Supplementary appendix

Effect modification of greenness on the association
between heat and mortality

. a multi-city multi-country study



1. Updated information of the MCC data set

The Multi-Country Multi-City (MCC) Collaborative Research Network has been collecting time-
series data on daily deaths and environmental variables (e.g. daily mean temperature, relative
humidity and air pollution) since 2014. It is an international collaboration of research teams
working on a program aiming to produce epidemiological evidence on associations between
environmental stressors, climate, and health (http://mccstudy.Ishtm.ac.uk/).

In the latest version of data set, data from 1364 locations in 43 countries/territories during different
periods has been included. In this study, the data set with more mortality data set and years
corresponding to the accessible greenspace years (after year 2000) were selected for each country.
After removing dataset without specific-cause mortality (all-cause, cardiovascular, and respiratory
mortality), a total 452 locations in 24 countries or territories are finally included in the analysis:
Canada (24 cities during 2000-2015), Colombia (5 cities during 2000-2013), Costa Rica (1 city
during 2000-2017), Czech Republic (4 locations during 2000-2015), Ecuador (2 cities during
2014-2018), Estonia (3 cities during 2000-2015), Finland (1 city during 2000-2014), France (18
cities during 2000-2014), Greece (1 city during 2001-2010), Iran (1 city during 2002-2013),
Japan (47 locations during 2000— 2015), Mexico (4 cities during 2000-2014), Panama (1 city
during 2013-2016), Philippines (3 cities during 2006-2010), Portugal (4 cities during 2000-2018),
South Africa (42 cities during 2000-2013), South Korea (34 cities during 1997—-2018), Spain (37
cities during 2000-2014), Sweden (3 cities during 2000-2016), Switzerland (7 cities during 2000
2013), Taiwan (3 cities during 2000-2014), Thailand (60 provinces during 2000-2008), United
Kingdom (52 cities during 2000-2016), and United States (95 cities during 2000-2006). Basic
characteristics of these locations have been summarized in Table S1 by country.

2. Description of greenspace

For each city, we estimated greenness using the Normalized Difference Vegetation Index (NDVI)
and Enhanced Vegetation Index (EVI) from the Moderate Resolution Imaging Spectroradiometer
product MOD13Q1. NDVI is calculated as the difference between the near-infrared and visible
reflectance divided by the sum of those two (i.e., NDVI=(NIR-RED)/(NIR+RED)).! The NDVI
ranges from -1 to +1 with higher values indicating denser vegetation and a value of 0 or below
indicating non-vegetated areas (e.g., rock, barren, waterbody features).! The calculation of EVI is
similar to NDVI but corrects for bias caused by the particles in the air, ground cover below the
vegetation, and areas with large amount of chlorophyll.2 The EVI is calculated as

EVI = G[(NIR — RED)/(NIR + C;RED — Cyblue + L)]

, Where G is a gain factor, blue is the reflectance in the blue band of MOD13Q1, L is the
canopy background adjustment addressing differential and non-linear near-infrared and red radiant
transfer through a canopy, and C: and C are the coefficients of the aerosol resistance terms using
the blue band for correcting for aerosol influences in the red band.? MOD13Q1 uses 1 for L, 6 for
Cy, 7.5 for C», and 2.5 for G.2
MOD13Q1 is generated for every 16 days at 250-meter spatial resolution. The city-specific EVI
and NDVI values were calculated for every 16 days during the period for which the MCC data
(e.g., meteorological data, health data) were available. We estimated the average EVI for every
city using the pixel values within and surrounding the city’s boundary. Multiple data sources
including the U.S. Census Bureau, Statistics Canada, and the Database of Global Administrative
Areas provided the GIS shapefile data for the boundaries of cities. We conducted mosaicking and
reprojecting of MOD13Q1 product tiles using Google Earth Engine and the calculation for the
city-specific NDVI/EVI calculation was performed by the R statistical program.
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Table S1. Summary of locations for each greenspace (EVI, NDVI) group; low, medium, and high by region.

Greens EVI NDVI
ace Region
(pBrou g Number Number
ps . .
of Name of locations of Name of locations
locations locations
Low 2?:;?; 4 Comarca Lagunera (Mexico),Monterrey 4 Comarca Lagunera (Mexico),Monterrey
a (Mexico), Tijuana (Mexico),Toluca de Lerdo (Mexico) (Mexico), Tijuana (Mexico), Toluca de Lerdo (Mexico)
Bordeaux (France),Clermont-Ferrand (France),Dijon ..
(France) G(renoble) (France),Le Havre EFranceg Lifle Bordeaux (France),Clermont-Ferrand (France),Dijon
(France),Lens—Douai (Fran’ce) Lyon ' (France),Grenoble (France),Le Havre (France),Lille
Central (France),Montpellier (France),Marseille (France),Nice (France),Lens—Dogal (France),Lyon_ .
Europe 20 (France).Nancy (France),Nantes (France),Paris 19 (France),Montpellier (France),Marseille (France),Nice
(France),Rennes (France),Rouen (France),Strashourg (France),Nancy (France),Nantes (France),Paris
(France) Toulouse (France). Basel (Switzerland) (France),Rennes (France),Rouen (Frange),Strasbourg
Geneve &Switzerlan d) ' ' (France),Toulouse (France), Basel (Switzerland)
Tokyo (Japan), Osaka (Japan), Busan (South Tokyo (Japan), Osaka (Japan), Busan (South
East 8 Korea),Daegu (South Korea),Incheon (South 9 Korea),Daegu (South Korea),Incheon (South
Asia Korea),Mokpo (South Korea),Seoul (South Korea),Jecheon (South Korea),Mokpo (South
Korea),Suwon (South Korea) Korea),Seoul (South Korea),Suwon (South Korea)
Middle-
East 1 Mashhad (Iran) 1 Mashhad (Iran)
Asia
Calgary (Canada),Edmonton (Canada),Regina
Calgary (Canada),Edmonton (Canada), Ottawa
(Caaad)g)( Reginzi (Canada) Sgskatoon) (Canada),Sa_skatoon (Canada),'l_’or(_)nto
(Cana da)’Thun der Bay (Car’1a da), Toronto (Canada)_,Wlndsor (Canada),Winnipeg (Canada),
(Canada),Vancouver (Canada),Winnipeg (Canada), gg\zvgg\xl)lzl-g;sgu.srﬁ()gaslk)s ,Fte);r](cl)JSCA;A)\,Denver,
Brownsville, TX (USA),Dallas, TX (USA),Denver, ! ! I’ . I
CO (USA) El Paso, TX (USA).Fresno, CA (USA),Fort Myers-Cape Coral, FL_(US_A),Ga veston,
North : ' ' : TX (USA),Lubbock, TX (USA),Miami, FL
. (USA),Fort Myers-Cape Coral, FL (USA),Galveston, Lo
Americ | 29 TX (USA),Lubbock, TX (USA),Miami, FL 29 (USA),Melbourne-Titusville-Palm Bay, FL
a ' ! ’ ' (USA),Oklahoma City, OK (USA),Orlando, FL

