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Appendix A. Additional information on the MCC dataset for the Central and South American 

countries. 

 

Country Country Period Mortality Data Temperature Data 

Argentina 3 cities 2005-2015 Non-external causes  
(ICD-9: 0-799; ICD-10: A00-R99). 
Provided by the National Ministry 
of Health. 

Mean daily temperature (in ˚C) 
computed as the 24-hour average 
based on hourly measurements from 
one meteorological station in each 
city provided by the National 
Weather Service. 

Brazil 18 cities 1997-2011 Non-external causes  
(ICD-9: 0-799; ICD-10: A00-R99.) 
Provided by the Ministry of Health. 

Mean daily temperature (in ˚C) 
computed from the 24-hour average 
of hourly measurements, from 
weather stations located within the 
urban area provided by the National 
Institute of Meteorology of Brazil. 

Chile 4 cities 2004-2014 All causes.  
Provided by the Departamento de 
Estadísticas e Información de 
Salud, Ministerio de Salud. 

Mean daily temperature (in ˚C), 
computed as the 24-hour average 
based on hourly measurements 
provided by the Sistema 
de Información Nacional de Calidad 
del Aire (SINCA), Ministerio del 
Medio Ambiente. 

Colombia 5 cities 1998-2013 All causes.  
Provided by the National 
Administrative Department of 
Statistics (DANE). 

Mean daily temperature (in ˚C), 
computed as 24-hour average based 
on hourly measurements provided by 
the Instituto de Hidrología, 
Meteorología y Estudios Ambientales 
de Colombia (IDEAM). 

Costa Rica 1 city 2000-2017 All causes.  
Provided by the Instituto Nacional 
de Estadística y Censo.  
[Open Access] 

Mean daily temperature (in ºC) 
obtained from WMO-NOAA (Surface 
Data Hourly Global, DS3505). 

Ecuador 2 cities 2014-2016 All causes.  
Provided by the Instituto Nacional 
de Estadística y Censos. 
[Open Access] 

Mean daily temperature (in ºC) 
obtained from WMO-NOAA (Surface 
Data Hourly Global, DS3505). 

Guatemala 1 city 2009-2016 All causes.  
Provided by the Instituto Nacional 
de Estadística, Unidad de 
Estadística de Salud. 

Mean daily temperature (in ˚C), 
provided by the Instituto Nacional de 
Sismología, Vulancología, 
Meteorología y Hidrología. 

Mexico 10 
metropolitan 
areas 

1998-2014 All causes.  
Provided by the National Institute 
of Statistics, Geography and 
Informatics. 

Mean daily temperature (in ˚C) 
computed as the 24-hour average 
based on hourly measurements 
collected through the Servicio 
Meteorológico Nacional (SMN) and 
the Instituto Nacional de Ecología y 
Cambio Climático (INECC). 

Overseas 
France 
territories  

3 departments 2000-2015 All-causes. 
Provided by the French National 
Institute of Health and Medical 
Research (Inserm -CepiDC). 

Mean daily temperature (in °C) 
provided by Météo-France for a 
reference station per study area, 
chosen to represent the exposure of 
the population. 

Panama 1 city 2013-2016 All causes.  
Provided by the Instituto Nacional 
de Estadística y Censo, Centro de 
Información Estadística. 

Mean daily temperature (in ˚C) 
provided by the Empresa de 
Transmisión Eléctrica, S.A. 
(ETESA). [Open Access] 
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Paraguay 1 city 2004-2016 All causes.  
Provided by the Ministerio de 
Salud Pública y Bienestar Social, 
Dirección General de Información 
Estratégica en Salud, Subsistema 
de Información de Estadísticas 
Vitales. 

Mean daily temperature (in ˚C) 
obtained from the Global Historical 
Climatology Network (NOAA/WMO). 

Peru 18 regions 2008-2014 All causes.  
Provided by the Peruvian Ministry 
of Health (MINSA). 

Mean daily temperature (in ˚C) 
obtained from the National 
Meteorology and Hydrology Service 
of Peru (SENAMHI). One station per 
Region contributed data to each 
department series. 

Puerto Rico 1 city 2009-2016 All causes. 
Provided by the Instituto de 
Estadísticas Vitales de Puerto 
Rico. 

Mean daily temperature (in ˚C) 
obtained from the Global 
Historical Climatology Network 
(NOAA/WMO). 

