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Table S1. Summary of the study periods, number of deaths, and annual average number of
heatwaves in 400 communities in 18 countries/regions. HW1: 90th percentile with >2
duration days; HW2: 90th percentile with >3 duration days; HW3: 90th percentile with >4
duration days; HW4: 92.5th percentile with >2 duration days; HWS5: 92.5th percentile with
>3 duration days; HW6: 92.5th percentile with >4 duration days; HW7: 95th percentile
with >2 duration days; HWS: 95th percentile with >3 duration days; HW9: 95th percentile
with >4 duration days; HW10: 97.5th percentile with >2 duration days; HW11: 97.5th
percentile with >3 duration days; HW12: 97.5th percentile with >4 duration days.

Table S2. Second-stage random-effects meta-analysis and meta-regression models for
explaining variation in overall heatwave effects and added heatwave effects: Cochran Q
test for heterogeneity, 12 statistics for residual heterogeneity. Please refer table 1 for
heatwave definitions.

Figure S1. Locations of communities stratified by cold, moderate cold, moderate hot and
hot areas, by the quantiles (<25th, 25th—50th, 50th —75th, and >75th) of their mean
temperatures of hot season (each community has one value of annual mean temperature).



Figure S2. Lag effects of heatwaves on mortality along lag 0—10 days in 18
countries/regions for 4 types of heatwave definitions. 90P_3day: 90th percentile with >3
days duration; 92.5P_3day: 92.5th percentile with >3 days duration; 95P_3day: 95th
percentile with >3 days duration; 97.5P_3day: 97.5th percentile with >3 days duration.

Figure S3. Lag effects of heatwaves on mortality along lag 0—10 days in 18
countries/regions for 4 types of heatwave definitions. 90P_4day: 90th percentile with >4
days duration; 92.5P 4day: 92.5th percentile with >4 days duration; 95P 4day: 95th
percentile with >4 days duration; 97.5P_4day: 97.5th percentile with >4 days duration.

Figure S4. Comparison for cumulative effects of heatwaves on mortality over lag 0—10
days in 16 countries/regions for 12 types of heatwave definitions using daily mean and
minimum temperatures. Please refer table 1 for heatwave definitions. a, B, and 2 are
intercept, coefficient, and r-squared respectively derived from linear regression model for
effect estimates modelled by heatwaves defined by daily mean and minimum
temperatures. P-value for difference is modelled by the Paired t-test between effect
estimates modelled by heatwaves defined by daily mean and minimum temperatures.

Figure S5. Cumulative effects of heatwaves (A. definition by maximum temperature and
B. definition by minimum temperature) on mortality over lag 0—10 days in 18
countries/regions for 12 types of heatwave definitions. Please refer table 1 for heatwave
definitions.

Figure S6. Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic
areas (cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave
definitions when excluding USA. Cold areas: mean temperature of hot season <20.7 °C;
moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas:
mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot
season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S7. Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas
(cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave definitions
when excluding USA. Cold areas: mean temperature of hot season <20.7 ° C; moderate
cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas: mean
temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot season
>27.6 °C. Please refer table 1 for heatwave definitions.

Figure S8. Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic
areas (cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave
definitions when excluding Italy. Cold areas: mean temperature of hot season <20.7 °C;
moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas:
mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot
season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S9. Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas
(cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave definitions
when excluding Italy. Cold areas: mean temperature of hot season <20.7 © C; moderate
cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas: mean
temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot season
>27.6 °C. Please refer table 1 for heatwave definitions.



Figure S10. Cumulative effects of heatwaves on mortality over lag 0—10 days in 4
climatic areas (cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave
definitions when excluding Moldova. Cold areas: mean temperature of hot season <20.7
°C; moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot
areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of
hot season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S11. Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas
(cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave definitions
when excluding Moldova. Cold areas: mean temperature of hot season <20.7 ° C;
moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas:
mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot
season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S12. Cumulative effects of heatwaves on mortality over lag 0—10 days in 4
climatic areas (cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave
definitions when excluding Vietnam. Cold areas: mean temperature of hot season <20.7
°C; moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot
areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of
hot season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S13. Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas
(cold, moderate cold, moderate hot, and hot areas) for 12 types of heatwave definitions
when excluding Vietnam. Cold areas: mean temperature of hot season <20.7 ° C;
moderate cold areas: mean temperature of hot season 20.7-24.1 °C; moderate hot areas:
mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of hot
season >27.6 °C. Please refer table 1 for heatwave definitions.

