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Supplementary Table 
 
Table S 1 Most extreme MHW. Regions are shown in Figure 5a. Metrics shown are 1) the maximum areal intensity over the 
course of the MHW (spatial integral of SSTA over area with largest contiguous MHW with severity>2 that intersects the 
region) [units oC Mkm2], 2) as 1) for severity >1, 3) Maximum contiguous area with severity>2 that intersects the region 
[units Mkm2], 4) as 3) for severity>1, 5) Interquartile duration of maximum cumulative intensity MHW for grid cells within 
the region, 6) associated median duration, 7) dates of the core MHW when intensity and area of contiguous MHW and a 
large fraction of the region is experiencing a MHW (severity>2, these dates are manually selected based on procedure 
described in the Methods section). For metrics 1)-4) the date of the maximum is also shown. Underlined (double-underlined) 
text denotes the most extreme five (ten) MHWs associated with metrics 1)-4) and 6). Numbers in second last column 
indicate references to papers detailing physical processes or biological impacts (underlined) associated with given MHWs. 
H/L/HL (last column) indicates MHWs, whose build up is associated with a strong anomalous high/low/high-low dipole 
pressure systems. 

 
 



Region Max. 

Intensity 

S>2 
oC Mkm2 

Max. 

Intensity 

S>1 
oC Mkm2 

Max. Area 

S>2 

Mkm2 

Max. 

Area 

S>1 

Mkm2 

Duration 

IQR 

Duration 

median 

days 

Core Date 

Range 

Refs  

62 

38: 

 25/11/97 

60: 

6/11/97 

11.7: 

7/11/97 

26: 

6/11/97 245-317 283 

22/6/97 

-14/3/98 (1, 2),(3) 

 

34 

31.1: 

 22/12/82 

51.9: 

24/12/82 

10.3: 

22/12/82 

24.2: 

8/2/83 75-96 85 

13/12/82 

-2/3/83  

 

41 

29: 

 18/11/15 

85.3: 

2/11/15 

10.3: 

24/11/15 

46.7: 

2/11/15 109-231 175 

17/10/15 

-10/2/16  

 

37 

27.9:  

12/10/15 

85.3: 

2/11/15 

11.2: 

12/10/15 

46.7: 

2/11/15 106-163 139 

28/6/15 

-8/11/15 (4) 

 

13 

14:  

24/12/09 

21.2:  

5/12/09 

4: 

9/12/09 

8.7: 

11/12/09 76-94 84 

6/11/09 

-13/1/10 (5) 

H 

38 

10.5:  

6/2/15 

47.4: 

16/4/15 

5: 

6/2/15 

31.1: 

15/4/15 149-243 198 

22/11/14 

-21/4/15 (4) 

 

25 

10.4:  

10/2/14 

17.6: 

10/2/14 

3.6: 

10/2/14 

7.8: 

9/2/14 74-98 88 

11/1/14 

-5/4/14 (6) 

 

14 

10:  

21/1/11 

21.6: 

22/1/11 

2.8: 

21/1/11 

8.6: 

24/1/11 50-71 62 

12/12/10 

-27/2/11  

H 

46 

10: 

3/4/16 

86.4: 

17/3/16 

5: 

3/4/16 

60: 

18/3/16 69-109 86 

14/3/16 

-24/5/16  

 

39 

9.5:  

14/9/15 

38.4: 

17/10/15 

4.4: 

14/9/15 

27.9: 

17/10/15 75-146 90 

18/8/15 

-22/11/15  

 

33 

8.4: 

 5/5/10 

33.3: 

19/3/10 

4: 

5/5/10 

24.4: 

7/4/10 99-139 121 

19/2/10 

-15/5/10  

 

31 

8.2: 

 9/9/16 

20.7: 

9/9/16 

2.7: 

9/9/16 

8.2: 

9/9/16 147-273 195 

22/8/16 

-18/9/16  

H 

21 

8.2: 

 5/1/06 

18.8: 

4/1/06 

3.2: 

5/1/06 

9.7: 

4/1/06 85-103 97 

22/12/05 

-11/1/06  

 

17 

7.8: 

 8/1/14 

18.4: 

16/1/14 

2.7: 

8/1/14 

10.5: 

14/1/14 141-205 186 

12/11/13 

-21/2/14 (4, 7, 8), (9) 

H 

24 

7.8: 

 24/12/09 

12.9: 

23/12/09 

3.2: 

24/12/09 

7.5: 

10/1/10 112-158 142 

11/12/09 

-26/1/10  

 

5 

7.6: 

 14/2/97 

16.3: 

13/2/97 

2.6: 

14/2/97 

7: 

13/2/97 43-97 56 

27/1/97 

-9/3/97  

H 

3 

6.7: 

 30/5/97 

22.7: 

30/5/97 

1.8: 

30/5/97 

11.8: 

