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Table S1. Comparison of stability patterns by RMSE values computed in the entire Northern
Hemisphere (NH) and minimum (abbreviated as min.), 1st, 5th, 25th, 50th, 75th, 95th 99th percentiles
(abbreviated as p.) and maximum (abbreviated as max.) of the RMSE values obtained from 500,000
Monte Carlo simulations. The range is the difference between the maximum and the minimum

values. In (a-d) the GCMs are listed in alphabetical order.

(a) Analysis of 30-year-long periods in which the ERA-20C is used as a reference dataset.

Reanalysis / RMSE min 1st 5th 25t 50t 75th  95th  QQth max. range
GCM name NH T op. p- p- p- p- p- p-

NCEP-NCARR1 0.82 0.00 032 043 062 077 094 117 133 179 179
ACCESS1-0 1.84 037 1.04 127 160 182 203 233 254 314 277
ACCESS]-3 195 050 114 138 171 193 215 245 265 323 273
CCSM4 214 054 129 154 188 212 234 265 286 349 295
CMCC-CM 1.76 032 09 118 151 173 195 225 245 3.08 277
CMCC-CMS 1.85 051 107 130 162 183 204 232 252 3.09 258
CNRM-CM5 203 041 116 142 177 201 223 255 276 337 296
GFDL-CM3 217 052 131 157 192 215 237 268 290 341 289
GFDL-ESM2G 212 049 125 151 1.87 210 232 263 284 340 291
GFDL-ESM2M 187 044 106 130 163 185 206 236 256 311 2.67
HadGEM2-AO 191 085 129 146 171 189 207 232 249 298 214
HadGEM2-CC 1.75 029 09 119 151 173 193 223 242 292 264
IPSL-CM5A-MR  2.05 051 121 146 181 203 225 256 277 335 284
MIROC5 204 051 125 148 181 203 224 253 273 330 280
MPI-ESM-LR 181 029 097 122 15 179 201 231 252 314 285
MPI-ESM-MR 203 047 121 145 179 201 223 252 272 333 286
MPI-ESM-P 198 051 115 140 174 196 218 249 269 325 274
MRI-CGCM3 233 053 149 174 208 231 253 283 304 358 3.05
MRI-ESM1 241 038 155 181 216 239 262 293 315 375 337
NorESM1-M 231 074 144 171 206 229 251 282 3.04 360 287
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(b) Analysis of 30-year-long periods in which the NCEP-NCAR R1 is used as a reference dataset.

Reanalysis/ RMSE min 1st 5th 25th 50t 75t 95th  Q9th

GCM name NH " p. p. p. p. p. p. . max. range

ERA-20C 082 000 032 043 062 077 094 117 133 179 179
ACCESS1-0 193 045 111 135 168 191 212 242 263 320 275
ACCESS1-3 203 056 122 146 179 201 223 252 273 329 272

CC5M4 210 047 126 151 1.8 208 230 261 281 350 3.03
CMCC-CM 1.79 026 099 122 154 176 197 227 247 3.04 278
CMCC-CMS 1.71 025 095 117 148 169 1.89 217 236 292 267
CNRM-CM5 207 039 121 147 182 205 227 258 279 352 313
GFDL-CM3 201 048 116 141 176 198 221 252 272 330 282
GFDL-ESM2G 219 056 134 160 194 217 239 270 291 340 284
GFDL-ESM2M 191 047 109 133 167 189 211 241 262 322 275
HadGEM2-AO 199 086 134 153 179 197 215 240 258 312 226
HadGEM2-CC 193 039 111 136 1.69 191 212 242 262 320 281
IPSL-CM5A-MR  2.02 045 120 144 178 201 222 253 273 325 280
MIROCS5 194 047 115 138 170 192 213 242 262 319 272
MPI-ESM-LR 1.76 030 09 119 152 174 195 225 246 3.13 283
MPI-ESM-MR 203 042 123 147 179 201 222 251 271 335 292
MPI-ESM-P 192 043 1.09 134 167 190 211 242 262 323 280
MRI-CGCM3 227 068 144 168 203 225 247 278 299 3.68 3.00
MRI-ESM1 230 032 144 169 205 228 250 282 303 378 345
NorESM1-M 221 053 135 161 196 219 242 273 294 349 296

(c) Analysis of 10-year-long periods in which the ERA-20C is used as a reference dataset.