Figure S14. Cumulative effects of heatwaves on mortality over lag 0—10 days after
controlling for temperature variability (standard deviation of 10 days’ daily mean
temperatures) in 18 countries/regions for 12 types of heatwave definitions. Please refer
table 1 for heatwave definitions.



Table S1: Summary of the study periods, number of deaths, and annual average number of heatwaves in 400 communities in 18
countries/regions. HW1: 90" percentile with >2 duration days; HW2: 90™ percentile with >3 duration days; HW3: 90™ percentile with >4
duration days; HW4: 92.5™m percentile with >2 duration days; HWS5: 925" percentile with >3 duration days; HW6: 925" percentile with >4
duration days; HW7: 95h percentile with >2 duration days; HWS: 95t percentile with >3 duration days; HWO: 95h percentile with >4 duration
days; HW10: 97.5™ percentile with >2 duration days; HW11: 97.5™ percentile with >3 duration days; HW12: 97.5™ percentile with >4 duration

days.
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MELBOURNE, AUSTRALIA 2009 140400 23 15 9 16 9 6 10 5 2 6 2 1
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SYDNEY, AUSTRALIA 2009 161899 25 20 15 16 11 7 10 6 3 4 2 1
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BRISBANE, AUSTRALIA 2009 59685 29 23 19 21 16 13 14 10 8 5 3 2
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PORTO ALEGRE, BRAZIL 2011 66822 27 21 17 19 14 11 13 9 7 6 3 2
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CURITIBA, BRAZIL 2011 47278 24 17 14 17 11 9 9 6 4 4 3 2
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SAP PAULO, BRAZIL 2011 288006 23 17 15 16 11 8 10 8 6 5 3 2
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VITORIA, BRAZIL 2011 17165 27 23 20 20 16 15 14 11 10 6 4 3
1997-

BELO HORIZONTE, BRAZIL 2011 155502 19 16 14 14 12 8 8 7 4 4 3 2
1997-

GOIANIA, BRAZIL 2011 44611 23 20 17 18 15 13 13 10 8 6 4 3
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BRASILIA, BRAZIL 2011 37087 24 21 19 19 16 13 13 11 8 6 4 3
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CUIABA, BRAZIL 2011 16659 19 13 8 14 9 6 9 6 4 4 2 1
1997-

SALVADOR, BRAZIL 2011 73998 28 22 17 21 17 14 13 11 9 7 5 4
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MACEIO, BRAZIL 2011 30648 18 13 11 13 9 7 9 6 5 4 2 1
1997-

RECIFE, BRAZIL 2011 85922 26 19 16 18 14 12 12 10 9 6 5

JOAO PESSOA, BRAZIL 1997- 23282 24 20 17 17 15 12 12 10 8 6 5
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NIAGARA, CANADA
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2010

1990-
2010 12588
1990-
2010 35549
1990-
2010 12709
1990-
2010 23194
1990-
2010 13142
1990-
2010 52635
1990-
2010 11011
1990-
2010 21505
1990-
2010 23245
1990-
2010 15634
1990-
2010 11335
1990-
2010 10495
1990-
2010 6933
1990-
2010 11104
1990-
2010 63467
1990-
2010 25347
1990-
2010 9639
1990-
2010 12557
1990-
2010 5159
1990-
2010 3844
1990- 171996

31

32

32

35

33

35

35

35

34

33

34

35

35

34

33

34

35

34

36

35
36

26

26

26

32

28

31

32

32

30

29

32

30

33

32

30

29

32

31

32

31
33

22

20

21

29

25

27

27

29

27

26

25

27

29

28

28

25

29

28

29

27
29

23

21

23

26

24

25

27

26

24

23

25

25

26

27

25

22

27

24

25

26
26

19

16

18

22

19

22

24

23

20

19

22

21

23

23

21

18

24

21

23

22
22

16

12

13

19

19

21

17

17

18

20

18

18

15

21

20

18
20

15

13

14

17

16

17

17

14

15

16

17

14

15

18

15

16

16
17

12

10

14

12

14

14

14

11

12

13

13

14

13

11

12

15

12

14

12
14




GUADALAJARA, SPAIN

AVILA, SPAIN
SALAMANCA, SPAIN
SEGOVIA, SPAIN
TARRAGONA, SPAIN
BARCELONA, SPAIN
ZAMORA, SPAIN
LLEIDA, SPAIN
VALLADOLID, SPAIN
ZARAGOZA, SPAIN
SORIA, SPAIN
GIRONA, SPAIN
HUESCA, SPAIN
BURGOS, SPAIN
OURENSE, SPAIN
PONTEVEDRA, SPAIN
LOGRONO, SPAIN
LEON, SPAIN
PAMPLONA, SPAIN