30/5/97 87.25-111 96 

5/5/97 

-12/6/97  

 

55 

6.5: 

 29/7/16 

20.7: 

9/9/16 

1.6: 

29/7/16 

8.2: 

9/9/16 35-59 54 

9/7/16 

-9/9/16  

 

48 

6.2: 

 19/1/15 

11.6: 

19/1/15 

2.3: 

19/1/15 

5.6: 

19/1/15 75-122 92 

10/1/15 

-6/3/15  

H 

42 

6: 

7/4/16 

92.9: 

6/3/16 

3.4: 

7/4/16 

62.3: 

6/3/16 69-89 75 

28/2/16 

-24/6/16  

 

1 

5.9: 

1/3/83 

13.7: 

20/2/83 

2.1: 

2/3/83 

7.1: 

20/2/83 51-99 68 

16/1/83 

-18/5/83  

H 

36 

5.9: 

 21/9/14 

48: 

21/9/14 

3.2: 

21/9/14 

31.3: 

19/9/14 82-111 100 

5/8/14 

-4/11/14 (4) 

 

18 5.8: 12.9: 2.2: 6.2: 81-121 99 22/1/08   



3/2/08 5/2/08 3/3/08 5/2/08 -8/3/08 

6 

5.7: 

29/4/98 

15.4: 

28/4/98 

2.6: 

29/4/98 

9: 

28/4/98 75-139 113 

8/4/98 

-14/5/98  

H 

54 

5.6: 

25/4/15 

67.9: 

16/7/15 

3.1: 

25/4/15 

40.8: 

15/7/15 143-227 177 

11/4/15 

-25/7/15  

 

61 

5.5: 

31/12/99 

8.4: 

31/12/99 

1.8: 

31/12/99 

4.2: 

16/1/00 54-76 63 

14/12/99 

-2/2/00  

H 

15 

5.1: 

26/6/16 

17.2: 

8/7/16 

2.4: 

26/6/16 

12.2: 

8/7/16 55-84 60 

2/6/16 

-18/8/16  

 

2 

4.8: 

18/1/02 

18.6: 

30/12/01 

1.6: 

18/1/02 

9.2: 

30/12/01 71.5-95 82 

6/12/01 

-23/1/02  

H 

53 4.5: 5/1/16 

15.3: 

2/1/16 2.2: 5/1/16 

8.9: 

4/1/16 117-170 141 

22/12/15 

-8/6/16  

 

27 

4.3: 

31/3/16 

86.4: 

17/3/16 

1.6: 

31/3/16 

60: 

18/3/16 97-164 135 

7/9/15 

-12/7/16 (10) 

 

28 

4.3: 

31/3/16 

75.5: 

3/4/16 

1.6: 

31/3/16 

50.5: 

31/3/16 118-141 127 

18/3/16 

-20/5/16  

H 

51 

4: 

10/9/15 

15.2: 

11/9/15 

2.1: 

10/9/15 

10.2: 

20/9/15 71-194 94.5 

23/8/15 

-8/10/15  

 

22 

3.8: 

24/1/13 

9.8: 

25/1/13 

1.7: 

24/1/13 

8.1: 

26/3/13 79-116 104 

10/12/12 

-4/4/13  

H 

20 

3.8: 

7/12/08 

7: 

16/12/08 

1.5: 

7/12/08 

5.1: 

16/12/08 30-35 31 

30/11/08 

-15/12/08  

 

58 

3.6: 

6/1/15 

19.3: 

27/12/14 

1.5: 

6/1/15 

10.5: 

2/1/15 110-162 153 

23/8/14 

-8/1/15  

 

16 

3.6: 

2/3/11 

14: 

29/3/11 

0.9: 

2/3/11 

8.2: 

29/3/11 62-108 85 

4/2/11 

-27/3/11 

(11–13), (14–

16) 

L 

7 

3.5: 

21/9/98 

20.4: 

26/7/98 

1.6: 

21/9/98 

14.8: 

26/7/98 43-71 51 

2/7/98 

-17/10/98  

 

59 

3.5: 

1/12/10 

12.9: 

8/2/11 

1.3: 

1/12/10 

6.1: 

8/2/11 88-140 111 

26/11/10 

-16/2/11  

H 

44 

3.4: 

5/1/16 

9.5: 

26/1/16 

1.1: 

5/1/16 

4.8: 

23/1/16 49-75 55 

28/11/15 

-14/2/16  

 

40 

3.2: 

10/2/11 

6.5: 

12/2/11 

1.2: 

11/2/11 

3.1: 

26/2/11 74-108 97 

29/1/11 

-8/3/11  

H 

23 

3: 

23/8/84 

5.2: 

23/8/84 

1.6: 

28/9/84 

3: 

26/9/84 55-81 70 

9/8/84 

-12/10/84  

 

8 

3: 

