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Global surface temperature
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Intergovernmental Panel on Climate Change, 6th Assessment Report 



Regional consequences of warming
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Intergovernmental Panel on Climate Change, 6th Assessment Report 



Exposure to heat waves in Europe:

Probability of occurrence in 31 capitals
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Exposure to cold waves in Europe:

Probability of occurrence in 31 capitals
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Data
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Historical 

(municipality)

• Daily number of 

(all-causes) deaths 

• Daily maximum 

temperature + 

average relative 

humidity

Projections (Region)

• Yearly population 

projections + mortality rates 

for the region 

• Daily maximum temperature 

+ average relative humidity 

(10 RCM under scenario 

RCP8.5)
Brussels = 19 municipalities



• Quasi-Poisson regressions with distributed lag non-

linear models (dlnm) to estimate the relationship in each 

municipality

• Municipality-specific estimates pooled with a random-

effect meta-analysis to obtain the temperature-mortality 

relationship for all Brussels

Historical temperature-mortality 

relationship
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𝐿𝑜𝑔 𝑑𝑒𝑎𝑡ℎ𝑠 = 𝑐𝑏 + 𝑑𝑜𝑤 + ℎ𝑜𝑙𝑖𝑑𝑎𝑦 + 𝑛𝑠 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 + 𝑛𝑠 𝑡𝑖𝑚𝑒, 𝑑𝑓 +

Gasparrini et al. (2010). Stat Med
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Historical temperature-mortality 

relationship extrapolation

Vicedo-Cabrera et al. (2019). Epidemiol

Historical

Projected Minimum mortality

temperature (MMT)

= optimum temperature
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• Daily attributable numbers and fractions of deaths

• Daily results averaged over the ten RCMs and aggregated by 25-

year periods:

• baseline: 1994-2019

• near future: 2020-2044 

• mid future: 2045-2069

• a

CLIM: as compared to the baseline reference = effect of climate

DEM: as compared to the baseline reference = effect of demography

Climate and demographic changes 

contributions

Scenarios Climate change Demographic changes

DEM + CLIM Yes Yes

CLIM Yes No (N constant to 1994-2019)

DEM No (climate of 1994-2019) Yes



Results



Historical temperature-mortality 

relationships
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Temperature-mortality relationships for the municipalities of Brussels, 1992-2019



Pooled historical temperature-mortality 

relationship
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Pooled temperature-mortality relationship for Brussels, 1992-2019

MMT = 24°C



Attributable fractions of death

Temperature-attributable fractions for the periods 1994-2019, 2020-2044, and 2045-2069
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Contributions of climate and demography
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Cold- and heat-attributable fractions of deaths in scenarios CLIM and DEM

Scenario CLIM includes climate changes but constant demography => effect of climate only
scenario DEM includes demographic changes but constant climate => effect of demography only



Age-stratified analyses
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Attributable number of deaths - Difference with the reference period 1994-2019 



Conclusions



• in cold-related deaths but       in heat-related deaths in the future

• Age stratified analyses, in contrast to other age groups : 

• in cold-related deaths for people > 85 yrs (      population)

• in heat-related deaths for people ≤ 64 yrs (lower mortality rate)

• Larger impact of demography on future cold-attributable mortality

• Larger impact of climate on future heat-attributable mortality

Key messages - results

Background Material & methods Results Conclusions



• Large uncertainties in predictions

• Constant temperature-mortality relationship throughout the study 

period       no adaptation

• Same temperature-mortality relationship for all the age groups

Discussion
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For more details
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𝐴𝑁 = 1 − 𝑒− 𝑓 𝑇𝑝𝑟𝑜𝑗,𝜃 −𝑓 𝑀𝑀𝑇,𝜃 × 𝑁

𝐴𝐹 =
𝐴𝑁

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠

Projections of temperature-attributable 

number (AN) and fractions (AF) of deaths

Total future number of 

deaths = yearly 

population x daily 

projected mortality rate

historical temperature-

mortality relationship

and its minimum 

mortality temperature

Projected temperatures