Reanalysis / RMSE min 1st 5th 25t 50t 75th  95th  QQth max. range
GCM name NH " p. p- p- p- p- p- p- ' 8

NCEP-NCARR1 1.00 039 064 073 088 099 110 126 137 173 135
ACCESS1-0 219 081 148 168 197 217 237 266 287 352 271
ACCESS]-3 261 119 180 203 236 259 281 314 336 402 283

CCSM4 270 134 191 213 245 268 291 325 349 424 289
CMCC-CM 209 08 134 154 184 206 229 262 287 358 273
CMCC-CMS 203 097 139 157 183 202 220 247 267 330 233
CNRM-CM5 249 117 166 188 222 246 270 3.05 330 4.07 290
GFDL-CM3 274 118 193 216 249 272 295 327 349 404 286

GFDL-ESM2G 262 1.01 173 197 234 260 28 323 350 425 323
GFDL-ESM2M 236 1.07 163 183 213 234 255 286 3.08 376 2.69
HadGEM2-AO 273 162 205 224 252 271 291 320 340 391 229
HadGEM2-CC 236 103 1.63 183 213 234 256 287 3.09 376 272

IPSL-CM5A-MR 255 1.02 1.69 193 228 252 277 313 339 415 313

MIROC5 267 123 190 212 243 265 286 317 338 396 273
MPI-ESM-LR 205 100 139 156 183 202 222 251 272 333 233

MPI-ESM-MR 242 115 169 189 218 240 261 293 316 376 261
MPI-ESM-P 220 1.056 150 1.68 197 217 239 270 292 378 273
MRI-CGCM3 3.01 141 215 239 274 299 324 359 384 456 3.16
MRI-ESM1 3.01 127 210 236 273 298 324 361 386 473 346
NorESM1-M 280 119 192 218 253 278 3.02 337 361 417 298




(d) Analysis of 10-year-long periods in which the NCEP-NCAR R1 is used as a reference dataset.

Reanalysis /

RMSE
min

st

5th

25th

50th

75t

95th

99th

GCM name NH p- p- p- p- p- p- p- max. range
ERA-20C 1.00 039 064 073 088 099 110 126 137 173 1.35
ACCESS1-0 222 094 148 1.69 199 220 241 271 291 349 255
ACCESS1-3 270 115 1.8 2.09 243 267 291 325 349 420 3.05
CCSM4 263 113 184 206 238 260 283 316 339 402 289
CMCC-CM 207 087 134 153 183 204 226 257 280 343 256
CMCC-CMS 197 09 135 152 177 195 213 240 259 3.13 223
CNRM-CM5 255 115 170 194 228 252 276 311 335 413 297
GFDL-CM3 255 1.09 178 200 231 253 274 3.05 326 399 290
GFDL-ESM2G 267 107 179 204 240 265 289 325 351 425 317
GFDL-ESM2M 243 1.16 1.67 188 219 241 263 296 319 392 276
HadGEM2-AO 283 153 213 232 261 281 3.01 331 351 4.07 254
HadGEM2-CC 249 1.17 1.69 192 224 247 269 3.02 325 411 293
IPSL-CM5A-MR 250 1.06 1.67 1.89 223 247 272 3.08 332 412 3.06
MIROC5 266 127 1.8 211 242 264 286 318 339 401 274
MPI-ESM-LR 199 089 138 154 179 197 215 243 262 323 234
MPI-ESM-MR 247 1.03 172 193 224 245 266 297 319 367 264
MPI-ESM-P 220 1.04 149 168 196 217 239 269 291 3.67 263
MRI-CGCM3 295 142 209 233 268 292 317 353 379 453 311
MRI-ESM1 290 127 201 225 262 287 312 350 374 446 3.19
NorESM1-M 272 120 188 212 246 270 294 328 352 413 293




Table S2. Span parameter (span), explained variance (EV, expressed in %) and residual sum of
squares (RSS) of the loess model fitting on the southerly and northerly located potential action
centers, respectively. The models are fitted on Atlantic and Pacific views (abbreviated as Atlantic and
Pacific, respectively). The GCMs are listed in alphabetical order.

a) Parameters of loess models fitted on the southerly located potential action centers.