VITORIA, SPAIN
LUGO, SPAIN

2010

1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010

1990-

6275

6736

13985

5424

8439

110440

6435

11309

20582

43127

4055

9619

4824

13026

11763

9707

10081

13663

17661

11721
10413

29

34

34

34

36

34

33

35

34

33

34

34

32

33

33

31

33

33

32

31
30

27

31

31

30

32

32

30

32

31

30

32

30

27

30

29

27

29

30

27

25
25

23

27

27

25

30

30

25

29

26

26

28

28

24

26

25

21

24

24

21

19
19

21

26

25

25

25

26

25

25

25

25

25

24

24

25

23

22

24

25

25

23
22

18

21

21

21

22

23

22

21

21

21

22

21

19

22

20

18

20

22

20

18
17

16

18

17

20

22

17

17

17

18

20

19

16

18

16

13

16

14

16

16

16

15

16

16

16

15

16

16

15

15

16

16

15

15
13

12

12

12

12

12

16

13

13

12

12

13

14

12

11

12

12

11

11

10

10




BILBAO, SPAIN

SAN SEBASTIAN, SPAIN

OVIEDO, SPAIN

A CORUNA, SPAIN

SANTANDER, SPAIN

KAOHSIUNG, TAIWAN

TAIPEI, TAIWAN

TAICHUNG, TAIWAN

NARATHIWAT, THAILAND

YALA, THAILAND

PATTANI, THAILAND

SONGKHLA, THAILAND

TRANG, THAILAND

KRABI, THAILAND

NAKHON SI THAMMARAT, THAILAND
SURAT THANI, THAILAND
CHUMPHON, THAILAND
PRACHUAP KHIRI KHAN, THAILAND
CHANTHABURI, THAILAND

RAYONG, THAILAND
PHETCHABURI, THAILAND

2010

1990-
2010
1990-
2010
1990-
2010
1990-
2010
1990-
2010
1994-
2007
1994-
2007
1994-
2007
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008

1999-

24210

20326

21508

18713

17796

60822

112364

45116

5068

3575

4006

11280

4495

2462

13085

7687

4209

4906

7443

6189
4743

27

27

29

28

31

36

34

34

26

11

25

22

27

20

11

25

31

26

25

34
31

22

21

23

22

25

32

29

29

21

20

24

17

21

29

21

20

33
26

16

16

19

17

22

30

27

26

18

18

14

21

15

20

27

16

16

32
23

21

19

21

21

20

24

26

24

23

20

21

24

17

18

26
23

15

14

16

17

16

21

22

20

18

16

13

17

12

17

21

14

13

24
20

11

10

12

19

18

16

14

10

14

11

15

18

11

12

12

13

13

16

16

14

13

10

12

16

14

11

17
16

10

15

14

12

10

10

12

10

14

11

15

11




CHON BURI, THAILAND
SAMUTPRAKAN, THAILAND
RATCHABURI, THAILAND
SAMUT SAKHON, THAILAND
CHACHOENGSAO, THAILAND
BANGKOK, THAILAND

SA KAEO, THAILAND
NONTHABURI, THAILAND
NAKHON PATHOM, THAILAND
KANCHANABURI, THAILAND
PATHUM THANI, THAILAND
PRACHIN BURI, THAILAND
AYUTTHAYA, THAILAND
SUPHANBURI, THAILAND
SARABURI, THAILAND