20/1/98 

5.9: 

17/1/98 

1.3: 

20/1/98 

3.2: 

18/1/98 88-100 95 

11/1/98 

-1/2/98  

 

50 

2.8: 

19/7/12 

7.2: 

14/7/12 

0.8: 

19/7/12 

2.8: 

14/7/12 48-88 79 

17/6/12 

-22/7/12 (17), (18) 

H 

35 

2.5: 

17/2/05 

8.5: 

23/3/05 

1.5: 

16/2/05 

6.9: 

22/3/05 58-74 68 

20/1/05 

-27/3/05  

 

52 

2.4: 

17/4/17 

51.8: 

18/4/17 

1.2: 

17/4/17 

39.3: 

18/4/17 67-100 84 

1/3/17 

-1/5/17  

H 

26 

2.4: 

25/11/07 

7.6: 

23/11/07 

1.1: 

25/11/07 

4.3: 

22/11/07 75-111 91 

24/10/07 

-11/12/07  

H 

12 

2.2: 

12/12/85 

5.1: 

21/12/85 

1: 

12/12/85 

2.9: 

21/12/85 42-51 45 

21/11/85 

-28/12/85  

H 



 

 
Table S 2 Percentage of the ocean experienced its maximum recorded intensity in the season shown, for the global ocean, 
the northern hemisphere (north of 5oN) and the southern hemisphere (south of 5oS) during DJF and JJA. Percentages are 
provided for raw and detrended SSTA. Detrending uses a daily varying climatology of linear trends i.e. the seasonality in the 
SSTA trends is removed. 

  Raw Detrended 

Global DJF 38.6 38.0 

JJA 22.3 22.4 

Northern 
Hemisphere 

DJF 9.0 9.3 

JJA 45.0 42.9 

Southern 
Hemisphere 

DJF 62.0 60.4 

JJA 6.8 7.8 

  

56 

2.2: 

22/7/89 

7.8: 

22/7/89 

0.7: 

22/7/89 

3.8: 

22/7/89 54-71 58 

14/7/89 

-11/8/89  

H 

47 

2.2: 

11/3/13 

6.7: 

12/3/13 

0.8: 

11/3/13 

3.7: 

13/3/13 68-123 82 

1/3/13 

-15/3/13  

H 

43 

2.1: 

18/4/16 

92.9: 

6/3/16 

1: 

18/4/16 

62.3: 

6/3/16 151-202 175 

23/1/16 

-24/7/16  

L 

11 

2: 

13/5/98 

13.3: 

14/5/98 

0.6: 

11/5/98 

5.6: 

12/5/98 51-68 61 

10/4/98 

-11/6/98  

 

32 

1.8: 

10/9/10 

6.8: 

2/9/10 

0.6: 

10/9/10 

3.2: 

26/9/10 113-159 129 

20/8/10 

-29/10/10  

 

9 

1.8: 

24/8/03 

4.2: 

24/8/03 

0.6: 

24/8/03 

1.7: 

25/8/03 58-89 83 

29/7/03 

-3/9/03 (19–21), (22) 

 

45 

1.7: 

22/6/83 

2.6: 

22/6/83 

0.8: 

21/6/83 

1.4: 

20/6/83 32-41 37 

10/6/83 

-30/6/83  

 

4 

1.6: 

20/11/98 

6.6: 

20/11/98 

0.7: 

18/12/98 

3.8: 

20/11/98 79-93 88 

22/10/98 

-1/1/99  

 

49 

1.2: 

16/8/15 

4.3: 

25/7/15 

0.5: 

16/8/15 

2: 

11/8/15 67-101 77 

17/7/15 

-21/8/15  

 

29 

1.2: 

22/3/12 

3.1: 

24/3/12 

0.3: 

22/3/12 

1.2: 

24/3/12 97-133 111.5 

11/3/12 

-31/3/12 (17), (18) 

 

19 

1: 

21/1/17 

7.1: 

5/1/17 

0.5: 

8/12/16 

5.5: 

5/1/17 87-155 116.5 

28/9/16 

-29/1/17  

 

60 

1: 

26/1/90 

2.9: 

5/2/90 

0.4: 

26/1/90 

1.7: 

6/2/90 66-79 71 

4/1/90- 

7/2/90  

H

L 

10 

0.9: 

22/4/08 

1.4: 

21/4/08 

0.3: 

22/4/08 

0.5: 

21/4/08 61-109 74.5 

4/3/08- 

17/5/08  

 

57 

0.7: 

24/2/16 

4.2: 

24/2/16 

0.3: 

24/2/16 

2.4: 

11/1/16 77-106 92 

20/12/15 

-14/3/16  

 

30 

0.6: 

28/1/16 

38.9: 

3/1/16 

0.4: 

28/1/16 

27.6: 

16/1/16 74-97 78 

28/11/15 

-5/2/16  

 