(USA),Oklahoma City, OK (USA),Portland, OR
(USA),Riverside-San Bernardino, CA
(USA),Sacramento, CA (USA),San Diego, CA
(USA),San Jose, CA (USA),Salinas, CA (USA),San
Antonio, TX (USA),Spokane, WA (USA),Stockton-
Lodi, CA (USA),Tucson, AZ (USA)

(USA),Riverside-San Bernardino, CA
(USA),Sacramento, CA (USA),San Diego, CA
(USA),San Jose, CA (USA),Salinas, CA (USA),San
Antonio, TX (USA),Spokane, WA (USA),Stockton-
Lodi, CA (USA),Tucson, AZ (USA),Wichita, KS
(USA)



North
Europe

South
Africa

South
Americ
a

South
Europe

15

32

37

Tallinn (Estonia), Blackpool (UK),Bristol
(UK),Derby (UK),Ipswich (UK),Kingston upon Hull
(UK),Leicester (UK),London (UK),Luton
(UK),Liverpool (UK),Manchester (UK),Nottingham
(UK),Slough (UK),Southend-on-Sea (UK), Thanet
(UK)

Bojanala (South Africa),Cacadu (South Africa),Chris
Hani (South Africa),Central Karoo (South
Africa),City of Cape Town (South Africa),Capricorn
(South Africa),Cape Winelands (South Africa),City of
Johannesburg (South Africa),City of Tshwane (South
Africa),Dr Kenneth Kaunda (South Africa),Eden
(South Africa),Ekurhuleni (South Africa),Frances
Baard (South Africa),Fezile Dabi (South Africa),Joe
Ggabi (South Africa),John Taolo Gaetsewe (South
Africa),Lejweleputswa (South Africa),Mangaung
(South Africa),Ngaka Modiri Molema (South
Africa),Nkangala (South Africa),Nelson Mandela Bay
(South Africa),Namakwa (South Africa),Overberg
(South Africa),Pixley ka Seme (South
Africa),Sedibeng (South Africa),Siyanda (South
Africa), Thabo Mofutsanyane (South Africa),Vhembe
(South Africa),West Coast (South Africa),West Rand
(South Africa),Waterberg (South Africa),Xhariep
(South Africa)

Barranquilla (Colombia), Bogota (Colombia)

Athens (Greece), Beja (Portugal), Lisboa (Portugal),
Albacete (Spain),Alicante (Spain),Badajoz
(Spain),Barcelona (Spain),Burgos (Spain),Cadiz
(Spain),Caceres (Spain),Ciudad Real (Spain),Ceuta
(Spain),Cordoba (Spain),Castellon (Spain),Cuenca
(Spain),Guadalajara (Spain),Granada (Spain),Huelva
(Spain),Huesca (Spain),Jaen (Spain),Leon
(Spain),Lleida (Spain),Malaga (Spain),Madrid
(Spain),Melilla (Spain),Murcia (Spain),Palencia
(Spain),Segovia (Spain),Salamanca (Spain),Soria
(Spain),Sevilla (Spain), Teruel (Spain),Toledo

14

29

35

Malmo (Sweden), Blackpool (UK),Bristol
(UK),Ipswich (UK),Kingston upon Hull
(UK),Leicester (UK),London (UK),Luton
(UK),Liverpool (UK),Manchester (UK),Nottingham
(UK),Slough (UK),Southend-on-Sea (UK), Thanet
(UK)

Bojanala (South Africa),Cacadu (South Africa),Chris
Hani (South Africa),Central Karoo (South
Africa),City of Cape Town (South Africa),Capricorn
(South Africa),Cape Winelands (South Africa),City of
Johannesburg (South Africa),City of Tshwane (South
Africa),Dr Kenneth Kaunda (South Africa),Eden
(South Africa),Ekurhuleni (South Africa),Frances
Baard (South Africa),Fezile Dabi (South Africa),Joe
Gqabi (South Africa),John Taolo Gaetsewe (South
Africa),Lejweleputswa (South Africa),Mangaung
(South Africa),Ngaka Modiri Molema (South
Africa),Namakwa (South Africa),Overberg (South
Africa),Pixley ka Seme (South Africa),Sedibeng
(South Africa),Siyanda (South Africa),Vhembe (South
Africa),West Coast (South Africa),West Rand (South
Africa),Waterberg (South Africa),Xhariep (South
Africa)

Bogota (Colombia),Cali (Colombia)

Athens (Greece), Beja (Portugal), Lisboa (Portugal),
Albacete (Spain),Alicante (Spain),Badajoz
(Spain),Burgos (Spain),Cadiz (Spain),Caceres
(Spain),Ciudad Real (Spain),Ceuta (Spain),Cordoba
(Spain),Castellon (Spain),Cuenca (Spain),Guadalajara
(Spain),Granada (Spain),Huelva (Spain),Huesca
(Spain),Jaen (Spain),Lleida (Spain),Malaga
(Spain),Madrid (Spain),Melilla (Spain),Murcia
(Spain),Palencia (Spain),Segovia (Spain),Salamanca
(Spain),Soria (Spain),Sevilla (Spain), Teruel