Uruguay 1 city 2012-2016 Non-external causes  
(ICD-9: 0-799; ICD-10: A00-R99). 
Provided by the Ministerio de 
Salud  Pública (MSP). 

Mean daily temperature (in ˚C) 
provided by the Instituto Uruguayo 
de Meteorología (INUMET) 
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Appendix B. Calculation of country-specific Values of a Life Year (VOLY). 

 
To ensure comparability between countries, we derived the Value of a Life Year (VOLY) from 

international income-adjusted country-specific estimates of the VSL.1  

The relation between a constant VOLY and the VSL at age j can be written as2:  

𝑉𝑆𝐿! = 𝑉𝑂𝐿𝑌∑ "!,#
($%&)!$#

(
)*!      (1) 

Where VSLj is the VSL for an individual of age j, d is a social discount rate (social rate of time 

preference), St,j is the survival probability at age t conditional on having survived until age j, and T is the 

maximum age an individual can reach. 

However, Equation (1) can be simplified by expressing the average VSL in the population as flow of 

discounted age-independent VOLY over the average loss of life expectancy (LLE)3,4: 

𝑉𝑆𝐿 = 𝑉𝑂𝐿𝑌∑ (1 + 𝛿)+),,-
)*.       (2) 

Therefore, for each country, we approximated the average citizen’s LLE in 2016 as the difference 

between median population age5 and life expectancy at birth6. We used a common annual social rate 

of time preference of 3% per year, based on the standard practices: 2.5% per year in French public 

policy3, 3% in official recommendations in the US7, Norway and The Netherlands, or 3.5 % in the United 

Kingdom8. 
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Figure S1. Location-specific overall cumulative exposure-response relationship. 

Exposure-response relationships computed as BLUP, with their 95% confidence intervals added as a grey area. The minimum mortality 

temperature (MMT) is added as a dotted line, and the 2.5th and 95.7th percentiles are added as dashed lines. 
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Table S1. Location-specific mortality risk and attributable fractions by cold and heat. 

Location-specific minimum mortality temperature (MMT) and percentile (MMTP), relative risk (RR), and attributable fraction (AF) of all cause-mortality by cold and heat. 

      Cold  Heat 
Country Location Climatic zone MMT (oC) MMTP (%)  RR 95% (CI) AF (%)  RR (95% CI) AF (%) 
Argentina Buenos Aires Temperate 23.7 80  1.31 (1.22 , 1.41) 8.83  1.18 (1.12 , 1.25) 1.20 
Argentina Cordoba Temperate 23.8 79  1.32 (1.21 , 1.45) 8.23  1.22 (1.13 , 1.32) 1.40 
Argentina Rosario Temperate 23.5 79  1.42 (1.30 , 1.56) 10.05  1.21 (1.13 , 1.30) 1.31 

Brazil Belo Horizonte Temperate 24.8 77  1.09 (1.04 , 1.14) 1.98  1.07 (1.03 , 1.13) 0.61 
Brazil Brasilia Tropical 23.8 82  1.13 (1.07 , 1.20) 3.12  1.05 (1.00 , 1.10) 0.40 
Brazil Curitiba Temperate 20.7 64  1.23 (1.16 , 1.31) 3.46  1.04 (0.99 , 1.09) 0.39 
Brazil Caratinga Tropical 24.4 73  1.17 (1.08 , 1.27) 3.49  1.05 (0.99 , 1.11) 0.41 
Brazil Divinopolis Temperate 23.1 52  1.17 (1.07 , 1.29) 2.64  1.03 (0.99 , 1.06) 0.57 
Brazil Fortaleza Tropical 27.3 39  1.17 (1.09 , 1.26) 1.69  1.04 (1.00 , 1.08) 2.34 
Brazil Juiz de Fora Temperate 23.1 78  1.12 (1.04 , 1.19) 3.55  1.04 (0.99 , 1.11) 0.08 
Brazil Londrina Temperate 24.6 64  1.17 (1.09 , 1.27) 2.63  1.10 (1.04 , 1.16) 0.86 
Brazil Maceio Tropical 25.9 54  1.09 (1.04 , 1.15) 1.25  1.05 (1.01 , 1.09) 0.72 
Brazil Palmas Tropical 28.4 60  1.12 (0.98 , 1.28) 1.64  1.08 (1.01 , 1.15) 1.10 
Brazil Porto Alegre Temperate 24.8 77  1.29 (1.21 , 1.37) 5.65  1.14 (1.08 , 1.20) 1.02 
Brazil Rio Branco Tropical 27.1 57  1.17 (1.08 , 1.26) 1.65  1.09 (1.03 , 1.14) 0.88 
Brazil Sao Luis Tropical 27.7 42  1.09 (0.99 , 1.21) 1.03  1.04 (0.98 , 1.09) 1.05 
Brazil Salvador Tropical 26.9 69  1.09 (1.01 , 1.18) 1.67  1.02 (0.96 , 1.08) 0.21 
Brazil Santa Maria Temperate 24.9 79  1.27 (1.16 , 1.40) 7.03  1.18 (1.10 , 1.26) 1.24 
Brazil Sao Paulo Temperate 22.5 59  1.26 (1.21 , 1.32) 3.56  1.05 (1.02 , 1.08) 0.65 
Brazil Teresopolis Temperate 21.8 62  1.19 (1.08 , 1.31) 2.92  1.04 (0.97 , 1.10) 0.40 
Brazil Vitoria Tropical 27.1 70  1.16 (1.06 , 1.26) 3.13  1.06 (1.01 , 1.12) 0.48 

