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Web Appendix 1

Australia

We collected data from Melbourne, Sydney and Brisbane between 1% of January 1988 and
31 of May 2009. Daily mortality, obtained from the Australian Bureau of Statistics, is
represented by counts of deaths for non-external causes only (ICD-9: 0-799; ICD-10: A0O-
R99). Mean daily temperature (in °C) and relative humidity (in %), computed as the 24-hour
average based on hourly measurements, were obtained from the Australian Bureau of
Meteorology. We selected all available meteorological stations located within <30 km of
each city’s Central Business District (CBD) (7 stations in Brisbane, 7 stations in Melbourne
and 11 stations in Sydney). We calculated the daily averages of climatic variables using all
records from meteorological stations in each city. When there was a missing value (<1.3%)
for a particular meteorological station, observations recorded from the remaining weather
stations were used to compute the daily average values. These data were used and described
in previous publications (1-4).

Canada

We collected data from 20 census metropolitan areas (CMA) (see full list in Table S1 and in
Figure S2 below) and 6 cities (Hamilton, Niagara, Oakville, Oshawa, Sarnia, Sault-Ste
Marie) between 1% of January 1986 and 31% of December 2011. Daily mortality, obtained
from Statistics Canada through access to the Canadian Mortality Database, is represented by
counts of deaths for all causes. Mean daily temperature (in °C) and relative humidity (in %),
computed as the 24-hour average based on hourly measurements, were obtained from
Environment Canada. A single weather station was selected for each city using the airport
monitoring station located closest to the CMA centre. These data (or a subset of them) were
used and described in previous publications (3-6).

China

We collected data from the city of Anshan (1% of January 2004 to 31 of December 2006),
Beijing (1% of January 2007 to 30" of September 2008), Fuzhou (1% of January 2004 to 31°
of December 2006), Guangzhou (1% of January 2007 to 31% of December 2008), Hong Kong
(1% of January 1996 to 31% of December 2002), Hangzhou (1 of January 2002 to 29" of
December 2004), Lanzhou (1% of January 2004 to 31% of December 2008), Nanjing (1% of
January 2007 to 31% of December 2010), Shanghai (1% of January 2001 to 31% of December
2004), Shenyang (1% of January 2005 to 31% of December 2008), Suzhu (1% of January 2005
to 31% of December 2008), Taiyuan (1% of January 2004 to 31% of December 2008),
Tianjin(1% of January 2005 to 31% of December 2008), Wuhan (1% of January 2003 to 31°% of
December 2005), Wulumgi (1% of January 2006 to 31 of December 2007), and Xian (1% of
January 2004 to 31% of December 2008). Daily mortality is represented by counts of deaths
for non-external causes only (ICD-9: 0-799; ICD-10: A00-R99). Mean daily temperature (in
°C) and relative humidity (in %) were computed as the 24-hour average based on hourly
measurements. Measures of nitrogen dioxide (NOa, in ug/m®), particles (PM10, in in pg/m®)
and sulphur dioxide (SO2, in in pg/m3) were available in the same period. Daily level of
pollutants were computed as the 24-hour mean based on hourly measurements. In total,



missing data amount for 0.54% and 0.33% of the mortality and temperature series,
respectively. These data were used and described in previous publications (3).

Italy

We collected data from the city of Bari (1% of January 1996 to 31 of December 2007),
Bologna (1% of January 1996 to 31% of December 2010), Brescia (1% of January 1993 to 31°%
of December 2003), Civitavecchia (1% of January 1996 to 31% of December 2006), Frosinone
(1% of January 1995 to 31% of December 2006), Genova (1% of January 1999 to 31% of
December 2007), Latina (1% of January 1995 to 31% of December 2006), Palermo (1% of
January 1997 to 31% of December 2001), Roma (1% of January 1987 to 31% of December
2010), Torino (1% of January 1991 an to 1% of December 1999), and Viterbo (1% of January
1995 to 1% of December 2006). Daily mortality, obtained from local mortality registries and
from the rapid mortality surveillance system operational since 2004, is represented by counts
of deaths for all causes. Mean daily temperature (in °C) and relative humidity (in %),
computed as the 24-h average based on 6-h measurements, were obtained from the
Meteorological Service of the Italian Air Force. A single weather station was selected for
each city, using the airport monitoring station located closest to the city centre. In total,
missing data amount for 1.95% and 3.30% of the mortality and temperature series,
respectively. These data were used and described in previous publications (3, 7, 8).