Reanalysis / Span EV RSS Span EV RSS
GCM name (Atlantic) (Atlantic) (Atlantic)  (Pacific) (Pacific) (Pacific)
ERA-20C 0.31 50 4657 0.38 58 4649
NCEP-NCARR1 0.23 65 2617 0.40 48 6156
ACCESS1-0 0.25 45 4404 0.37 27 10064
ACCESS1-3 0.21 69 2800 0.27 56 6832
CCSM4 0.38 52 4694 0.49 37 8542
CMCC-CM 0.27 67 2599 0.52 34 6392
CMCC-CMS 0.32 58 3178 0.37 61 5843
CNRM-CM5 0.25 71 2314 0.26 54 5169
GFDL-CM3 0.31 48 4782 0.47 26 11250
GFDL-ESM2G 0.26 51 2832 0.39 34 8223
GFDL-ESM2M 0.60 31 4542 0.57 32 12566
HadGEM2-AO 0.53 12 6224 0.94 2 9826
HadGEM2-CC 0.24 47 2407 0.14 68 3906
IPSL-CM5A-MR 0.14 77 849 0.36 53 5777
MIROC5 0.29 57 2806 0.42 41 4969
MPI-ESM-LR 0.53 17 6894 0.50 34 9748
MPI-ESM-MR 0.18 75 1179 0.41 63 3802
MPI-ESM-P 0.35 24 8282 0.39 54 5268
MRI-CGCM3 0.22 64 3877 0.94 9 17902
MRI-ESM1 0.26 55 5434 0.92 6 20178
NorESM1-M 0.38 44 5955 0.40 34 9157
b) Parameters of loess models fitted on the northerly located potential action centers.
Reanalysis / Span EV RSS Span EV RSS
GCM name (Atlantic) (Atlantic) (Atlantic)  (Pacific) (Pacific) (Pacific)
ERA-20C 0.30 55 4751 0.31 58 4525
NCEP-NCAR R1 0.21 72 2332 0.45 49 6389
ACCESS1-0 0.24 47 4024 0.79 18 13033
ACCESS1-3 0.25 64 3189 0.57 33 11181
CCSM4 0.28 58 4519 0.39 41 8713
CMCC-CM 0.29 63 2655 0.74 26 6876
CMCC-CMS 0.42 53 3384 0.39 59 5930
CNRM-CM5 0.26 71 2393 0.70 27 8180
GFDL-CM3 0.36 42 4868 0.48 26 11382
GFDL-ESM2G 0.26 50 2861 0.79 23 10111
GFDL-ESM2M 0.62 37 4630 0.83 23 13643
HadGEM2-AO 0.37 21 5619 0.94 2 9799
HadGEM2-CC 0.30 41 2831 0.79 33 10697
IPSL-CM5A-MR 0.26 58 1569 0.33 51 5916
MIROC5 0.26 58 2551 0.57 34 5513
MPI-ESM-LR 0.43 23 6540 0.49 34 9754
MPI-ESM-MR 0.18 77 1112 0.46 64 3922
MPI-ESM-P 0.33 27 8115 0.52 49 5640
MRI-CGCM3 0.24 59 4177 0.82 10 17301
MRI-ESM1 0.26 53 5473 0.67 8 19308

NorESM1-M 0.40 47 6223 0.47 34 9456




Table S3. Comparison of the GCM loess regression curves against the reanalysis loess regression
curves by calculating root-mean-square error (RMSE; expressed in degrees). The fitted loess models
are the followings: (1) loess model fitted on the southerly located potential action centers (PotACs;
abbreviated as S) on Atlantic view, (2) loess model fitted on the northerly located PotACs
(abbreviated as N) on Atlantic view, (3) loess model fitted on the southerly located PotACs on Pacific
view, (4) loess model fitted on the northerly located PotACs on Pacific view. GCMs are listed in
alphabetical order.