(Spain), Toledo (Spain),Valladolid (Spain),Valencia
(Spain),Zamora (Spain),Zaragoza (Spain)



(Spain),Valladolid (Spain),Valencia (Spain),Zamora
(Spain),Zaragoza (Spain)

Amnat Charoen (Thailand),Kalasin (Thailand),Maha

South- . Sarakham (Thailand),Nakhon Phanom

East |3 gﬂgﬁ;ﬁdh)ag‘;f;‘ugshaak'Lac;‘nd)(%f]zw;rfg;aka“ 9 (Thailand),Nonthaburi (Thailand),Roi Et

Asia ' (Thailand),Samutprakan (Thailand),Samut Sakhon

(Thailand),Tak (Thiland)
Central
Medium  Americ | 0 1 Panama (Panama)

a

Central Brno ((;zech Republic),Ostrava (F:zech Brno ((;zech Republic),Ostrava (_Czech

Europe 5 Republic),Prague (Czech Republic), Lausanne 5 Republic),Prague (Czech Republic), Geneve
(Switzerland), Luzern (Switzerland) (Switzerland), Lausanne (Switzerland)
Aichi (Japan),Chiba (Japan),Fukuoka (Japan), Ibaraki

East 9 (Japan), Kagawa (Japan), Kanagawa (Japan), Saitama 5 Aichi (Japan),Chiba (Japan),Kanagawa

Asia (Japan), Daejeon (South Korea), Tongyeong (South (Japan),Okinawa (Japan),Saitama (Japan)
Korea)

Middle-

East 0 0

Asia
Halifax (Canada),Hamilton (Canada),Kingston Hamilton (Canada),Kingston (Canada),Kitchener -
(Canada),Kitchener - Cambridge - Waterloo Cambridge - Waterloo (Canada),London Ontario
(Canada),London Ontario (Canada),Oakville (Canada),Oakville (Canada),Oshawa (Canada),Ottawa
(Canada),Oshawa (Canada),Sarnia (Canada),Saint (Canada),Sarnia (Canada),Sault Ste. Marie
John NB (Canada),St. John's NFL (Canada),Sault Ste. (Canada), Thunder Bay (Canada),Victoria
Marie (Canada),Victoria (Canada),Windsor (Canada), (Canada),Vancouver (Canada), Baton Rouge, LA
Buffalo, NY (USA),Baton Rouge, LA (USA),Chicago, IL (USA),Columbus, OH
(USA),Chicago, IL (USA),Columbus, OH (USA),Columbia, SC (USA),Des Moines, IA

North (USA),Columbia, SC (USA),Des Moines, IA (USA),Detroit, MI (USA),Daytona Beach, FL

Americ | 52 (USA),Detroit, MI (USA),Daytona Beach, FL 45 (USA),Dayton, OH (USA),Fort Pierce-Port St. Lucie,

a (USA),Fort Pierce-Port St. Lucie, FL (USA),Grand FL (USA),Grand Rapids, MI (USA),Houston, TX

Rapids, MI (USA),Houston, TX (USA),Indianapolis,
IN (USA),Jacksonville, FL (USA),Kansas City, MO-
KS (USA),Little Rock, AR (USA),Madison, WI
(USA),Melbourne-Titusville-Palm Bay, FL
(USA),Milwaukee, WI (USA),Memphis, TN
(USA),Minneapolis-St. Paul, MN (USA),Mobile, AL
(USA),Myrtle Beach, SC (USA),Nashville, TN
(USA),Ocala, FL (USA),Omaha, NE (USA),Orlando,
FL (USA),Pensacola, FL (USA),Rockford, IL

6

(USA),Indianapolis, IN (USA),Jacksonville, FL
(USA),Kansas City, MO-KS (USA),Louisville, KY
(USA),Madison, WI (USA),Milwaukee, WI
(USA),Memphis, TN (USA),Minneapolis-St. Paul,
MN (USA),Ocala, FL (USA),Omaha, NE
(USA),Pensacola, FL (USA),Portland, OR
(USA),Rockford, IL (USA),Saginaw, Ml
(USA),Shreveport, LA (USA),Sarasota-Bradenton, FL
(USA),St. Louis, MO-IL (USA),Seattle, WA
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30

(USA),Scranton--Wilkes-Barre--Hazleton, PA
(USA),Saginaw, MI (USA),Shreveport, LA
(USA),Sarasota-Bradenton, FL (USA),St. Louis, MO-
IL (USA),Seattle, WA (USA), Tampa-St. Petersburg-
Clearwater, FL (USA),Toledo, OH (USA), Tulsa, OK
(USA),Virginia Beach, VA (USA),Wichita, KS
(USA)

Narva linn (Estonia), Helsinki (Finland), Gothenburg
(Sweden), Malmo (Sweden), Stockholm (Sweden),
Bedford (UK),Brighton and Hove (UK),Basildon
(UK),Chelmsford (UK),Cheltenham
(UK),Chesterfield (UK),Colchester (UK),Cambridge
(UK),Cardiff (UK),Crawley (UK),Coventry
(UK),Doncaster (UK),Eastbourne (UK),Exeter
(UK),Gloucester (UK),Hastings (UK),Lincoln
(UK),Milton Keynes (UK),Mansfield
(UK),Northampton (UK),Norwich (UK),Oxford
(UK),Plymouth (UK),Peterborough (UK),Reading
(UK),Sheffield (UK),Sunderland (UK),Stoke-on-
Trent (UK),Swindon (UK),Wigan (UK),Worcester
(UK),Warrington (UK),York (UK)

Buffalo City (South Africa),Ehlanzeni (South
Africa),eThekwini (South Africa),Gert Sibande
(South Africa),Mopani (South Africa),0.R.Tambo
(South Africa),Sisonke (South Africa),Zululand
(South Africa)