Japan

We collected data from 47 prefectures (see full list in Table S1 and in Figure S2 below)
between 1% of January 1985 and 31% of December 2012. Daily mortality, obtained from
computerized death certificate data from the Ministry of Health, Labour and Welfare, Japan,
is represented by counts of deaths for all causes and for non-external causes only (ICD-9: 0-
799; ICD-10: A00-R99). Mean daily temperature (in ‘C) and relative humidity (in %),
computed as the 24-hour average based on hourly measurements, were obtained from the
Japan Meteorology Agency. A single weather station located within the urban area of the
capital city was selected for each prefecture. These data were used and described in previous
publications (3, 4).

South Korea

We collected data from 7 cities (see full list in Table S1 and in Figure S2 below) between 1%
of January 1992 and 31% of December 2010. Daily mortality is represented by counts of
deaths for all causes and for non-external causes only (ICD-9: 0-799; ICD-10: A00-R99).
Mean daily temperature (in °C) and relative humidity (in %) were computed as the 24-hour
average based on hourly measurements. Daily level of pollutants were computed as the 24-
hour mean based on hourly measurements. These data were used and described in previous
publications (3, 4).

Spain
We collected data from the 51 capital cities (see full list in Table S1 and in Figure S2 below)

between 1% of January 1990 and 31% of December 2010. Daily mortality, obtained from Spain
National Institute of Statistics, is represented by counts of deaths for all causes. Mean daily



temperature (in ‘C), computed as the 24-hour average based on hourly measurements, was
obtained from Spain National Meteorology Agency. A single weather station, located within
the urban area or at the near airport, was selected for each city. Single-day missing values
were imputed as the average of the days before and after. For periods longer than two days no
imputation was done. These data (or a subset of them) were used and described in previous
publications (3, 4, 9).

UK

We collected data in 9 regions of England and in Wales (see full list in Table S1 and in
Figure S2 below) between 1% of January 1990 and 30 of August 2012. Daily mortality,
obtained from the Office of National Statistics, is represented by counts of deaths for all
causes and for non-external causes only (ICD-9: 0-799; ICD-10: A00-R99). Mean daily
temperature (in °C, computed from the 24-h average of hourly measurements) were obtained
from the British Atmospheric Data Centre. An average of 29 stations contributed data to each
regional series, from a minimum of 7 in London to a maximum of 44 in Wales. Missing
values were imputed through interpolation between stations within the same region. A subset
of these data were used and described in previous publications (3, 4, 10, 11).

USA

We collected data from 135 cities (see full list in Table S1 and in Figure S2 below) between
1% of January 1985 and 31% of December 2006. Daily mortality, obtained from the National
Center for Health Statistics (NCHS), is represented by counts of deaths for non-external
causes only (ICD-9: 0-799; ICD-10: A00-R99). Mean daily temperature (in °C, computed as
the 24-hour average based on hourly measurements) and relative humidity (in %, computed
from the 24-h average of hourly measurements of dew point temperature) were obtained from
the National Climatic Data Center (NCDC) of the National Oceanic and Atmospheric
Administration (NOAA). A single weather station was selected for each city in the land-
based station data or NCDC, based on the proximity to the city’s population centre. In 6 cities
where multiple observations were missing from all the nearby monitors, hourly data from the
Integrated Surface Database Lite of NCDC were converted in daily values. For 25 stations
missing dew point data, dew point data were obtained from the nearest station with dew point
data. These data were used and described in previous publications (3, 4, 12, 13).



Web Table 1. List of the 305 locations in 9 countries with study periods, total number of
deaths and summer temperature (mean and range).

