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Supplementary Figure 1: Provinces of Spain and the corresponding average daily mean temperature (°C), 1980-2016 
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a) All ages b) 60-74 years 
  

  
  

c) 75-89 years d) ≥ 90 years 
  

  
Supplementary Figure 2: Evolution of the number of deaths from respiratory diseases in Spain by age and sex, 1980-2016.  
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a) June-September b) October-May 
  

   
Supplementary Figure 3: Distribution of daily mean temperatures in Spain for June-September (A) October-May (B). 

0

2

4

6

8

10

12

4 8 12 16 20 24 28 32 36

Fr
eq

u
en

cy
 (%

)

Temperature (°C)

1980-1994 (Mean = 20.48 °C)

2002-2016 (Mean = 21.16 °C)

0

2

4

6

8

10

12

-11 -7 -3 1 5 9 13 17 21 25 29

Fr
eq

u
en

cy
 (%

)

Temperature (°C)

1980-1994 (Mean = 9.61 °C)
2002-2016 (Mean = 10.43 °C)



7 

 

Overall Men Women 
   

   
   

Overall ≥ 60 years Men ≥ 60 years Women ≥ 60 years 
   

   
   

60-74 years 75-89 years ≥ 90 years 
   

   
Supplementary Figure 4: Relative risk of death from respiratory diseases in Spain for 1980-2015. The relative risk (RR) curves 

are estimated with the corresponding 95% empirical CI. Vertical dotted lines are minimum mortality temperatures (MMTs), 

and dashed lines the 1st and 99th percentiles of the daily temperature distribution.  
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Supplementary Figure 5: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods). 
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Supplementary Figure 6: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods).  

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 7: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods).  
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Supplementary Figure 8: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods). 
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Supplementary Figure 9: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods).  
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Supplementary Figure 10: Relative risk of death from respiratory diseases in the Spanish provinces, with related daily 

temperature distributions. The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. The vertical 

dashed lines represent the Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring 

temperature for the two subperiods (“invariant centring temperature assumption”, see Methods).  
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Supplementary Figure 11: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI.  
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Supplementary Figure 12: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 13: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 14: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 15: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 16: Evolution of the overall minimum mortality temperature (°C) by province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 17: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 18: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 19: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 20: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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Supplementary Figure 21: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI.  
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Supplementary Figure 22: Evolution of the minimum mortality temperature (°C) by sex and province. MMT=minimum mortality 

temperature. The MMTs are estimated with the corresponding 95% empirical CI. 
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A. Overall (all ages) B. Men (all ages) C. Women (all ages) 
   

   
   

D. Overall (age ≥60 years) E. Men (age ≥60 years) F. Women (age ≥60 years) 
   

   
   

G. Overall (age 60-74 years) H. Overall (age 75-89 years) I. Overall (age ≥90 years) 
   

   
 

 
 
Supplementary Figure 23: Monthly Attributable Fraction of respiratory disease mortality in Spain by sex and age for 15-

year subperiods. The Minimum Mortality Temperature (MMT) of the subperiod 1980-1994 is used as the centring temperature 

for the two subperiods (“invariant centring temperature assumption”, see Methods). AF=Attributable Fraction. 
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Supplementary Figure 24: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 
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Supplementary Figure 25: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 26: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 27: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 28: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 
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Supplementary Figure 29: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring temperature assumption”, 

see Methods). 
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Supplementary Figure 30:  Monthly Attributable Fraction of respiratory disease mortality in Spain. The Minimum Mortality 

Temperature (MMT) of the subperiod 1980-1994 is used as the centring temperature for the two subperiods (“invariant centring 

temperature assumption”, see Methods).  This figure shows values for the first (1980-1994, red curve) and last (2002-2016, blue 

curve) 15-year subperiods of the series. The black curve corresponds to estimations resulting from applying the daily time series 

of temperatures in 1980-1994 to the RR curves in 2002-2016. The small difference between the black and blue curves therefore 

shows the rather small effect of the warming, while the large difference between the black and red curves correspond to the 

dominant contribution of the changes in the RR. 
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A. Overall (all ages) B. Men (all ages) C. Women (all ages) 
   

   
   

D. Overall (age ≥60 years) E. Men (age ≥60 years) F. Women (age ≥60 years) 
   

   
   

G. Overall (age 60-74 years) H. Overall (age 75-89 years) I. Overall (age ≥90 years) 
   

   
Supplementary Figure 31: Relative risk of death from respiratory diseases in Spain for the periods 1980-1994 and 2002-2016. 

The relative risk (RR) curves are estimated with the corresponding 95% empirical CI. Vertical dashed lines are minimum 

mortality temperatures (MMTs). The Minimum Mortality Temperature (MMT) of a given subperiod is used as the centring 

temperature of the subperiod (“varying centring temperature assumption”, see Methods). 
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A. Overall (all ages) B. Men (all ages) C. Women (all ages) 
   

   
   

D. Overall (age ≥60 years) E. Men (age ≥60 years) F. Women (age ≥60 years) 
   

   
   

G. Overall (age 60-74 years) H. Overall (age 75-89 years) I. Overall (age ≥90 years) 
   

   
Supplementary Figure 32: Monthly Attributable Fraction of respiratory disease mortality in Spain by sex and age. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see 

Methods). 
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Supplementary Figure 33: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  

 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 34: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 35: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 36: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  

 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 37: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  

 

a) b) c) 

d) e) f) 

g) h) i) 
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Supplementary Figure 38: Monthly Attributable Fraction of respiratory disease mortality in the Spanish provinces. The 

attributable fractions (AF) are estimated with the corresponding 95% empirical CI. The Minimum Mortality Temperature (MMT) 

of a given subperiod is used as the centring temperature of the subperiod (“varying centring temperature assumption”, see Methods).  
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A. December-January-February B. March-April-May-June 
  

  
  

C. July-August D. September-October-November 
  

  
Supplementary Figure 39: Evolution of the monthly Attributable Fraction of respiratory disease mortality in Spain. The 

Minimum Mortality Temperature (MMT) of a given subperiod is used as the centring temperature of the subperiod (“varying 

centring temperature assumption”, see Methods). 
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1. Number of knots for exposure-response function 
   

a) 10th, 75th & 90th b) 25th, 75th & 90th c) 10th, 50th & 90th 
   

   
   

2. Lag period 
   

a) 21 days b) 14 days c) 28 days 
   

   
   

3. Degrees of freedom for seasonal trend 
   

a) 8 df x year b) 7 df x year c) 9 df x year 
   

   
Supplementary Figure 40: Sensitivity analysis on the monthly Attributable Fraction of respiratory disease mortality in Spain. 

The attributable fractions (AF) are estimated with the corresponding 95% empirical CI. 
 

 

 

 

 

 

 

 

 

 

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

1980-1994

2002-2016

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)

-15. 0

0.0

15.0

30.0

45.0

-15

0

15

30

45

Jan Mar May July Sept Nov

A
tt

ri
b

u
ta

b
le

 f
ra

ct
io

n
 (

%
)