Cali (Colombia), Medellin (Colombia), Guayaquile
(Ecuador), Quito (Ecuador)

Coimbra (Portugal), Porto (Portugal), Girona (Spain),
Ourense (Spain)

Buri Ram (Thailand),Chachoengsao (Thailand),Chon
Buri (Thailand),Chiang Mai (Thailand),Khon Kaen
(Thailand),Kalasin (Thailand),Kanchanaburi
(Thailand),Lop Buri (Thailand),Maha Sarakham
(Thailand),Mukdahan (Thailand),Nong Bua Lam Phu
(Thailand),Nakhon Ratchasima (Thailand),Nakhon
Sawan (Thailand),Nakhon Phanom
(Thailand),Nakhon Pathom (Thailand),Nong Khai
(Thailand),Nonthaburi (Thailand),Phichit

36

43

(USA), Tampa-St. Petersburg-Clearwater, FL
(USA),Toledo, OH (USA),Tulsa, OK (USA),Virginia
Beach, VA (USA)

Narva linn (Estonia), Tallinn (Estonia), Bedford
(UK),Brighton and Hove (UK),Basildon
(UK),Chelmsford (UK),Cheltenham
(UK),Chesterfield (UK),Colchester (UK),Cambridge
(UK),Cardiff (UK),Crawley (UK),Coventry
(UK),Doncaster (UK),Derby (UK),Eastbourne
(UK),Exeter (UK),Gloucester (UK),Hastings
(UK),Lincoln (UK),Maidstone (UK),Milton Keynes
(UK),Mansfield (UK),Northampton (UK),Norwich
(UK),Oxford (UK),Plymouth (UK),Peterborough
(UK),Reading (UK),Sunderland (UK),Stoke-on-Trent
(UK),Swindon (UK),Wigan (UK),Worcester
(UK),Warrington (UK),York (UK)

Gert Sibande (South Africa),Mopani (South
Africa),Nkangala (South Africa),Nelson Mandela Bay
(South Africa), Thabo Mofutsanyane (South Africa)

Barranquilla (Colombia),Cartagena
(Colombia),Medellin (Colombia), San Jose (Costa
Rica), Guayaquil (Ecuador), Quito (Ecuador)

Barcelona (Spain), Leon (Spain)

Buri Ram (Thailand),Chachoengsao (Thailand),Chon
Buri (Thailand),Chiang Mai (Thailand),Chiang Rai
(Thailand),Chanthaburi (Thailand),Chaiyaphum
(Thailand),Khon Kaen (Thailand),Kamphaeng Phet
(Thailand),Kanchanaburi (Thailand),Lamphun
(Thailand),Lampang (Thailand),Lop Buri
(Thailand),Mukdahan (Thailand),Nan
(Thailand),Nong Bua Lam Phu (Thailand),Nakhon
Ratchasima (Thailand),Nakhon Sawan




(Thailand),Prachin Buri (Thailand),Pathum Thani
(Thailand),Roi Et (Thailand),Suphanburi
(Thailand),Si Sa Ket (Thailand),Surin (Thailand), Tak
(Thailand),Ubon Ratchathani (Thailand),Udon Thani
(Thailand),Yasothon (Thailand), Taichung (Taiwan),
Taipei (Taiwan)

(Thailand),Nakhon Pathom (Thailand),Nong Khai
(Thailand),Phayao (Thailand),Phetchabun
(Thailand),Phetchaburi (Thailand),Phichit
(Thailand),Phitsanulok (Thailand),Prachin Buri
(Thailand),Prachuap Khiri Khan (Thailand),Pathum
Thani (Thailand),Ratchaburi (Thailand),Rayong
(Thailand),Sa Kaeo (Thailand),Sukhothai
(Thailand),Sakon Nakhon (Thailand),Suphanburi
(Thailand),Saraburi (Thailand),Si Sa Ket
(Thailand),Surin (Thailand), Trang (Thailand),Ubon
Ratchathani (Thailand),Udon Thani
(Thailand),Uttaradit (Thailand),Yasothon
(Thailand), Taipei (Taiwan)

High
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a
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64

Panama (Panama)

South Bohemia (Czech Republic), Bern
(Switzerland),Lugano (Switzerland), St. Gallen
(Switzerland)

Akita (Japan),Aomori (Japan),Ehime
(Japan),Fukushima (Japan),Fukui (Japan),Gifu
(Japan),Gunma (Japan),Hokkaido (Japan),Hiroshima
(Japan),Hyogo (Japan),Ishikawa (Japan),lwate
(Japan),Kagoshima (Japan),Kumamoto (Japan),Kochi
(Japan),Kyoto (Japan),Mie (Japan),Miyagi
(Japan),Miyazaki (Japan),Nagano (Japan),Nara
(Japan),Nagasaki (Japan),Niigata (Japan),Oita
(Japan),Okinawa (Japan),Okayama (Japan),Saga
(Japan),Shiga (Japan),Shimane (Japan),Shizuoka
(Japan),Tochigi (Japan), Tokushima (Japan), Toyama
(Japan), Tottori (Japan),Wakayama
(Japan),Yamaguchi (Japan),Yamagata
(Japan),Yamanashi (Japan), Boryeong (South
Korea),Chuncheon (South Korea),Chungju (South
Korea),Cheonan (South Korea),Donghae (South
Korea),Geojae (South Korea),Gangneung (South
Korea),Gumi (South Korea),Gwangju (South
Korea),Icheon (South Korea),Jecheon (South
Korea),Jeju (South Korea),Jeongeup (South
Korea),Milyang (South Korea),Mungyeong (South

8

67

South Bohemia (Czech Republic), Bern
(Switzerland),Lugano (Switzerland),Luzern
(Switzerland),St. Gallen (Switzerland)