Location Country Period Total deaths Summer temperature (°C)
BRISBANE Australia 1988-2009 58836 24.2 (17.4to 31.4)
MELBOURNE Australia 1988-2009 140400 20.0(10.6 to 35.0)
SYDNEY Australia 1988-2009 161899 22.2(14.0to 31.8)
ABBOTSFORD Canada 1986-2011 8572 17.0(8.9t029.0)
CALGARY Canada 1986-2011 42293 14.3(-2.5t024.3)
EDMONTON Canada 1986-2011 49262 15.3(0.4t0 29.4)
HALIFAX Canada 1986-2011 22407 16.9 (5.2 t0 26.6)
HAMILTON Canada 1986-2011 35884 18.9 (4.2 to 29.6)
KINGSTON Canada 1986-2011 12362 18.8 (4.5t029.5)
\l/<\/l,;\r'lc':l|E_|REli\IOE§- Canada 1986-2011 22176 17.9 (3.6 10 29.8)
LONDON ONTARIO Canada 1986-2011 30429 18.9 (4.3t030.7)
MONTREAL Canada 1986-2009 79813 18.9(3.3t029.3)
NIAGARA Canada 1986-2011 30931 19.9 (6.2 to 30.5)
OAKVILLE Canada 1986-2011 18543 19.4 (5.7to 31.1)
OSHAWA Canada 1986-2011 22707 18.3(4.4t030.2)
OTTAWA Canada 1986-2011 43017 18.7(2.91t029.7)
REGINA Canada 1986-2011 15797 16.3(0.0to 31.4)
SARNIA Canada 1986-2011 8874 19.5(6.0to0 30.7)
SUDBURY Canada 1986-2011 13079 16.8(1.2t0 28.8)
SAINT JOHN NB Canada 1986-2011 13676 15.3 (4.0to0 25.7)
ST. JOHN'S NFL Canada 1986-2011 17001 14.0 (1.2to0 24.3)
SAULT STE. MARIE Canada 1986-2011 9327 16.4(3.4t0 27.7)
SASKATOON Canada 1986-2011 18102 15.8 (-1.4to 32.1)
THUNDER BAY Canada 1986-2011 11437 15.3 (0.9to0 27.3)
TORONTO Canada 1986-2011 215163 19.6 (5.3t0 31.5)
VICTORIA Canada 1986-2011 26457 15.7 (6.7 to 26.7)
VANCOUVER Canada 1986-2011 103396 16.7 (9.2 to 28.4)
WINDSOR Canada 1986-2011 20264 21.0(6.0to 31.5)
WINNIPEG Canada 1986-2011 53136 17.2 (1.1t0 30.9)
ANSHAN China 2004-2006 9404 24.2(10.1to 36.4)
BEIJING China 2007-2008 24718 25.0(12.5t030.7)
FUZHOU China 2004-2006 5422 28.0(20.31t032.2)
GUANGZHOU China 2007-2008 17633 28.8 (23.7 to 33.5)
HONG KONG China 1996-2002 67289 28.4(21.1t0 33.8)
HANGZHOU China 2002-2004 6370 26.9 (17.7 to 36.4)
LANZHOU China 2004-2008 10552 17.6 (7.0 to 33.0)
SHANGHAI China 2001-2004 51408 27.1(19.4 to 34.0)
SHENYANG China 2005-2008 30197 21.6(10.0 to 28.0)
SUZHU China 2005-2008 14563 27.0 (17.5to0 33.8)
TAIYUAN China 2004-2008 13454 22.0(9.9t0 30.5)
TIANJIN China 2005-2008 4814 25.1(12.2to0 31.3)
WUHAN China 2003-2005 17896 27.6 (18.1to 35.8)
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25.0 (12.8 to 32.8)
21.1 (5.6 t0 33.6)
22.7 (9.2 to0 33.1)
20.7 (7.5 t0 30.8)
26.2 (13.3 t0 32.8)
22.0 (8.3t0 31.7)
28.1 (12.2 to 35.8)
27.1(21.1t0 31.7)
21.7 (7.2t0 32.2)
20.7 (-5.0 10 30.3)
22.0 (4.7 t0 32.8)
21.0 (6.4 to 31.4)

