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 25 
Figure S1.  Number of discrete MHW and MCW events per 31 years (average of 1970-2000, 26 
2020-2050 and 2070-2100).  (a,g) CESM2; (b,h) CanESM5; (c,i) GFDL-SPEAR; (d,j) MIROC6; 27 
(e,k) CESM1; (f,l) CanESM2; (g,o) MPI-ESM-LR. The number in the upper right of each panel 28 
denotes the average value over the global ocean. 29 
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Figure S2.  As in Fig. S1 but for ENSO-neutral events. 33 
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 36 
Figure S3.  Composite MHW and MCW intensity (ºC) during 1950-2020 from the 50-member 37 
CanESM5 Large Ensemble and Observations. (a,g) Ensemble average; (b,h) Observations; (c,i) 38 
Ensemble average minus Observations; (d,j) Ensemble maximum; (e,k) Ensemble minimum; (f,l) 39 
Ensemble maximum minus minimum. Gray shading in (c,i) indicates that observations lie within 40 
the 5th-95th percentile range of the CanESM5 Large Ensemble.   41 
  42 
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Figure S4.  As in Fig. S3 but for the 30-member GFDL-SPEAR Large Ensemble.  45 
  46 



 47 
 48 
Figure S5.  As in Fig. S3 but for the 50-member MIROC6 Large Ensemble.  49 
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Figure S6.  As in Fig. S3 but for the 40-member CESM1 Large Ensemble. 53 
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Figure S7.  As in Fig. S3 but for the 50-member CanESM2 Large Ensemble.  57 
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Figure S8.  As in Fig. S3 but for the 100-member MPI-ESM-LR Large Ensemble.  61 
  62 
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 64 
Figure S9.  Composite MHW and MCW duration (months) during 1950-2020 from the 50-65 
member CanESM5 Large Ensemble and Observations. (a,g) Ensemble average; (b,h) 66 
Observations; (c,i) Ensemble average minus Observations; (d,j) Ensemble maximum; (e,k) 67 
Ensemble minimum; (f,l) Ensemble maximum minus minimum. Gray shading in (c,i) indicates 68 
that observations lie within the 5th-95th percentile range of the CanESM5 Large Ensemble.   69 
  70 
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Figure S10.  As in Fig. S9 but for the 30-member GFDL-SPEAR Large Ensemble. 73 
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Figure S11.  As in Fig. S9 but for the 50-member MIROC6 Large Ensemble.  77 
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Figure S12.  As in Fig. S9 but for the 40-member CESM1 Large Ensemble. 81 
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Figure S13.  As in Fig. S9 but for the 50-member CanESM2 Large Ensemble.  85 
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Figure S14.  As in Fig. S9 but for the 100-member MPI-ESM-LR Large Ensemble.  89 
  90 
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 92 
Figure S15.  Composite MHW and MCW intensity (ºC) from the 50-member CanESM5 Large 93 
Ensemble during (a,f) 1970-2000, (b,g) 2020-2050, (c,h) 2070-2100, and differences (d,i) 2020-94 
2050 minus 1970-2000, and (e,j) 2070-2100 minus 1970-2000.  Note that the color bar range is 95 
twice as large in a-c, f-h compared to d-e, i-j. Gray shading in d-e, i-j indicates that the differences 96 
are not statistically significant according to the False Discovery Rate applied to a 2-sided t-test at 97 
the 95% confidence level.  98 
  99 
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Figure S16.  As in Fig. S15 but for the 30-member GFDL-SPEAR Large Ensemble. 102 
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Figure S17.  As in Fig. S15 but for the 50-member MIROC6 Large Ensemble.  106 
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Figure S18.  As in Fig. S15 but for the 40-member CESM1 Large Ensemble.  110 
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Figure S19.  As in Fig. S15 but for the 50-member CanESM2 Large Ensemble.  114 
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Figure S20.  As in Fig. S15 but for the 100-member MPI-ESM-LR Large Ensemble.  118 
  119 
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 121 
Figure S21.  Composite MHW and MCW duration (months) from the 50-member CanESM5 122 
Large Ensemble during (a,f) 1970-2000, (b,g) 2020-2050, (c,h) 2070-2100, and differences (d,i) 123 
2020-2050 minus 1970-2000, and (e,j) 2070-2100 minus 1970-2000.  Note that the color bar range 124 
is twice as large in a-c, f-h compared to d-e, i-j. Gray shading in d-e, i-j indicates that the 125 
differences are not statistically significant according to the False Discovery Rate applied to a 2-126 
sided t-test at the 95% confidence level.  127 
  128 
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Figure S22.  As in Fig. S21 but for the 30-member GFDL-SPEAR Large Ensemble. 131 
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Figure S23.  As in Fig. S21 but for the 50-member MIROC6 Large Ensemble.  135 
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Figure S24.  As in Fig. S21 but for the 40-member CESM1 Large Ensemble.  139 
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Figure S25.  As in Fig. S21 but for the 50-member CanESM2 Large Ensemble.  143 
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Figure S26.  As in Fig. S21 but for the 100-member MPI-ESM-LR Large Ensemble.  147 