Atlantic view Pacific view
Ref. dataset: Ref. dataset: Ref. dataset: Ref. dataset:
ERA-20C NCEP-NCAR R1 ERA-20C NCEP-NCARR1

) ) ) ) ®) (4) ©) 4)

Reanalysis/  p\iSE,  RMSE, RMSE, RMSE, RMSE, RMSE, RMSE, RMSE,

GCM name S N S N S N S N
ERA-20C 0 0 36 29 0 0 44 31
NCEP-NCARRI 3.6 29 0 0 44 31 0 0
ACCESS1-0 6.5 9.2 8.7 10 6.9 8.9 9.7 9.5
ACCESS1-3 59 8.3 7.4 9.6 59 7.1 7.9 7.8
CCSM4 6.9 45 7.4 32 7.7 48 8.4 33
CMCC-CM 5.7 3 5.4 22 59 42 5.9 3.2
CMCC-CMS 6.3 3.9 6.5 44 6.7 4 7.1 42
CNRM-CM5 5 58 5.7 46 51 45 6.3 26
GFDL-CM3 52 5 6.3 49 5.7 52 7.3 48
GFDL-ESM2G 5 45 59 3.8 59 44 7.2 2.9
GFDL-ESM2M 8.1 49 8.4 53 8.3 51 85 5.1
HadGEM2-AO 55 8.5 6.6 6.8 49 8.3 6.7 6.7
HadGEM2-CC 7 6.5 8.7 7.1 7.1 41 9.2 43
IPSL-CM5A-MR 7.6 41 8.5 56 7.2 41 8.8 5.1
MIROC5 6.7 45 7.7 52 6.7 53 8.1 5.4
MPI-ESM-LR 6.7 46 7.2 3 6.8 44 7.6 29
MPI-ESM-MR 51 36 6.1 31 52 38 6.7 3
MPI-ESM-P 41 3.8 52 3 47 38 6 23
MRI-CGCM3 8.3 8.2 7.9 75 7.9 7 7.9 6.4
MRI-ESM1 6.4 9.1 6.3 8.3 6.2 9.5 6.7 9

NorESM1-M 7.1 7.4 7.5 6.3 7 7 8 5.6
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Figure S1. Global correlation maps obtained from the Z500 field of the NCEP-NCAR R1 for 30-year-
long periods. Strongest negative correlations associated with the grid cells are denoted with
blue-shaded dots. PotACs are denoted with red circles and those are connected with red lines.
Brighter/darker colours indicate weaker/stronger correlations.
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Figure S2. Hemispherical correlation maps of the Z500 fields obtained from the ERA-20C (first
column) and the NCEP-NCAR R1 (second column) in cases of 30-year-long periods. The period of
1951-2005 is covered for which historical GCM outputs are available. Strongest negative correlations
associated with the grid cells are denoted with blue-shaded dots. Potential action centers are
represented with red circles and those are connected with red lines. Brighter/darker colours are
associated with weaker/stronger correlations.
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Figure S3. Average value of the strongest negative correlations in each grid cell obtained from the
7500 in case of each reanalysis/GCM based on (a) the 30-year-long periods and (b) the 10-year-long
periods.



Figure S3 continued.

-0.3-0.35-0.4 -0.45 -0.5 -0.55 -0.6 -0.65 -0.7 -0.75

CMCC-CM

-150°

CNRM-CMS GFDL-CM3 GFDL-ESM2G

-150°

GFDL-ESM2M

-150°

MPI-ESM-LR MPI-ESM-MR MPI-ESM-P

MRI-CGCM3 MRI-ESM1 NorESM1-M

(b)