20.2 (6.4 t0 31.7)

26.8 (11.4 t0 36.7)
20.3 (7.5 t0 30.0)
19.6 (4.7 t0 30.8)
26.3 (13.6 t0 38.6)
27.4 (23.1t0 30.8)

28.2 (22.8 t0 31.4)
27.3(22.8 10 30.8)

28.0 (13.1 t0 35.6)

27.1 (16.7 to 32.8)
20.9 (5.31031.7)
19.9 (4.4 10 31.7)
23.7 (11.1 0 30.6)
24.5 (11.7 to 32.8)
22.7 (9.2 t0 33.1)

22.6 (8.1t0 32.5)

20.8 (5.8 t0 31.1)
27.5(24.2 10 30.3)
28.0 (15.3 10 33.3)
22.3(7.81032.2)
27.0 (17.8 t0 32.5)



JERSEY CITY, NJ
KANSAS CITY, MO-KS

KNOXVILLE, TN
LAKELAND-WINTER
HAVEN, FL

LANCASTER, PA
LANSING, Ml

LAS VEGAS, NV-AZ
LOS ANGELES, CA
LOUISVILLE, KY
LITTLE ROCK, AR
LUBBOCK, TX

MADISON, WI

MCALLEN-
EDINBURG-MISSION,
X

MELBOURNE-
TITUSVILLE-PALM
BAY, FL

MEMPHIS, TN
MIAMI, FL
MIDDLESEX, NJ

MILWAUKEE, WI

MINNEAPOLIS-ST.
PAUL, MN

MOBILE, AL

MONMOUTH-OCEAN,
NJ

MYRTLE BEACH, SC
NAPLES, FL
NASHUA, NH

NASHVILLE, TN

NASSAU-SUFFOLK,
NY

NEWARK, NJ
NEWBURGH, NY

NEW HAVEN-
MERIDEN, CT

NEW LONDON, CT
NEW YORK, NY
OAKLAND, CA

OCALA, FL

OKLAHOMA CITY,
OK

OMAHA, NE

ORANGE COUNTY,
CA

ORLANDO, FL
PENSACOLA, FL

PHILADELPHIA, PA-
NJ

USA
USA
USA

USA

USA
USA
USA
USA
USA
USA
USA
USA

USA

USA

USA
USA
USA
USA

USA
USA
USA

USA
USA
USA
USA

USA

USA
USA

USA

USA
USA
USA
USA

USA
USA
USA

USA
USA

USA

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
1985-2006

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

31701
67807
24834

29250

24548
11583
56467
382554
42618
19999
10691
15106

15090

27810

47476
119487
33829
71799

74244
22679
73356

9518
11336
15701
30097

143694

68728
15476

48273

12576
426430
99888
17933

36601
22024
98795

49272
16165

279833

23.4 (10.6 to 34.7)
23.5 (6.1 0 33.9)
24.1 (10.8 t0 30.3)

27.9 (21.4 10 32.2)

21.7 (8.9 t0 31.1)
19.4 (5.3 t0 30.8)
30.7 (14.7 to 41.1)
20.4 (13.6 to 31.1)
24.2 (10.0 to 34.2)
26.4 (13.3 t0 35.3)
25.2 (6.4 to 35.6)
19.7 (5.0 t0 32.8)

29.9 (16.7 t0 36.7)

27.2 (21.9 t0 31.9)

26.5 (13.6 t0 33.9)
28.5 (23.3 10 31.4)
21.8 (8.6 t0 32.5)
20.3 (6.1 t0 33.9)

20.4 (4.7 t0 32.5)
26.8 (15.0 to 32.8)
21.8 (8.1t0 31.9)

25.6 (14.7 t0 33.3)
28.0 (21.9 to 30.8)
19.4 (6.1 t0 30.0)

24.9 (11.1 to 32.5)

21.4 (8.6 t0 32.2)