Akita (Japan),Aomori (Japan),Ehime
(Japan),Fukushima (Japan),Fukuoka (Japan),Fukui
(Japan),Gifu (Japan),Gunma (Japan),Hokkaido
(Japan),Hiroshima (Japan),Hyogo (Japan),lbaraki
(Japan),Ishikawa (Japan),lwate (Japan),Kagawa
(Japan),Kagoshima (Japan),Kumamoto (Japan),Kochi
(Japan),Kyoto (Japan),Mie (Japan),Miyagi
(Japan),Miyazaki (Japan),Nagano (Japan),Nara
(Japan),Nagasaki (Japan),Niigata (Japan),Oita
(Japan),Okayama (Japan),Saga (Japan),Shiga
(Japan),Shimane (Japan),Shizuoka (Japan), Tochigi
(Japan), Tokushima (Japan), Toyama (Japan), Tottori
(Japan),Wakayama (Japan),Yamaguchi
(Japan),Yamagata (Japan),Yamanashi (Japan),
Boryeong (South Korea),Chuncheon (South
Korea),Chungju (South Korea),Cheonan (South
Korea),Daejeon (South Korea),Donghae (South
Korea),Geojae (South Korea),Gangneung (South
Korea),Gumi (South Korea),Gwangju (South
Korea),Icheon (South Korea),Jeju (South
Korea),Jeongeup (South Korea),Milyang (South



Middle-
East
Asia

North
Americ
a

North
Europe

South
Africa

38

Korea),Namwon (South Korea),Pohang (South
Korea),Seosan (South Korea),Seogyupo (South
Korea),Sokcho (South Korea), Taebaek (South
Korea),Ulsan (South Korea),Wonju (South
Korea),Yeosu (South Korea),Yoengcheon (South
Korea),Yeongju (South Korea)

Montreal (Canada), Niagara (Canada),Birmingham,
AL (USA),Boston, MA (USA),Charleston, WV
(USA),Charlotte, NC (USA),Chattanooga, TN
(USA),Cleveland, OH (USA),Cincinnati, OH
(USA),Dayton, OH (USA),Erie, PA (USA),Flint, Ml
(USA),Fort Worth-Arlington, TX (USA),Greensboro,
NC (USA),Greenville, SC (USA),Hartford, CT
(USA),Knoxville, TN (USA),Lakeland-Winter
Haven, FL (USA),Lancaster, PA (USA),Lansing, Ml
(USA),Louisville, KY (USA),Nashua, NH
(USA),Newburgh, NY (USA),Philadelphia, PA-NJ
(USA),Portland, ME (USA),Providence-Fall River,
RI-MA (USA),Pittsburgh, PA (USA),Rochester, NY
(USA),Reading, PA (USA),Raleigh, NC
(USA),Springfield, MA (USA),Syracuse, NY
(USA),Trenton, NJ (USA),Utica-Rome, NY
(USA),Worcester, MA (USA),Washington, DC-MD-
VA (USA),Youngstown-Warren, OH (USA),York,
PA (USA)

Tartu linn (Estonia), Burnley (UK),Maidstone
(UK),Newport (UK),Preston (UK),Swansea (UK)

iLembe (South Africa), Ugu (South Africa)

45

Korea),Mungyeong (South Korea),Namwon (South
Korea),Pohang (South Korea),Seosan (South
Korea),Seogyupo (South Korea),Sokcho (South
Korea), Taebaek (South Korea), Tongyeong (South
Korea),Ulsan (South Korea),Wonju (South
Korea),Yeosu (South Korea),Yoengcheon (South
Korea),Yeongju (South Korea)

Halifax (Canada),Montreal (Canada),Niagara
(Canada),Saint John NB (Canada),St. John's NFL
(Canada), Buffalo, NY (USA),Birmingham, AL
(USA),Boston, MA (USA),Charleston, WV
(USA),Charlotte, NC (USA),Chattanooga, TN
(USA),Cleveland, OH (USA),Cincinnati, OH
(USA),Erie, PA (USA),Flint, MI (USA),Fort Worth-
Arlington, TX (USA),Greensboro, NC
(USA),Greenville, SC (USA),Hartford, CT
(USA),Knoxville, TN (USA),Lakeland-Winter Haven,
FL (USA),Lancaster, PA (USA),Lansing, Ml
(USA),Little Rock, AR (USA),Mobile, AL
(USA),Myrtle Beach, SC (USA),Nashua, NH
(USA),Nashville, TN (USA),Newburgh, NY
(USA),Philadelphia, PA-NJ (USA),Portland, ME
(USA),Providence-Fall River, RI-MA
(USA),Pittsburgh, PA (USA),Rochester, NY
(USA),Reading, PA (USA),Raleigh, NC
(USA),Scranton--Wilkes-Barre--Hazleton, PA
(USA),Springfield, MA (USA),Syracuse, NY
(USA),Trenton, NJ (USA),Utica-Rome, NY
(USA),Worcester, MA (USA),Washington, DC-MD-
VA (USA),Youngstown-Warren, OH (USA),York,
PA (USA)

Tartu linn (Estonia), Helsinki (Finland), Gothenburg
(Sweden), Stockholm (Sweden), Burnley
(UK),Newport (UK),Preston (UK),Sheffield
(UK),Swansea (UK)

Buffalo City (South Africa),Ehlanzeni (South
Africa),eThekwini (South Africa),iLembe (South



South
Americ

South
Europe

South-
East
Asia
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Cartagena (Colombia), San Jose (Costa Rica)

Lugo (Spain)

Cebu (Philippines),Manila (Philippines),Quezon
(Philippines),Chumphon (Thailand),Chiang Rai
(Thailand),Chanthaburi (Thailand),Chaiyaphum
(Thailand),Kamphaeng Phet (Thailand),Krabi
(Thailand),Lamphun (Thailand),Lampang
(Thailand),Nan (Thailand),Nakhon Si Thammarat
(Thailand),Narathiwat (Thailand),Phayao
(Thailand),Phetchabun (Thailand),Phetchaburi
(Thailand),Phrae (Thailand),Phitsanulok
(Thailand),Prachuap Khiri Khan (Thailand),Pattani
(Thailand),Ratchaburi (Thailand),Rayong
(Thailand),Sa Kaeo (Thailand),Sukhothai
(Thailand),Sakon Nakhon (Thailand),Songkhla
(Thailand),Saraburi (Thailand),Surat Thani
(Thailand), Trang (Thailand),Uttaradit (Thailand),Yala
(Thailand), Kaohsiung (Taiwan)