6 6
> ERA-20C > NCEP-NCAR R1
= 4 = 4
] ]
O 2 O 2
[T [T
o 0
08 -06 -04 02 0 -08 -06 04 -02 0
Correlation Correlation
.. %] Accesst-o .. 5] Accessi-a .. 5] ccsma .. %] emecem
Q Q [&] Q
s s s s
= = z =
O 2 O 2 0 2 O 2
[T | | [T w [T
L0 A AR AR EANI RARE RANRARS ARAY O 0 07
-08 -06 -04 -0.2 0 -08 -06 -04 -02 0 08 -06 -04 -02 0 -08 -06 -04 -02 0
Correlation Correlation Correlation Correlation
.. %] cmeccms . 5] cnrmcms .. %] cFoL-cm3 .. %] cFDL-ESM2G
Q [&] (8] Q
s S 4 g 4 S 4
2 = = =
O 2 O 2 0 2 O 2
[T | [ q w [T
LS A AR AR BAAY EARN REAN RS ARAY 0 0 0
-08 -06 -04 -0.2 0 -08 -06 04 -02 0 08 -06 -04 -02 0 -08 -06 04 -02 0
Correlation Correlation Correlation Correlation
- 6__ GFDL-ESM2M - 6__ HadGEM2-A0Q . 6_ HadGEM2-CC - 6'_ IPSL-CM5A-MR
o o Q o
s s g 4 s
=] =] 3 =]
8 2 8 2 8 2 8 2
[T 4 [T 4 [T 4 [T 1
0 0 0 0
08 -06 -04 -02 0 -08 -06 -04 -02 0 -08 -06 -04 -02 0 -08 -06 -04 -02 0
Correlation Correlation Correlation Correlation
6 6 61 6
> MIROC5 > MPI-ESM-LR > MPI-ESM-MR > MPI-ESM-P
S 4 S 4 S 4 S 4]
3 B 3 B 3 B 3 B
8 2| 8 2| g 2 8 2|
[T 1 [T 1 [T 4 [T
0 0 0 0
-08 -06 -04 -02 0 -08 -06 04 -02 0 08 -06 -04 -02 0 -08 -06 -04 -02 0
Correlation Correlation Correlation Correlation
6 6 61
> MRI-CGCM3 > MRI-ESM1 > NorESM1-M
5 S g 4
=3 1 =3 1 =] 1
8 21 8 21 8 2
[T [T [T
0 0 0
-08 -06 -04 -02 0 -08 -06 -04 -02 0 08 -06 -04 -02 0
Correlation Correlation Correlation

(a)

Figure S4. Distribution of the strongest negative correlations obtained from the Z500 in case of each
reanalysis/GCM based on (a) the 30-year-long periods and (b) the 10-year-long periods. Frequencies
are given in thousands. The median values and the 25th percentiles of the distributions are denoted
by red and blue tick marks, subsequently.
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Figure S5. PotACs obtained from the analysis of correlation maps in case of (a) all 30-year-long
periods, (b) all 10-year-long periods. PotACs are represented with coloured circles which are
connected with lines with the same colour. Brighter colours indicate periods closer to the year 2000.
PotACs are associated with correlation values below the median of the strongest negative

correlations.
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Figure S6. Stability pattern of each reanalysis/GCM. (a) The number of the 30-year-long periods, (b)
the number of the 10-year-long periods with strongest negative correlation below the 25th percentiles
of all correlations are shown in each grid cell.
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Figure S7. Difference map of each reanalysis/GCM relative to the ERA-20C (a, c) and the NCEP-
NCARRT1 (b, d). Difference of number of periods with strongest negative correlation below the 25th
percentile of all correlations relative to the selected reanalysis is given per each grid cell in case of (a,
b) the 30-year-long periods and in case of (c, d) the 10-year-long periods.
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Figure S8. First column: loess regression curves fitted on the southerly and northerly located PotACs (denoted with red and
blue circles, respectively) of each GCM (a) on maps with Atlantic view and (b) on maps with Pacific view. Explained variance
(EV) of loess models in cases of southerly located PotACs (abbreviated as S) and northerly located PotACs (abbreviated with
N) are indicated above the maps. Second column: Comparison of the GCM loess regression curves (denoted with black lines)
against the reanalysis regression curves (the purple curve is for the ERA-20C while the blue curve is for the NCEP-NCAR R1).
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