23.4 (10.6 to 34.7)
20.6 (6.7 to 30.8)

20.8 (5.8 to0 31.1)

20.7 (7.8 t0 31.1)

23.4 (10.3 to 34.4)
18.1 (12.2 t0 27.5)
27.2 (19.4 10 32.2)

25.7 (7.5 10 34.7)
22.3(2.21033.3)
22.4 (14.4 10 32.8)

27.8 (21.9 t0 32.2)
27.3(16.9 t0 34.2)

23.5 (9.4 10 33.3)



PHOENIX, AZ
PITTSBURGH, PA
PORTLAND, ME
PORTLAND, OR

PROVIDENCE-FALL
RIVER, RI-MA

PUNTA GORDA, FL
RALEIGH, NC

READING, PA

RIVERSIDE-SAN
BERNARDINO, CA

ROCHESTER, NY
ROCKFORD, IL
SACRAMENTO, CA
SAGINAW, MI
SALINAS, CA

SALT LAKE CITY, UT

SAN ANTONIO, TX

SARASOTA-
BRADENTON, FL
SCRANTON--WILKES-
BARRE--HAZLETON,
PA

SAN DIEGO, CA
SEATTLE, WA

SAN FRANCISCO, CA
SHREVEPORT, LA
SAN JOSE, CA
SPOKANE, WA

SPRINGFIELD, MA

STAMFORD-
NORWALK, CT

ST. LOUIS, MO-IL
STOCKTON-LODI, CA
SYRACUSE, NY

TACOMA, WA

TAMPA-ST.
PETERSBURG-
CLEARWATER, FL

TOLEDO, OH
TRENTON, NJ
TUCSON, AZ
TULSA, OK
UTICA-ROME, NY

VENTURA COUNTY,
CA

VIRGINIA BEACH, VA
WASHINGTON, DC-
MD-VA

WICHITA, KS

USA
USA
USA
USA

USA

USA
USA
USA

USA

USA
USA
USA
USA
USA
USA
USA

USA

USA

USA
USA
USA
USA
USA
USA
USA

USA

USA
USA
USA
USA

USA

USA
USA
USA
USA
USA

USA
USA
USA
USA

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
1985-2006
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

117774
97477
14093
65670

11215

11663
18149
22163

134247

39921
14176
53242
12524
14338
27783
57736

46351

46123

115049
69921
77042
16221
54245
21294
29030

43691

96368
25244
26252
29688

49811

28669
17869
39643
29746
16479

27134
58165
44237
21215

33.2 (18.9 to 41.4)
20.9 (7.8 t0 30.3)
18.5 (5.0 10 29.7)
19.4 (10.6 t0 29.7)

20.9 (7.2 to 31.4)

28.0 (23.1t0 32.2)
24.5 (12.5 t0 32.2)
24.5 (12.5 t0 32.2)

25.1(12.2 t0 36.7)

19.6 (5.0 t0 30.3)
20.7 (4.7t0 31.7)
23.1 (13.3t0 34.7)
19.6 (5.3 t0 31.1)
17.3 (12.2 t0 25.8)
22.8 (5.6 t0 32.8)
28.4 (12.8 t0 34.2)

28.0 (20.6 t0 32.8)

20.0 (5.8 to 31.9)

20.9 (14.7 10 30.8)
17.5 (8.9 10 28.1)
17.6 (11.9 t0 30.0)
27.2 (13.6 t0 34.2)
21.0 (13.9 10 32.2)
18.3 (4.4 10 30.6)
20.8 (5.8 t0 31.1)

21.5 (8.6 t0 30.8)

24.6 (9.2 t0 33.6)
23.8 (13.9 t0 36.9)
19.8 (5.0 t0 30.3)
17.8 (10.0 t0 26.7)

28.0 (21.7 t0 31.7)

20.9 (6.9 0 31.7)
21.6 (7.8t0 31.7)
29.5 (18.6 10 37.2)
26.1 (8.6 t0 35.3)
19.0 (4.4 to 28.9)