Supplementary figures 

 
 
Figure S 1 Proportion of ocean experiencing its most intense MHW by month for the northern hemisphere (black solid) and 
southern hemisphere (black dashed). Red lines are corresponding proportions with the influence of El Nino removed (i.e. 
areas that experiences their most intense MHW when nino34 exceeded 1 standard deviation were excluded). Associated 
proportions for severity shown in blue.  
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Figure S 2 Seasonal characteristics of MHWs. a) distribution (by area) of day in year when the maximum recorded SSTA 
(shaded) and climatological maximum SST (lines) occurred for NH (black) and SH (red); b) distribution (by area) of month of 
minimum climatological mixed layer depth for NH (black) and SH (red; mixed layer depth climatology from (23); c) 
distribution (by area) of month of maximum linear SSTA trend (1982-2016)  
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Figure S3 Year of most intense MHW (i.e. maximum SSTA during a MHW).  
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Figure S 4 Relationship between Nino34 index and area of ocean experiencing its most severe MHW. Superimposed smooth 
(LOWESS) fit to the data 
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Figure S 5 Mean MHW duration as a function of background temperature increase for 6 widely separated locations (180oE, 
30oS; 180oE, 10oN; 180oE, 50oN; 330oE, 30oS; 330oE, 10oN; 330oE, 50oN). At each site a 5-year high-pass filter is applied to 
the SSTA to remove low frequency variability and trend. The mean duration of MHWs are then calculated. This is repeated 
after incrementally increasing SSTA (while keeping the MHW threshold temperature constant) 
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Figure S 6 Cumulative Intensity Characteristics. a) Maximum experienced cumulative intensity and the associated zonal 
average (b). c) central date of maximum cumulative intensity MHW. 

 
 
 
 
 

 



 

 

 

 

 
Figure S7 Maximum duration vs maximum cumulative intensity for all grid cells (best fit quadratic superimposed – dashed 
line)  
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Figure S8 Largest recorded MHWs case studies. Largest contiguous regions of MHW conditions (black contours) and strong 
or greater MHW conditions (i.e. severity index>2; red contours)overlaying SST anomalies for four case study periods: a) 
largest contiguous MHW, b) largest contiguous non-El Nino MHW, c) largest contiguous MHW during La Nina and d) largest 
contiguous non-El Nino MHW in Atlantic 

 
 
 

c)  Largest region of contiguous MHW conditions, during La Nina (24-9-2010)
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 d) Largest region of contiguous MHW conditions in Atlantic, not during El Nino (6-4-2010)
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Figure S9 Largest recorded MHWs. a) Area of largest single contiguous MHW (black lines) each day. Red lines indicate 
contiguous MHW that do not intersect the equatorial central or eastern Pacific (i.e. >170oE within 5o of equator); b) as (a) 
for MHW with severity>2 (i.e. strong or greater category) 
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Figure S10 Synoptic conditions during a subset of extratropical extreme MHWs. Sea level pressure anomalies (black 
contours; interval 200hPa, positive: continuous, negative: dashed, zero: thick continuous) and wind anomalies (colours) 
averaged over the 60 days prior to the selected, most severe, regional MHW. Thin (thick) red lines indicate the edge of the 
MHW (MHW with severity>2) on the date shown. As the events selected typically have durations of 2-3 months, a 60-day 
window will generally correspond to the period just prior to and during the build-up of the MHW. a) December 1999, b) 
December 198, c) December 2010, d) November 2007, e) January 2014, f) January 1990, g) March 2011 and h) April 2016 
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Figure S 11 Normalised anomalies of downward longwave radiation averaged over the 62 identified extreme MHW regions, 
a) before (average of 6 to 3 weeks prior to event peak, top panels) and b) after (average of 3 to 6 weeks after event peak, 
lower panels) the peak of the event. Coloured lines indicate the latitudinal extent of the MHW. Numbers indicate the 
regions shown in Figure 5. Large, black circles indicate anomalies are within the top decile of anomalies for the same 4-
week period across all years; large, red circles indicate the most extreme of all the anomalies for the same 4-week period 
across all years. Percentages above each panel indicate the percentage of regions for which anomalies are >0. C). 
Timeseries of globally averaged downward longwave radiation (with a 4-week smoothing window) with linear trend 
superimposed (blue line); nino34 timeseries superimposed for reference (red line). Black vertical lines indicate timing of 
extreme MHWs. 
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Figure S12 Selection criteria for MHW start and end dates for region 62. Daily time series of a) proportion of region, b) 
largest contiguous area overlapping region , c) highest intensity contiguous area overlapping region, experiencing MHW 
(blue) and MHW severity>2 (red). d) Daily time series of number of grid cells experiencing their most severe MHW. Vertical 
lines are manually identified period of core MHW, when all metrics are high.   
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