Chile Chillan Temperate 18.7 82  1.27 (1.12 , 1.44) 7.92  1.14 (1.02 , 1.28) 0.90 
Chile Santiago Temperate 21.0 80  1.30 (1.19 , 1.41) 7.84  1.11 (1.03 , 1.18) 0.72 
Chile Temuco Temperate 15.7 84  1.25 (1.12 , 1.40) 8.64  1.08 (1.00 , 1.15) 0.59 
Chile Valparaiso Temperate 18.0 85  1.18 (1.06 , 1.32) 5.61  1.04 (0.97 , 1.10) 0.28 
Colombia Bogota Temperate 16.1 99  1.16 (1.02 , 1.33) 10.42  1.02 (0.99 , 1.06) -0.02 
Colombia Barranquilla Tropical 27.4 37  1.05 (0.95 , 1.16) 0.51  1.03 (0.97 , 1.09) 1.09 
Colombia Cali Tropical 24.3 39  1.08 (0.98 , 1.20) 0.98  1.02 (0.98 , 1.05) 0.80 
Colombia Cartagena Tropical 27.7 38  1.06 (0.95 , 1.19) 0.73  1.03 (0.98 , 1.09) 1.63 



 9 

Colombia Medellin Tropical 22.7 49  1.09 (1.00 , 1.18) 1.34  1.01 (0.96 , 1.05) 0.72 

Costa Rica San José Tropical 22.2 36  1.02 (0.91 , 1.14) 0.22  1.01 (0.96 , 1.05) 0.39 
Ecuador Guayaquil Tropical 29.0 99  1.19 (1.00 , 1.40) 5.30  1.01 (0.97 , 1.06) 0.00 
Ecuador Quito Temperate 18.0 98  1.08 (0.97 , 1.19) 2.77  1.00 (0.99 , 1.01) 0.02 
Guatemala Guatemala Temperate 21.0 86  1.09 (1.00 , 1.18) 2.60  1.01 (0.98 , 1.05) 0.12 

