density 322 

(Rzon; in kg m-3) observed during 1982-2023 as a function of the depth from the EN4 dataset. 323 

(b) Difference in the annual mean of zonally-averaged ocean potential density (in kg m-3) over 324 

the 42 years between the SINTEX-F2 model and EN4 dataset (i.e., model minus observation). 325 

(c-p) Same as in (b), but for the SINTEX-F3, CESM1-CAM5-SE-LR, CESM1-CAM5-SE-HR, 326 

CMCC-CM2-HR4, CMCC-CM2-VHR4, ECMWF-IFS-LR, ECMWF-IFS-MR, ECMWF-327 

IFS-HR, HadGEM3-GC31-LL, HadGEM3-GC31-MM, HadGEM3-GC31-HM, HadGEM3-328 

GC31-HH, MPI-ESM1-2-HR, and MPI-ESM1-2-XR models, respectively. The LR in the 329 

bottom left of the panel stands for the low-resolution model, whereas the HR corresponds to 330 

the high-resolution model. 331 

  332 
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 333 
Supplementary Figure 29 (a) Monthly climatology of the western tropical Pacific sea surface 334 

temperature (SST; in ºC) for the OISST2_hi (black) dataset, SINTEX-F2 (red), SINTEX-F3 335 

(blue), CMIP6-LR (magenta), and CMIP6-HR (light blue) models. Color shades indicate plus 336 

and minus one standard deviation of the model spreads. (b) Same as in (a), but for the eastern 337 

tropical Pacific SST (in ºC). (c-d) Same as in (a-b), but for the thermocline depth (Z20; in m). 338 

The observation from EN4 dataset was used. (e-f) Same as in (a-b), but for the zonal wind 339 

speed at 10 m (U10; in m s-1).  340 
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