
Supplementary Results  

1. Measurement Error in 24-hour Relative Humidity Measurements 

The 24-hour relative humidity measurements have a minor error, probably due to the calibration 
(Supplementary Figure 1).  

The 24-hour relative humidity values decreased by about 10% during January 1999 to  
December 2006 and had a minor impact on the calculated apparent temperature (Supplementary Figure 
2). Hence, the error in the 24-hour relative humidity measurements is not likely to reduce the validity 
of the results. 

Apparent temperature is a construct intended to reflect the physiological experience of combined 
exposure to humidity and temperature and thereby better capture the response on health than 
temperature alone [1]. 

Saturation vapour pressure 

= 6.112 × 10(7.5 × temperature °C/(237.7 + temperature °C)       Equation (1) 

Actual vapour pressure 

= (relative humidity (%) × saturation vapour pressure)/100      Equation (2) 

Dew point temperature °C 

= (−430.22 + 237.7 × ln(actual vapour pressure))/(−ln(actual vapour pressure) + 19.08)  Equation (3) 

Apparent temperature °C 

= −2.653 + (0.994 × temperature °C) + 0.0153 × (dew point temperature °C)   Equation (4) 

2. Tappmax Threshold 

Supplementary Figure 3 indicates the daily average number of cause-specific deaths per Tappmax 
(lag0). We did not observe a Tappmax threshold in Copenhagen for which a minimum number of  
cause-specific deaths occurred. We therefore split a year into a warm (April–September) and cold 
period (October–March), as done for Stockholm and other European cities [1-3].  

Below 9 °C most days were in the cold period and at 9 °C or above most days were in the warm 
period (Supplementary Figure 4). So overlap of Tappmax in the warm and cold periods was minimal. 

3. Lag Selection: Tappmax 

Supplementary Figure 5 illustrates the % change in the cause-specific mortality per IQR increase in 
the different lags of Tappmax during the warm and cold periods, respectively, after adjusting for public 
holidays and weekly influenza rates, but not for any of the pollutants.  

In general the strongest statistically significant association and model with the lowest Akaike 
Information Criterion were observed between the 6-day cumulative average (CA6) of Tappmax and the 
cause-specific mortality. CA6 of Tappmax was selected as lag and applied that in the stratified models. 

 



Supplementary Figure 1. 24-hour average relative humidity measurements (lag0) in 
Copenhagen during 1 January 1999−31 December 2006. 
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Supplementary Figure 2. Theoretical relationship between apparent temperature, 
temperature and relative humidity. 
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Supplementary Figure 3. Total and daily average number of cause-specific deaths per 
same day Tappmax (lag0) in Copenhagen during 1 January 1999−31 December 2006. 

 



Supplementary Figure 4. Number of days with a specific Tappmax (lag0) in Copenhagen 
during the warm and cold period * (1 January 1999−31 December 2006).  

 
* Warm period: April−September, Cold period: October−March. 

 
Supplementary Figure 5. Percentage change (95% CI) in cause-specific mortality in 
Copenhagen per inter-quartile range increase in Tappmax during the warm and cold period*  
(1 January 1999−31 December 2006), adjusted for public holidays and influenza 
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* Warm period: April−September, Cold period: October−March.



Supplementary Figure 6. Percentage change (95% CI) in cause-specific mortality in Copenhagen per inter-quartile range increase in PM10, 
NO2, NO2max and CO during the warm period (1 January 1999−31 December 2006), adjusted for Tappmax, public holidays and influenza*. 

 
* Same lag as pollutant, Warm period: April−September. 

 

 



 

Supplementary Figure 7. Percentage change (95% CI) in cause-specific mortality in Copenhagen per inter-quartile range increase in PM10, 
NO2, NO2max and CO during the cold period (1 January 1999−31 December 2006), adjusted for Tappmax, public holidays and influenza*. 

 
* Same lag as pollutant, Cold period: October−March. 

 



5. Sensitivity Analyses: Alternative Temperature Definition 

Barnett and colleagues concluded that there is no single temperature indicator that is 
superior to others [4]. We also observed this in our results.  

The robustness of the observed Tappmax associations (Tables 3 and 4, Supplementary 
Figure 5) was confirmed in models with the alternative temperature definition: 24-hour 
average temperature (Tave). Supplementary Figure 8 illustrates the % change in the  
cause-specific mortality per IQR increase in the different lags of Tave during the warm 
and cold periods, respectively, after adjusting for 24-hour mean relative humidity 
(RHave), public holidays and weekly influenza rates, but not for any of the pollutants. A 
similar lag structure was observed as in the Tappmax models (Supplementary Figure 5). 

Supplementary Figure 8. Percentage change (95% CI) in cause-specific 
mortality in Copenhagen per inter-quartile range increase in the 24-hour 
average temperature during the warm and cold period (1 January 1999− 
31 December 2006), adjusted for public holidays, influenza and 24-hour 
average relative humidity*. 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
* Same lag as 24-hour average temperature, Warm period: April−September, Cold 
period: October−March. 



Supplementary Figure 9 illustrates the % change in the cause-specific mortality per 
IQR increase in the different lags of RHave during the warm and cold periods, 
respectively, after adjusting for Tave, public holidays and weekly influenza rates, but not 
for any of the pollutants. RHave was only significantly associated with RD mortality in the 
warm period. A large multicity study from the United States also found that humidity had 
a weak and inconsistent association with RD and CVD mortality [5]. 

Supplementary Figure 9. Percentage change (95% CI) in cause-specific 
mortality in Copenhagen per inter-quartile range increase in the 24-hour 
average relative humidity during the warm and cold period (1 January 
1999−31 December 2006), adjusted for public holidays, influenza and  
24-hour average temperature*. 
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* Same lag as 24-hour average relative humidity, Warm period: April−September, 
Cold period: October−March. 



Supplementary Figure 10 illustrates the % change in the cause-specific mortality per 
IQR increase in the different lags of Tave during the warm and cold periods, respectively, 
after adjusting for public holidays and weekly influenza rates, but not for RHave nor for 
any of the pollutants. A similar lag structure was observed as in the Tappmax models 
(Supplementary Figure 5). 

Supplementary Figure 10. Percentage change (95% CI) in cause-specific 
mortality in Copenhagen per inter-quartile range increase in the 24-hour 
average temperature during the warm and cold period (1 January 1999− 
31 December 2006), adjusted for public holidays and influenza, but not for  
24-hour average relative humidity*. 
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* Warm period: April−September, Cold period: October−March. 

 
 

* Warm period: April−September, Cold period: October−March. 
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