LOP BURI, THAILAND

SURIN, THAILAND

NAKHON RATCHASIMA, THAILAND
BURI RAM, THAILAND

SI SA KET, THAILAND
UBON RATCHATHANI, THAILAND

2008

1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008

1999-

16072

10063

9918

5155

6948

81210

4684

10489

8492

7249

7398

4935

8173

8073

7652

9947

10238

25182

10646

12043
16204

20

26

32

16

26

30

27

31

33

29

23

22

30

27

35

20

30

29

12

30
30

16

22

30

10

24

27

23

28

30

25

21

27

23

31

15

26

26

11

25
28

13

18

28

20

23

20

25

27

23

18

17

25

22

29

11

23

22

10

22
24

19

25

16

19

22

24

25

23

20

24

24

28

15

23

23

10

24
24

11

16

22

10

17

18

19

21

22

20

17

14

21

21

25

10

20

19

10

20
20

12

20

13

16

19

20

19

12

20

19

23

15

18

14

17

14

14

16

17

15

12

15

16

16

16

15
15

11

15

12

12

12

15

13

14

10

14

14

14

13

14

13
12

10




NAKHON SAWAN, THAILAND
YASOTHON, THAILAND
CHAIYAPHUM, THAILAND
AMNAT CHAROEN, THAILAND
ROI ET, THAILAND

MAHA SARAKHAM, THAILAND
PHETCHABUN, THAILAND
KALASIN, THAILAND

KHON KAEN, THAILAND
PHICHIT, THAILAND
MUKDAHAN, THAILAND
KAMPHAENG PHET, THAILAND
PHITSANULOK, THAILAND
TAK, THAILAND

SUKHOTHAI, THAILAND
SAKON NAKHON, THAILAND
NONG BUA LAM PHU, THAILAND
NAKHON PHANOM, THAILAND
UDON THANI, THAILAND

UTTARADIT, THAILAND
NONG KHAI, THAILAND

2008

1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008

1999-

12885

5233

9470

3447

13239

8452

8941

10235

20322

5148

2496

4551

10489

3925

6057

10656

4236

5384

15321

6835
6945

33

25

32

20

23

28

26

30

30

31

23

30

24

30

22

31

26

25

31
30

30

21

27

16

19

24

22

27

28

27

20

26

22

26

20

29

21

23

28
27

28

19

25

13

16

20

20

23

24

24

15

25

18

22

16

27

16

20

23
23

26

19

23

16

18

22

23

23

25

23

17

24

18

20

24
22

24

16

19

12

14

19

14

19

20

22

14

19

14

19

14

22

13

17

20
19

22

15

16

15

11

16

19

20

11

17

12

17

12

19

17

14

17

11

12

12

15

16

15

14

15

11

18

14

14

15
17

15

11

15

10

12

10

12

14

13

10

13

11

13

15

10

12

12
14




PHRAE, THAILAND
LAMPANG, THAILAND
LAMPHUN, THAILAND
NAN, THAILAND

CHIANG MAI THAILAND
PHAYAO, THAILAND
CHIANG RAI THAILAND
EAST, UK

EAST MIDLANDS, UK
LONDON, UK

NORTH EAST, UK

NORTH WEST, UK

SOUTH EAST, UK

SOUTH WEST, UK
WALES, UK

WEST MIDLANDS, UK
YORKSHIRE & HUMBER, UK
AKRON, OH, USA
ALBUQUERQUE, NM, USA

ALLENTOWN-BETHLEHEM, PA, USA
ATLANTA, GA, USA

2008

1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1999-
2008
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1990-
2012
1985-
2006
1985-
2006
1985-
2006

1985-

7548

12937

5461

6419

26170

8185

18526

349071

281307

384191

190551

495075

526489

360927

219114

356808

349510

33295

22151

18616
96303

30

33

27

29

20

34

24

31

30

31

30

30

31

31

31

29

31

33

37

33
36

26

30

24

28

18

31

19

27

25

26

25

26

27

27

27

25

27

29

33

27
32

22

28

22

25

16

28

15

22

22

23

21

23

23

24

24

22

23

25

29

23
29

22

24

22

23

15

26

23

22

22

22

22

23

23

23

22

23

25

24

23
25

18

22

20

20

14

24

14

20

19

19

18

19

20

19

20

18

20

21

22

19
22

16

22

20

21

10

16

16

16

17

16

17

16

16

17

15

17

15

16

11

13

15

14

15

14

15

15

15

15

17

17

16
18

13

14

14

14

15

10

11

11

12

11

12

12

12

13

12

12

14

14

13
16




ATLANTIC CITY, NJ, USA
AUSTIN, TX, USA
BAKERSFIELD, CA, USA
BALTIMORE, MD, USA
BARNSTABLE-YARMOUTH, MA, USA
BERGEN-PASSAIC, NJ, USA
BIRMINGHAM, AL, USA
BOSTON, MA, USA

BATON ROUGE, LA, USA
BROWNSVILLE, TX, USA
BUFFALO, NY, USA
CANTON-MASSILLON, OH, USA
CHARLESTON, WV, USA
CHARLOTTE, NC, USA
CHATTANOOGA, TN, USA
CHICAGO, IL, USA
CINCINNATI, OH, USA
CLEVELAND, OH, USA
COLUMBIA, SC, USA