14

Africa),0.R.Tambo (South Africa),Sisonke (South
Africa),Ugu (South Africa),Zululand (South Africa)

Girona (Spain),Lugo (Spain),Ourense (Spain)

Cebu (Philippines),Manila (Philippines),Quezon
(Philippines), Chumphon (Thailand),Krabi
(Thailand),Nakhon Si Thammarat
(Thailand),Narathiwat (Thailand),Phrae
(Thailand),Pattani (Thailand),Songkhla
(Thailand),Surat Thani (Thailand),Yala (Thailand),
Kaohsiung (Taiwan), Taichung (Taiwan)

Name of locations indicated as “location hame (country name)”

10



Table S2. Basic summary of the potential meta-predictors for different greenspace groups

EVI NDVI

Low Medium High Low Medium High
Latitude (°) 25.74 33.46 31.62 | 25.58 32.24 32.90
Summer mean temperature (°C) 21.79 21.82 23.80 | 22.34 22.35 22.74
Temperature range (°C) 3.63 3.86 4.00 3.59 3.60 4.32
Humidity (%) 67.28 72.51 70.9 67.61 72.86 70.58
Gross domestic product (GDP) per capita (US$) | 28,805 30,340 29,753 | 28,121 28,016 32,690
Population density (persons per km?) 4274 2829 2406 4026 3336 2362
PMzs (Hg/m?) 11.23 12.05 1550 | 11.50 11.96 14.70
NO; (10" molecules/cm?) 2.68 3.33 2.50 2.67 3.08 2.78
Unemployment rate (%) 14.50 7.55 4.90 14.20 7.34 6.10
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Table S3. The effect and p-value for each meta-predictor in meta-regression

Estimate p-value
Latitude (°) -0.0039 <0.001
Summer mean temperature (°C) 0.0172  0.003
Temperature range (°C) 0.0179 <0.001
Humidity (%) 0.0087 0.06
Gross domestic product (GDP) per capita (US$) | -0.0021  0.003
Population density (persons per km?) 0.0001  0.004
PM2s (ug/md) 0.0109  0.051
NO; (10" molecules/cm?) 0.0124  0.19
Unemployment rate (%) 0.0027 0.35

The estimate and p-value represents as the regression coefficient estimates and the p-value from
the 2" stage regression, separately for each variable. Summer mean temperature, temperature
range, GDP, and population density controlled for in the main analyses (latitude was omitted, since
the random effects for the indicator obtained by the combination of climate zones and country was
considered) These results are not comparable to the results in Sera 20193, since it has been adjusted
for mean and range of temperature and they considered the whole season, whereas in this study
we have analyzed the effect using a separate regression for the warm months only.

12



Table S4. Summary of the study periods, number of deaths/day, and mean temperatures in
the 24 countries/regions.

Comyl o Sy i ol s
cities o Maximum all-cause ar y
Total 452 i (2454721) 14.07,30.18  19.3 5.0 22
Canada 24 22%0105' (127.6746) 14.51,21.22 12.8 4.1 1.0
Colombia 5 e (253_'9826) 1407,28.71 332 9.2 36
Costa Rica 1 22%0107 23.33 () - 4.7 1.4 0.4
ngﬂg"c 4 22%0105 (107.'9506) 16.62,18.73 205 9.8 11
Ecuador 2 22%11‘; (281.'2419) 15.69,27.29 312 9.1 38
Estonia 3 P, (15'3337) 15.02, 15.68 5.5 27 0.1
Finland 1 15930 i 19.3 6.8 0.9
France 18 o0 (12?332) 1669,2321 156 3.8 0.8
Greece 1 22%% 27.15 (-) - 74.5 34.5 7.1
Iran 1 22%(125 25.88 (-) - 335 10.7 1.6
Japan a2 (214 '6897) 19.89,2822 576 15.8 8.3
Korea 4 (213 0432) 19.46,25.05 105 23 0.7
Mexico 4 22%01(1 (253.'9147) 15.74,28.71 233 6.2 18
Panama 1 22%11% 28.62 () i 7.7 26 0.6
Philippines 3 22%01%' (209_'5207) 28.86, 29.83 41.3 12.8 4.8
Portugal 4 22%01% (211_'7096) 19.23,23.07  26.1 78 26
,SA(])‘lrJiTa 42 22%01% (222_'3371) 15.04,2756  21.3 4.0 3.1
Spain 37 22%01%' (223_'5001) 17.73,27.17 6.5 2.0 0.7
gv"itze”a” 7 22%01% (11?'5253) 15.96, 20.87 3.2 11 0.2

13



Sweden 3 e (106&7) 1641,1653 226 8.9 15
Thailand 60 S0 (208_'6948) 27.29,30.18 73 12 0.9
Taiwan 3 P (208.'2681) 2829,2882 528 11.0 5.3
UK 52 22%01% (106_'5066) 14.39,17.19 7.4 24 0.9
USA 95 22%%% (233.'1593) 17.18,29.60 185 5.5 17

[T 3K1

indicates there was only one city for the specific country. s.d. for standard deviation. Mean

values refer to the average of city-specific values for cities within each country/region. Minimum
and maximum refer to the lowest and highest city-specific values for cities within that

country/region.

14



Table S5. Summary of the greenspace in the 24 countries/regions.