18.9 (13.1 t0 26.4)
24.9 (13.9 t0 33.1)
24.4 (10.6 t0 33.9)
24.9 (5.0 t0 33.9)



WILMINGTON, DE

WORCESTER, MA
WEST PALM BEACH-
BOCA RATON, FL

YORK, PA

YOUNGSTOWN-
WARREN, OH

USA
USA

USA
USA
USA

1985-2006
1985-2006

1985-2006
1985-2006
1985-2006

23455
41347

72824
19280
26632

22.8 (9.2 t0 31.9)
19.0 (3.3 10 28.9)

28.0 (23.3t0 31.1)
22.0 (8.3 t0 31.1)
19.6 (6.4 to 30.6)



Web Appendix 2

The analysis of the multi-country data set was performed in R, version 3.2.1.(14) The first
and second-stage models were performed using the two packages d1nm (version 2.1.4) and
mvmeta (version 0.4.7), respectively (15, 16).

The R code and data reproducing all the steps of the analysis are provided in a single zipped
file as Supplemental Material on the Journal’s website. An update version is also available at
the personal web page of the first author (http://www.ag-myresearch.com/), and at the time of
writing can be accessed via the sections ‘Publications’ (through the link to this article) or ‘R
code’. The code will be updated consistently with the development of the two R packages.

The code consists of a series of scripts to be run consecutively. Although the full results
cannot be reproduced as most of the data are not publicly available, we provide a subset of
the dataset for the 10 regions of the UK used in the analysis. We anticipate that the results are
similar yet not identical to those reported in the article, as the latter are based on the full data
and a different dataset for the UK.


http://www.ag-myresearch.com/

Web Figure 1. Replication of Figure 2 in the manuscript, including colours and confidence

intervals as shaded areas.
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Web Figure 2. Replication of Figure 2 in the manuscript for the average across the summer,
with confidence intervals as grey areas.
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Web Figure 3. Overall cumulative exposure-response relationships® between heat and
mortality predicted for early (corresponding to the mid-point of the first summer month) and
late summer (corresponding to the mid-point of the last summer month) in 305 locations,
with 95% confidence intervals. The curves are represented on a relative scale of summer
temperature percentiles, using country-specific distributions. Different study periods in 1985-
2012.
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Web Figure 4. Effect modification of day of season on the overalll cumulative exposure-
response relationships between heat and mortality in 9 countries, expressed as late/early ratio
of RRs (corresponding to the mid-point of the last and first summer months, respectively),
with 95% confidence intervals. The curves are represented on a relative scale of summer
temperature percentiles, using country-specific distributions. The vertical lines represent the
average minimum mortality percentile (dotted) and the 90" and 99™ percentiles of the
temperature distribution (dashed). Note that the y-axis is scaled to the country-specific range.
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Web Figure 5. Replication of Figure 3 in the manuscript, including colours and confidence
intervals as shaded areas.
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Web Figure 6. Replication of Figure 3 in the manuscript for the average across the summer,
with confidence intervals as grey areas.
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Web Figure 7. Replication of Figure 3 in the manuscript using a quadratic B-spline function
with 2 df (no knots) as the exposure-response function.
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Web Figure 8. Replication of Figure 3 in the manuscript using a quadratic B-spline function
with 4 df (knots at the 50" and 90" percentile of summer temperature distribution) as the

exposure-response function.
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Web Figure 9. Replication of Figure 3 in the manuscript (excluding confidence intervals),
with and without control for relative humidity, modelled using a natural cubic B-spline
function with 3 df of the average over lag 0-1. The analysis is performed in the subset of 223
locations including at least 80% of daily measurement of relative humidity.

aThe curves are represented on a relative scale of summer temperature percentiles, using country-specific

distributions.
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Web Figure 10. Replication of Figure 3 in the manuscript (excluding confidence intervals),
with and without control for diurnal temperature range (DTR). The analysis is performed in
the subset of 273 locations including at least 80% of daily measurement of maximum and
minimum daily temperature.

aThe curves are represented on a relative scale of summer temperature percentiles, using country-specific
distributions.
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