COLUMBUS, OH, USA
DALLAS, TX, USA

2006

1985-
2006 15199
1985-
2006 21831
1985-
2006 27716
1985-
2006 99401
1985-
2006 16153
1985-
2006 73212
1985-
2006 53165
1985-
2006 145615
1985-
2006 19473
1985-
2006 10965
1985-
2006 65843
1985-
2006 23766
1985-
2006 15363
1985-
2006 25311
1985-
2006 18913
1985-
2006 349050
1985-
2006 53094
1985-
2006 125455
1985-
2006 23635
1985-
2006 49586
1985- 81635

32

39

33

33

32

34

35

31

36

32

33

33

34

34

37

29

33

31

36

32
37

27

36

30

28

27

29

32

25

32

28

28

29

30

30

34

23

29

26

31

28
34

20

34

25

21

22

22

28

20

28

24

24

25

26

26

30

19

26

21

28

24
31

23

28

26

23

25

24

25

23

28

32

23

25

26

25

27

24

22

22

26

23
27

17

25

22

18

21

18

21

17

25

28

19

21

22

21

24

19

18

18

23

19
24

14

23

19

14

20

11

22

24

19

19

18

21

15

15

14

17

17

17

16

16

15

16

15

15

18

18

15

16

16

18

15
19

10

16

15

13

13

13

14

10

13

12

12

14

13

15

15

13

13

12

15

12
18




DAYTONA BEACH, FL, USA
DAYTON, OH, USA
DENVER, CO, USA

DES MOINES, IA, USA
DETROIT, MI, USA

DUTCHESS COUNTY, NY, USA

EL PASO, TX, USA

ERIE, PA, USA

FLINT, MI, USA

FRESNO, CA, USA

FT. LAUDERDALE, FL, USA

FORT MYERS-CAPE CORAL, FL, USA
FORT PIERCE-PORT ST. LUCIE, FL, USA
FORT WORTH-ARLINGTON, TX, USA
GALVESTON, TX, USA
GARY, IN, USA