EVI NDVI
Country/Region Mean (s.d.) Mlnlmum, Mean (s.d.) Mml_mum,
Maximum Maximum

Total 0.338 (0.102) 0.094, 0.515 0.526 (0.149) 0.131, 0.697
Canada 0.339 (0.054) 0.250, 0.466 0.545 (0.079) 0.405, 0.684
Colombia 0.325 (0.086) 0.199, 0.439 0.496 (0.116) 0.310, 0.620
Costa Rica 0.451 (-) - 0.619 (-) -

Czech Republic 0.385 (0.044) 0.327,0.433 0.609 (0.073) 0.531, 0.704
Ecuador 0.364 (0.019) 0.350, 0.377 0.545 (0.010) 0.538, 0.552
Estonia 0.364 (0.081) 0.295, 0.454 0.619 (0.076) 0.558, 0.704
Finland 0.366 (-) - 0.670 (-) -

France 0.235 (0.032) 0.179, 0.300 0.399 (0.054) 0.303, 0.498
Greece 0.119 (-) - 0.174 (-) -

Iran 0.094 (-) - 0.131 (-) -

Japan 0.444 (0.055) 0.256, 0.542 0.697 (0.075) 0.451, 0.793
Korea 0.422 (0.080) 0.207, 0.504 0.649 (0.118) 0.356, 0.772
Mexico 0.213 (0.058) 0.129, 0.267 0.343 (0.064) 0.260, 0.416
Panama 0.419 (-) - 0.584 (-) -

Philippines 0.515 (0.079) 0.437, 0.595 0.693 (0.065) 0.622, 0.753
Portugal 0.283 (0.071) 0.189, 0.344 0.478 (0.127) 0.323, 0.593
South Africa 0.264 (0.095) 0.082 0.454 0.451 (0.150) 0.144,0.730
Spain 0.237 (0.066) 0.109, 0.453 0.387 (0.117) 0.164, 0.731
Switzerland 0.391 (0.096) 0.239, 0.547 0.624 (0.118) 0.431, 0.763
Sweden 0.353 (0.022) 0.329, 0.373 0.622 (0.096) 0.512, 0.694
Thailand 0.412 (0.059) 0.242, 0.555 0.566 (0.069) 0.383, 0.777
Taiwan 0.391 (0.044) 0.342,0.429 0.607 (0.062) 0.536, 0.648
UK 0.355 (0.071) 0.051, 0.512 0.544 (0.084) 0.108, 0.698
USA 0.373 (0.080) 0.142, 0.488 0.569 (0.124) 0.189, 0.749

“-*“ indicates there was only one city for the specific country. s.d. for standard deviation. Mean
values refer to the average of city-specific values for cities within each country/region. Minimum
and maximum refer to the lowest and highest city-specific values for cities within that
country/region.
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Table S6. Association between NDVI1 and heat-related mortality relative risk and overall pooled heat-
mortality relative risk by different level of NDVI for cause specific mortality. Association between
greenspace and heat-mortality risk is presented as a percentage change in heat-related RR per interquartile
range increase in greenspace (IQR: 0.194 (NDV1)), where heat-related mortality risk refers to the mortality
risk at the 99" percentile of the warm season temperature vs mortality risk at the minimum mortality

temperature (MMT); values: RR (95% confidence interval).

% change in

. Heat-mortality relative risk
Cause specific heat-mortality
mortality relative risk per booled Low Medium High
IQR NDVI Greenspace Greenspace Greenspace
-6.6 (-12.6, - 1.29 (1.23, 1.50 (1.35, 1.18 (1.12,
Al 0.1) 1.36) 1.67) 1.22 (113, 1.32) 1.24)
. -16.3(-27.1,- 1.37 (1.27, 1.57 (1.35, 1.25(1.16,
Cardiovascular 3.9) 1.47) 1.82) 1.29 (1.14, 1.46) 1.34)
. ] _ 1.34 (1.22, 1.61 (1.32, 1.20 (1.09,
Respiratory  -4.6 (-14.7, 6.6) 1.47) 1.97) 1.27 (1.06, 1.53) 1.32)
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Table S7. Attributable fraction change by different NDVI scenarios for cause specific
mortality. Heat-related attributable fraction caused by temperature over MMT; heat-related
attributable fraction by different greenspace scenarios: 1) 1% increase (range: 0.001, 0.008), 2)
10% increase (range: 0.01, 0.08), and 3) 20% increase (range: 0.02, 0.15); values: % decrease in
AF (95% confidence interval).

Greenspace scenarios

Pooled
1% increase 10% increase 20% increase
All 2.47(2.26,2.69)  -05(-0.5,-0.4)  -4.8(-4.9,-4.7) -9.2 (-9.4, -9.1)
Cardiovascular  2.96 (2.68, 3.26) -0.7 (-0.8, -0.5) -6.4 (-6.5, -6.3) -11.9 (-12.1, -11.8)
Respiratory 3.92(3.54,433)  -08(-09,-0.7)  -7.2(-7.3,-7.1) -13.5 (-13.6, -13.4)
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Table S8. Excess deaths by different greenspace scenarios for cause specific mortality. Heat-related attributable deaths caused by
temperature over MMT per year among 24 countries; values: % decrease in AF (95% confidence interval); Excess heat-related
attributable deaths by different greenspace scenarios: 1) 1% increase (EVI range: 0.0005, 0.006; NDVI range: 0.001, 0.008), 2) 10%
increase (0.005, 0.06; 0.01, 0.08), and 3) 20% increase (0.01, 0.11; 0.02, 0.15); values: % decrease in AF (95% confidence interval).

Cause-specific ~ Pooled attributable EVI NDVI
mortality deaths 1% increase 10% increase 20% increase 1% increase 10% increase 20% increase
499 (50, - -4838 (- 51.3 (514, - -495.9 (-496.7,
Al 10323 (10308, 10338) o' 1806 4531 933(934,-939) o 4952) 955 (-956, -954)
Cardiovascular 13743 (13718, 13767) 8%75 (874, - 8%38(; (831, - 1%5773 (1576, - 93424)' (946, - 889923; (895, - 1%%%? (1688, -
] -96.3 (-96.6, - -909 (-910, - -1709 (-1712, - -105.7 (-105.9, -990 (-992, - -1850 (-1853, -
Respiratory 14042 (14018, 14067) 96.2) ( 907) ( 1706) ( _105_2)( 988) ( 1846) (
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Table S9. Overall pooled heat-mortality relative risk by different level of greenspace for cause specific mortality by different
relative risk scenarios. Scenario 1: Heat-related RR as 99" temperature percentile vs 75" temperature percentile, and Scenario 2: Heat-
related RR as 99" temperature percentile vs 90" temperature percentile. 151 cities in high greenspace group (EVI > 0.42; NDVI1> 0.62),
150 cities in medium (0.33<EVI <0.42; 0.51< EVI <0.62), and 151 cities in low greenspace group (EVI < 0.33; NDVI < 0.51); values:

RR (95% confidence interval).