  148 
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Figure S27.  Composite MHW and MCW intensity (ºC) differences between 2020-2050 and 1970-151 
2000 for the ensemble-mean of each model Large Ensemble: (a,h) CESM2; (b,i) CanESM5; (c,j) 152 
GFDL-SPEAR; (d,k) MIROC6; (e,l) CESM1; (f,m) CanESM2; (g,n) MPI-ESM-LR. Gray shading 153 
indicates that the differences are not statistically significant according to the False Discovery Rate 154 
applied to a 2-sided t-test at the 95% confidence level. The number in the upper right of each panel 155 
denotes the fractional area (%) of significant differences (e.g., non-gray areas). Shading in panels 156 
(h,p) show locations where at least two-thirds of the models show statistically significant values 157 
(pink for positive and blue for negative); the number in the upper right denotes the fractional area 158 
(%) of the pink and blue shading.   159 
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 162 
Figure S28.  As in Fig. S27 but for composite MHW and MCW duration (months).   163 
  164 
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 166 
Figure S29.  Composite ENSO-neutral MHW and MCW intensity (ºC) from the 50-member 167 
CanESM5 Large Ensemble during (a,f) 1970-2000, (b,g) 2020-2050, (c,h) 2070-2100, and 168 
differences (d,i) 2020-2050 minus 1970-2000, and (e,j) 2070-2100 minus 1970-2000.  Note that 169 
the color bar range is twice as large in a-c, f-h compared to d-e, i-j. Gray shading in d-e, i-j indicates 170 
that the differences are not statistically significant according to the False Discovery Rate applied 171 
to a 2-sided t-test at the 95% confidence level.  172 
  173 
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Figure S30.  As in Fig. S29 but for the 30-member GFDL-SPEAR Large Ensemble. 176 
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Figure S31.  As in Fig. S29 but for the 50-member MIROC6 Large Ensemble. 180 
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Figure S32.  As in Fig. S29 but for the 40-member CESM1 Large Ensemble. 184 
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Figure S33.  As in Fig. S29 but for the 50-member CanESM2 Large Ensemble. 188 
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Figure S34.  As in Fig. S29 but for the 100-member MPI-ESM-LR Large Ensemble. 192 
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 195 
Figure S35.  Composite ENSO-neutral MHW and MCW duration (months) from the 50-member 196 
CanESM5 Large Ensemble during (a,f) 1970-2000, (b,g) 2020-2050, (c,h) 2070-2100, and 197 
differences (d,i) 2020-2050 minus 1970-2000, and (e,j) 2070-2100 minus 1970-2000.  Note that 198 
the color bar range is twice as large in a-c, f-h compared to d-e, i-j. Gray shading in d-e, i-j indicates 199 
that the differences are not statistically significant according to the False Discovery Rate applied 200 
to a 2-sided t-test at the 95% confidence level.  201 
  202 
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Figure S36.  As in Fig. S35 but for the 30-member GFDL-SPEAR Large Ensemble. 205 
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Figure S37.  As in Fig. S35 but for the 50-member MIROC6 Large Ensemble. 209 
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Figure S38.  As in Fig. S35 but for the 40-member CESM1 Large Ensemble. 213 
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Figure S39.  As in Fig. S35 but for the 50-member CanESM2 Large Ensemble. 217 
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Figure S40.  As in Fig. S35 but for the 100-member MPI-ESM-LR Large Ensemble. 221 
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 224 
Figure S41.  Composite ENSO-neutral MHW and MCW intensity (ºC) differences between 225 
2020-2050 and 1970-2000 for the ensemble-mean of each model Large Ensemble: (a,h) CESM2; 226 
(b,i) CanESM5; (c,j) GFDL-SPEAR; (d,k) MIROC6; (e,l) CESM1; (f,m) CanESM2; (g,n) MPI-227 
ESM-LR. Gray shading indicates that the differences are not statistically significant according to 228 
the False Discovery Rate applied to a 2-sided t-test at the 95% confidence level. The number in 229 
the upper right of each panel denotes the fractional area (%) of significant differences (e.g., non-230 
gray areas). Shading in panels (h,p) show locations where at least two-thirds of the models show 231 
statistically significant values (pink for positive and blue for negative); the number in the upper 232 
right denotes the fractional area (%) of the pink and blue shading.   233 
  234 
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Figure S42.  As in Fig. S41 but for duration (months). 237 
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 240 
Figure S43.  Ratio of mid-century changes (2020-2050 minus 1970-2000) in MHW and MCW 241 
composite intensity due to changes in variability divided by that due to changes in variability-plus-242 
mean state for: (a,h) CESM2; (b,i) CanESM5; (c,j) GFDL-SPEAR; (d,k) MIROC6; (e,l) CESM1; 243 
(f,m) CanESM2; (g,n) MPI-ESM-LR. Panels h,p show the multi-model ensemble (MME) average. 244 
The number in the upper right of each panel denotes the fractional area (%) of values within the 245 
range -0.1 to +0.1. 246 
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