GRAND RAPIDS, MI, USA
GREENSBORO, NC, USA
GREENVILLE, SC, USA

HAMILTON, OH, USA
HARRISBURG-CARLISLE, PA, USA

2006

1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006

1985-

33248

33728

56583

16899

229193

13143

22366

16916

23674

31852

97450

27339

20681

53579

12921

28345

24572

20318

17982

15447
15600

36

31

33

33

31

31

31

31

30

35

31

32

39

20

28

30

31

34

37

33
23

30

27

28

29

27

26

28

25

25

32

24

25

32

18

25

26

27

29

34

29
21

25

23

23

24

23

21

24

20

22

28

19

21

26

16

20

21

23

25

30

26
18

26

25

23

25

22

21

24

22

24

26

22

20

27

22

24

22

25

27

22
17

21

21

19

20

19

16

20

17

20

23

16

15

22

14

18

20

19

22

25

18
14

18

18

15

13

18

14

15

20

11

18

13

14

16

16

19

17

15

16

16

17

15

14

18

14

10

10

16

16

18

16

16
11

15

14

10

12

14

10

15

11

11

15

10

14

12

12

14

14

13
10




HARTFORD, CT, USA
HONOLULU, HI, USA
HOUSTON, TX, USA
INDIANAPOLIS, IN, USA
JACKSONVILLE, FL, USA

JERSEY CITY, NJ, USA

KANSAS CITY, MO-KS, USA

KNOXVILLE, TN, USA
LAKELAND-WINTER HAVEN, FL, USA
LANCASTER, PA, USA
LANSING, ML, USA

LAS VEGAS, NV-AZ, USA

LOS ANGELES, CA, USA

LOUISVILLE, KY, USA

LITTLE ROCK, AR, USA
LUBBOCK, TX, USA

MADISON, WI, USA
MCALLEN-EDINBURG-MISSION, TX, USA
MELBOURNE-TITUSVILLE-PALM BAY, FL, USA

MEMPHIS, TN, USA
MIAMI, FL, USA

2006

1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006

1985-

48290

24364

115796

46853

38724

31701

67807

24834

29250

24548

11583

56467

386647

42618

19999

10691

15106

15090

27810

47476

119487

32

35

31

35

36

34

32

36

39

32

29

35

31

35

36

33

30

33

34

37
36

26

31

26

30

31

29

28

33

33

26

25

32

27

31

32

28

26

30

27

33
31

23

26

22

28

28

22

24

28

29

22

21

28

24

28

29

23

21

26

22

30
26

24

23

24

25

28

24

24

26

27

26

22

26

23

27

26

24

23

24

24

28
26

19

19

20

21

23

18

20

23

22

21

18

23

20

24

23

19

19

21

18

26
21

15

16

17

20

14

16

19

19

18

20

16

19

21

15

14

16

13

19

15

16

17

17

18

16

14

17

19

14

16

17

15

16
17

13

10

15

12

13

13

13

15

14

13

11

14

11

14

17

12

12

14

11

13
13

10




MIDDLESEX, NJ, USA
MILWAUKEE, WI, USA
MINNEAPOLIS-ST. PAUL, MN, USA
MOBILE, AL, USA
MONMOUTH-OCEAN, NJ, USA
MYRTLE BEACH, SC, USA
NAPLES, FL, USA
NASHUA, NH, USA

NASHVILLE, TN, USA
NASSAU-SUFFOLK, NY, USA
NEWARK, NJ, USA

NEWBURGH, NY, USA

NEW HAVEN-MERIDEN, CT, USA
NEW LONDON, CT, USA

NEW YORK, NY, USA
OAKLAND, CA, USA
OCALA, FL, USA
OKLAHOMA CITY, OK, USA
OMAHA, NE, USA

ORANGE COUNTY, CA, USA
ORLANDO, FL, USA

2006

1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006
1985-
2006

1985-

33829

71799

74244

22679

73356

9518

11336

15701

30097

143694

68728

15476

48273

12576

426430

99888

17933

36601

22024

98795
49272

32

32

32

33

22

32

35

31

32

31

34

31

32

31

32

20

32

36

33

32
32

25

26

28

30

18

28

28

26

29

24

29

26

26

24

26

15

26

32

29

28
27

20

21

25

26

15

25

24

21
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Table S2: Second-stage random-effects meta-analysis and meta-regression models for explaining variation in overall heatwave effects and added

heatwave effects: Cochran Q test for heterogeneity, I? statistics for residual heterogeneity. Please refer table 1 for heatwave definitions.

Overall heatwave effect

Added heatwave effect

?:g;‘ﬁiazj Model Predictor P value for Q test  12(%) P value for Q test  12(%)
90P_2day Intercept only ~ ---------- <0.001 73.33 0372 212
Single predictor Average temperature <0.001 70.83 0.376 2.04
Temperature range <0.001 73.40 0.399 1.63
Temperature variability <0.001 73.03 0.412 1.39
Longitude <0.001 7226 0.359 2.35
Latitude <0.001 72.16 0.361 231
Country <0.001 44.72 0.335 2.86
Full Average temperature
Temperature range
Temperature variability <0.001 43.99 0.402 1.61
Longitude
Latitude
Country
92.5P 2day Interceptonly =~ = ---------- <0.001 74.37 0.031 12.03
Single predictor Average temperature <0.001 72.84 0.038 11.42
Temperature range <0.001 74.34 0.030 12.11
Temperature variability <0.001 73.52 0.028 12.25
Longitude <0.001 73.72 0.028 12.25
Latitude <0.001 73.61 0.028 12.24
Country <0.001 46.52 0.024 12.87

Full

Average temperature




Temperature range

Temperature variability

<0.001

43.83 0.030 12.39
Longitude
Latitude
Country
95P_2day Intercept only ~ -------e-- <0.001 74.99 0.095 8.59
Single predictor Average temperature <0.001 74.51 0.108 3.13
Temperature range <0.001 74.91 0.149 6.88
Temperature variability <0.001 74.20 0.116 7.88
Longitude <0.001 74.65 0.100 8.40
Latitude <0.001 74.61 0.090 8.78
Country <0.001 49.54 0.082 9.28
Full Average temperature
Temperature range
Temperature variability <0.001 46.66 0.097 872
Longitude
Latitude
Country
97.5P 2day Interceptonly = --------m- <0.001 73.99 0.038 11.47
Single predictor Average temperature <0.001 74.02 0.038 11.47
Temperature range <0.001 73.73 0.074 9.45
Temperature variability <0.001 73.43 0.057 10.30
Longitude <0.001 74.03 0.043 1111
Latitude <0.001 73.92 0.053 10.48
Country <0.001 51.82 0.089 9.00
Full Average temperature
Temperature range
Temperature variability <0.001 47.79 0.080 9.42