Mexico Ciudad Juarez Arid 26.8 76  1.49 (1.32 , 1.67) 10.64  1.25 (1.13 , 1.37) 1.55 
Mexico Comarca Lagunera Arid 28.3 76  1.39 (1.26 , 1.54) 8.06  1.27 (1.15 , 1.40) 1.83 
Mexico Guadalajara Temperate 21.6 56  1.24 (1.16 , 1.33) 3.85  1.05 (1.00 , 1.11) 0.86 
Mexico Leon Temperate 21.0 55  1.35 (1.25 , 1.45) 5.50  1.05 (0.98 , 1.13) 0.36 
Mexico Monterrey Arid 26.9 76  1.39 (1.27 , 1.53) 7.10  1.19 (1.10 , 1.29) 1.46 
Mexico Puebla-Tlaxcala Temperate 20.5 95  1.27 (1.17 , 1.39) 5.46  1.00 (0.98 , 1.03) 0.05 
Mexico San Luis Potosi Arid 20.6 80  1.27 (1.17 , 1.38) 5.10  1.09 (1.01 , 1.18) 0.62 
Mexico Tijuana Arid 21.0 76  1.27 (1.17 , 1.38) 6.43  1.10 (1.03 , 1.17) 0.54 
Mexico Toluca de Lerdo Temperate 18.2 97  1.28 (1.12 , 1.46) 8.24  1.00 (0.99 , 1.01) 0.03 
Mexico Valley of Mexico Temperate 18.5 83  1.24 (1.19 , 1.29) 4.40  1.04 (1.00 , 1.08) 0.28 
Overseas France French Guiana Tropical 26.6 27  1.05 (0.92 , 1.20) 0.41  1.02 (0.96 , 1.09) 1.24 
Overseas France Guadalupe Tropical 26.6 44  1.11 (0.97 , 1.27) 1.49  1.02 (0.96 , 1.08) 0.89 
Overseas France Martinique Tropical 26.8 39  1.06 (0.92 , 1.21) 0.70  1.03 (0.97 , 1.10) 1.01 
Panama Panama Tropical 27.8 38  1.07 (0.93 , 1.24) 0.77  1.03 (0.96 , 1.11) 1.37 
Paraguay Asuncion Temperate 27.6 77  1.40 (1.27 , 1.55) 6.92  1.19 (1.10 , 1.29) 1.41 
Peru Apurimac Temperate 18.3 96  1.06 (0.94 , 1.20) 3.72  1.00 (0.98 , 1.02) 0.02 
Peru Arequipa Arid 18.0 96  1.08 (0.97 , 1.21) 3.40  1.00 (0.99 , 1.01) 0.04 
Peru Ayacucho Temperate 13.9 99  1.07 (0.88 , 1.31) 5.90  1.00 (0.95 , 1.06) 0.00 
Peru Cajamarca Arid 17.8 99  1.06 (0.88 , 1.26) 5.06  1.01 (0.95 , 1.07) 0.00 
Peru Cusco Temperate 15.8 97  1.10 (0.92 , 1.30) 5.28  1.00 (0.98 , 1.02) 0.04 
Peru Huancavelica Polar 7.2 99  1.08 (0.88 , 1.33) 8.43  1.01 (0.97 , 1.06) 0.00 
Peru Huanuco Temperate 23.1 99  1.05 (0.89 , 1.25) 2.70  1.01 (0.97 , 1.04) -0.01 
Peru Ica Arid 24.5 77  1.13 (1.00 , 1.27) 3.31  1.09 (0.99 , 1.20) 0.70 
Peru Junin Polar 16.0 97  1.06 (0.89 , 1.26) 3.95  1.00 (0.99 , 1.01) 0.03 
Peru Lima Arid 21.6 80  1.06 (0.97 , 1.15) 2.45  1.03 (0.96 , 1.09) 0.22 
Peru La Libertad Arid 26.5 97  1.20 (1.02 , 1.42) 5.39  1.00 (0.99 , 1.01) 0.04 
Peru Lambayeque Arid 25.1 94  1.14 (0.97 , 1.35) 3.85  1.01 (0.97 , 1.06) 0.14 
Peru Loreto Tropical 26.7 33  1.08 (0.98 , 1.18) 0.68  1.07 (0.99 , 1.15) 1.35 
Peru Piura Arid 25.7 61  1.11 (0.98 , 1.25) 2.15  1.04 (0.96 , 1.11) 0.66 
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Peru Puno Polar 12.7 96  1.14 (0.95 , 1.37) 7.40  1.00 (0.98 , 1.03) 0.06 
Peru San Martin Tropical 25.3 99  1.08 (0.89 , 1.30) 3.13  1.01 (0.97 , 1.06) -0.01 
Peru Tacna Arid 22.8 91  1.11 (0.96 , 1.30) 4.07  1.02 (0.97 , 1.08) 0.07 
Peru Ucayali Tropical 26.2 50  1.07 (0.96 , 1.20) 0.76  1.07 (0.98 , 1.16) 0.72 
Puerto Rico San Juan Tropical 26.7 43  1.12 (1.00 , 1.26) 1.71  1.03 (0.98 , 1.08) 1.22 
Uruguay Montevideo Temperate 23.1 76  1.48 (1.35 , 1.61) 9.64  1.16 (1.08 , 1.24) 1.07 

 