Cause specific
mortality

Pooled

Low EVI

Medium EVI

High EVI

Low NDVI

Medium NDVI

High NDVI

Heat-mortality relative risk (99" vs 90')

All
Cardiovascular

Respiratory

1.08 (1.05, 1.10)
1.07 (1.04, 1.11)

1.06 (1.0, 1.10)

1.34 (1.20, 1.49)
1.43 (1.22, 1.67)

1.44 (1.15, 1.80)

1.18 (1.09, 1.27)
1.23 (1.10, 1.38)

1.16 (0.96, 1.40)

1.13 (1.08, 1.19)
1.16 (1.08, 1.25)

1.13 (1.03, 1.25)

1.38 (1.24, 1.53)
1.47 (1.26, 1.70)

1.46 (1.17,1.81)

1.17 (1.08, 1.26)
1.21 (1.06, 1.38)

1.15 (0.95, 1.40)

1.12 (1.07, 1.17)
1.15 (1.08, 1.24)

1.14 (1.03, 1.25)

Heat-mortality relative risk (99™ vs 75

All
Cardiovascular

Respiratory

1.10 (1.07, 1.13)
1.10 (1.06, 1.14)

1.09 (1.04, 1.14)

1.42 (1.27, 1.59)
1.52 (1.29, 1.78)

1.61 (1.28, 2.03)

1.18 (1.09, 1.27)
1.32 (1.18, 1.48)

1.24 (1.01, 1.51)

1.17 (1.11, 1.24)
1.23 (1.13, 1.34)

1.20 (1.07, 1.33)

1.47 (1.32, 1.64)
1.56 (1.33, 1.82)

1.62 (1.29, 2.04)

1.21(1.12, 1.32)
1.29 (1.13, 1.47)

1.24 (1.01, 1.53)

1.16 (1.10, 1.22)
1.23(1.13,1.32)

1.20 (1.08, 1.33)
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Table S10. Association between EVI / NDVI and heat-related all-cause mortality risk by different parameter adjustments.
Scenario 1: adjusting for city-specific average temperature, city-specific temperature range, and population density as meta-predictors,
Scenario 2: adjusting for city-specific average temperature, city-specific temperature range, and GDP as meta-predictors, Scenario 3:
adjusting for city-specific average temperature, city-specific temperature range, and PM2 s as meta-predictors, Scenario 4: adjusting for
city-specific average temperature and city-specific temperature range as meta-predictors, Scenario 5: adjusting for region as categorical
variable. city-specific average temperature, and city-specific temperature range as meta-predictors, and Scenario 6: adjusting for Gini
index. city-specific average temperature, and city-specific temperature range as meta-predictors in a multivariate meta-regression;

Pooled Heat-related RR as 99" temperature percentile vs MMT; values: RR (95% confidence interval).

Scenarios

Pooled

Low EVI

Medium EVI

High EVI

Low NDVI

Medium NDVI

High NDVI

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

1.33 (1.24, 1.42)
1.21 (1.09, 1.35)
1.51 (1.14, 2.00)
1.43 (1.25, 1.64)
1.32 (1.25, 1.41)

1.17 (1.05, 1.31)

1.63 (1.40, 1.90)
1.58 (1.16, 2.16)
1.69 (1.06, 2.69)
1.90 (1.02, 3.53)
151 (1.38, 1.67)

1.48 (1.27, 1.61)

1.27 (1.15, 1.42)
1.31 (1.12, 1.52)
1.48 (1.12, 1.95)
1.49 (1.01, 2.30)
1.34 (1.13, 1.54)

1.29 (1.05, 1.42)

1.13 (1.04, 1.23)
1.16 (1.01, 1.33)
1.22 (1.01, 1.50)
1.11 (0.90, 1.40)
1.12 (0.89, 1.31)

1.14 (1.00, 1.31)

1.69 (1.46, 1.96)
1.57 (1.15, 2.14)
1.67 (1.05, 2.59)
2.08 (1.14, 3.81)
1.67 (1.42, 1.84)

1.49 (1.29, 1.62)

1.25 (1.11, 1.41)
1.24 (1.07, 1.43)
1.45 (1.15, 1.91)
1.60 (1.00, 2.50)
1.28 (1.03, 1.47)

1.24 (1.02, 1.41)

1.12 (1.04, 1.20)
1.16 (1.00, 1.35)
1.21 (1.02, 1.48)
1.28 (1.01, 1.57)
1.17 (0.99, 1.31)

1.13 (1.00, 1.28)
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Figure S1. Map of the 452 cities/locations and values of NDVI included in the analysis. Note: The locations
represent metropolitan areas, provinces, or larger areas from 24 countries. Each color represents different range of
the average NDVI value shown in Table S2; and different ranges of average daily mean temperature shown in Table
S1. High greenspace group (NDVI > 0.62), medium (0.51< NDVI <0.62), and low greenspace group (NDVI <0.51);
High temperature group (Ta > 24.9), medium (20.6< T, <24.9), and low temperature group (T <20.6).
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Figure S2. Correlation between EVI and NDVI by two temperature strata. The temperature
strata (22.71 °C) are based on the mean value across all 452 cities.
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Figure S3. Overall cumulative temperature-mortality relationship by different NDVI level.

The pooled relative risk was centered at the median temperatures (22.1°C); High greenspace
group (NDVI > 0.62), medium (0.51< NDVI <0.62), and low greenspace group (NDVI <0.51).
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