Longitude




Latitude

Country
90P_3day Intercept only =~ -me-eeeee- <0.001 7233 0.765 5.48
Single predictor Average temperature <0.001 70.14 0.775 572
Temperature range <0.001 72.40 0.817 6.86
Temperature variability <0.001 71.92 0.809 6.65
Longitude <0.001 71.40 0.754 522
Latitude <0.001 71.01 0.765 5.48
Country <0.001 44.87 0.868 8.75
Full Average temperature
Temperature range
Temperature variability <0.001 43.93 0.876 9.12
Longitude
Latitude
Country
92.5P _3day Interceptonly = ---------- <0.001 73.31 0.458 0.58
Single predictor Average temperature <0.001 72.18 0.508 .0.31
Temperature range <0.001 73.04 0.464 0.48
Temperature variability <0.001 7232 0.448 0.76
Longitude <0.001 72.83 0.449 0.74
Latitude <0.001 72.61 0.450 0.73
Country <0.001 46.88 0.574 1.53
Full Average temperature
Temperature range
Temperature variability <0.001 43.40 0.585 1.76
Longitude
Latitude
Country
95P_3day Intercept only ~ --e-eeeee- <0.001 73.52 0.091 873



Single predictor Average temperature <0.001 73.32 0.103 831
Temperature range <0.001 73.42 0.133 7.34
Temperature variability <0.001 72.76 0.103 8.32
Longitude <0.001 73.37 0.088 8.87
Latitude <0.001 73.23 0.090 8.77
Country <0.001 51.82 0.111 8.18
Full Average temperature
Temperature range
Temperature variability <0.001 4836 0.132 7.55
Longitude
Latitude
Country
97.5P_3day Interceptonly =~ = -----eeee- <0.001 71.16 0.207 542
Single predictor Average temperature <0.001 71.12 0.201 5.56
Temperature range <0.001 70.89 0.258 432
Temperature variability <0.001 70.66 0.235 4.79
Longitude <0.001 71.23 0.197 5.65
Latitude <0.001 71.13 0.278 3.89
Country <0.001 50.05 0.367 2.25
Full Average temperature
Temperature range
Temperature variability <0.001 4541 0.436 0.99
Longitude
Latitude
Country
90P_4day Interceptonly ~ -------- <0.001 70.58 0.278 3.90
Single predictor Average temperature <0.001 68.76 0.286 3.73
Temperature range <0.001 70.65 0.336 2.79
Temperature variability <0.001 70.02 0317 3.15




Longitude <0.001 69.79 0.266 4.14
Latitude <0.001 69.37 0.271 4.05
Country <0.001 4425 0.436 0.98
Full Average temperature
Temperature range
Temperature variability <0.001 42.50 0.465 0.45
Longitude
Latitude
Country
92.5P 4day Interceptonly =~ = —mm--eeeee <0.001 72.05 0.086 8.95
Single predictor Average temperature <0.001 71.42 0.089 8.83
Temperature range <0.001 71.97 0.096 8.57
Temperature variability <0.001 71.10 0.086 8.96
Longitude <0.001 71.79 0.086 8.95
Latitude <0.001 71.44 0.089 8.82
Country <0.001 47.65 0.173 637
Full Average temperature
Temperature range
Temperature variability <0.001 43.27 0217 533
Longitude
Latitude
Country
95P_4day  Interceptonly =~ ---mm--om- <0.001 73.19 0.036 11.59
Single predictor Average temperature <0.001 73.16 0.038 11.44
Temperature range <0.001 73.03 0.044 11.05
Temperature variability <0.001 72.45 0.035 11.65
Longitude <0.001 73.14 0.035 11.66
Latitude <0.001 73.00 0.042 11.15
Country <0.001 54.10 0.100 8.59




Full

Average temperature
Temperature range

Temperature variability

<0.001

50.15 0.102 8.57
Longitude
Latitude
Country
97.5P_4day Interceptonly =~ ---------- <0.001 69.31 0.004 16.34
Single predictor Average temperature <0.001 69.01 0.004 16.47
Temperature range <0.001 68.95 0.005 16.28
Temperature variability <0.001 68.86 0.005 16.26
Longitude <0.001 6937 0.004 16.37
Latitude <0.001 69.39 0.005 16.00
Country <0.001 48.71 0.011 14.69
Full Average temperature
Temperature range
Temperature variability <0.001 44.06 0.019 13.57

Longitude
Latitude

Country




4 Cold area [<=20.7 C] g
+Moderate cold area[20.1-24.1 C] ~
* Moderate hot area[24.1-27.6 C]

* Hot area [>27.6 C]

Figure S1: Locations of communities stratified by cold, moderate cold, moderate hot and hot areas, by the quantiles (<25", 25"-50", 50" —75™

and >75™) of their mean temperatures of hot season (each community has one value of annual mean temperature).
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Figure S2: Lag effects of heatwaves on mortality along lag 0—10 days in 18 countries/regions for 4 types of heatwave definitions. 90P_3day: 90™
percentile with >3 days duration; 92.5P_3day: 92.5™ percentile with >3 days duration; 95P_3day: 95" percentile with >3 days duration;
97.5P 3day: 97.5" percentile with >3 days duration.
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Figure S3: Lag effects of heatwaves on mortality along lag 0—10 days in 18 countries/regions for 4 types of heatwave definitions. 90P 4day: 90™
percentile with >4 days duration; 92.5P_4day: 925" percentile with >4 days duration; 95P 4day: 95 percentile with >4 days duration;
97.5P 4day: 97.5™ percentile with >4 days duration.
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Figure S4: Comparison for cumulative effects of heatwaves on mortality over lag 0—10 days in 16 countries/regions for 12 types of heatwave
definitions using daily mean and minimum temperatures. Please refer table 1 for heatwave definitions. a, B, and 2 are intercept, coefficient,

and r-squared respectively derived from linear regression model for effect estimates modelled by heatwaves defined by daily mean and
minimum temperatures. P-value for difference is modelled by the Paired t-test between effect estimates modelled by heatwaves defined by daily

mean and minimum temperatures.
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Figure S5: Cumulative effects of heatwaves (A. definition by maximum temperature and B. definition by minimum temperature) on mortality
over lag 0—10 days in 18 countries/regions for 12 types of heatwave definitions. Please refer table 1 for heatwave definitions.
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igure S6: Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas)
for 12 types of heatwave definitions when excluding USA. Cold areas: mean temperature of hot season <20.7 °C; moderate cold areas: mean
temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of

hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S7: Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas) for

12 types of heatwave definitions when excluding USA. Cold areas: mean temperature of hot season <20.7 ° C; moderate cold areas: mean

temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of

hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S8: Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas)
for 12 types of heatwave definitions when excluding Italy. Cold areas: mean temperature of hot season <20.7 °C; moderate cold areas: mean
temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of

hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S9: Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas) for

12 types of heatwave definitions when excluding Italy. Cold areas: mean temperature of hot season <20.7 ° C; moderate cold areas: mean

temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of

hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S10: Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot
areas) for 12 types of heatwave definitions when excluding Moldova. Cold areas: mean temperature of hot season <20.7 °C; moderate cold areas:
mean temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean
temperature of hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S11: Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas) for
12 types of heatwave definitions when excluding Moldova. Cold areas: mean temperature of hot season <20.7 ° C; moderate cold areas: mean

temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of
hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S12: Cumulative effects of heatwaves on mortality over lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot
areas) for 12 types of heatwave definitions when excluding Vietnam. Cold areas: mean temperature of hot season <20.7 °C; moderate cold areas:
mean temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean

temperature of hot season >27.6 °C. Please refer table 1 for heatwave definitions.
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Figure S13: Lag effects of heatwaves on mortality along lag 0—10 days in 4 climatic areas (cold, moderate cold, moderate hot, and hot areas) for
12 types of heatwave definitions when excluding Vietnam. Cold areas: mean temperature of hot season <20.7 ° C; moderate cold areas: mean

temperature of hot season 20.7-24.1 °C; moderate hot areas: mean temperature of hot season 24.1-27.6 °C; and hot areas: mean temperature of
hot season >27.6 °C. Please refer table 1 for heatwave definitions.



Control for temperature variability

90P 2day # 90P 3day = 90P 4day ® 925P 2day * 925P 3day ® 925P 4day © 95P 2day * 95P 3day © 95P 4day ® 97.5P 2day  97.5P 3day ® 97.5P 4day

Relative risk

L ]

*H . +

soidtt pera®? sars®? seraed +++

R

+ ,.3‘

| ‘“+++ ,.n++ sarat? “Hﬂ ,+*H+ +++++ oy ser3er ,.ﬂ++ ++ H’++

| | | | | | | | | |
Thailand UK USA Vietnam

| | |
Ireland Italy Japan Korea  Moldova Philippines Spain Taiwan

Country

| | | | |
Australia  Brazil Canada China  Colombia Iran

Figure S14: Cumulative effects of heatwaves on mortality over lag 0—10 days after controlling for temperature variability (standard deviation of
10 days’ daily mean temperatures) in 18 countries/regions for 12 types of heatwave definitions. Please refer table 1 for heatwave definitions.
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