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The impact pathway from climate change to changes in exposure and 
health damage related to heat stress and air pollution in Europe



Cross-disciplinary collaboration

➢ Objective: “Quantify the changes in 

cardiopulmonary mortality and 

morbidity due to extreme heat and air 

pollution (including from wildfires) 

under selected climate scenarios, 

while accounting for adaptation, 

calculate the associated costs, and 

identify effective strategies for 

minimizing adverse impacts.”

Climate & Air pollution modelling

Socio-economic consequences

Epidemiology

High pollution days

Low pollution days

Middels utslipp

Health burden



Near-past and future trends of European extreme heat and heat waves 
from WRF downscaling experiments
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Warm-spell duration index



humidity

wind

temperature

8 heat stress indicators (HSIs):

1. Air temperature (TX)

2. Apparent temperature (AT)

3. Universal Thermal Climate Index (UTCI)

4. Wet bulb temperature (TWB)

5. NOAA heat index (HI)

6. Humidex (Hu)

7. Wet bulb globe temperature (TWBG)

8. Simplified TWBG (TWBGs)

Economic impacts

Heat warnings

Health effects

Heat stress indicators: How do they evolve with global warming?

Goal: Estimate future evolution of health relevant heat 

stress indicators as function of global mean temperature 

(GMT)

• Using temperature and humidity only (calm conditions in the shade)

• 20 climate models (historical data + scenario projections)

• Focus on highly populated regions

solar radiation

160+ heat stress indicators
(de Freitas and Grigorieva, 2017)

What causes heat stress?

Schwingshackl et al. 2020. Heat stress indicators in CMIP6: Estimating future 

trends and exceedances of impact-relevant thresholds (submitted).



Number of days per year with ‘very hot’ 
conditions given alternative levels of 
global warming

• Most HSIs increase faster than the global 

mean

• Mediterranean: Apparent T (perceived 

outdoor T) reaches ‘level 3’ (very hot) up to 

80-90 days per year under 2-4 degr warming
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Develop the IS4FIRES fire information system to 
make it capable of "forecasting" fires:

➢ Establish the statistical relationship between 
meteorological parameters/fire danger indices 
(ERA5 data) and fire radiative power (FRP) 
(MODIS data) or its time-integral, fire radiative 
energy, FRE.

➢ Meteorologial parameters then replaced by 
projections (CESM model output) to enable 
scenario projections 
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Projecting wildfires and associated air 
pollution



Assessing the impact of excessive heat on labour market 
performance

• Preparatory work: literature review and screening of available datasets Europe-wide

• Used UK data from a major national longitudinal survey (“Understanding Society”) as initial test case (other data from eg Norway 
identified and currently being analysed, too)

• Objective: 

• Assess impact of heat periods on productivity outcomes

• Data: 

• Station-level data (HadUK-Grid), interpolated 1x1 km grid, daily Tmax/Tmin

• Understanding Society Panel, 10 waves (2008-2019)

• Methods:

• Data linkage of survey data with temperature data at highly disaggregated regional level (LSOA)

• Econometric analysis: Linear probability models using pooled sample (so far)

• Exposures:

• Average daily max temperature during previous week categorised into 5°C bins

• Number of days in prev. week with max temperature within specific bin

• Outcomes

• Self-reported work absence due to sickness and injury, previous week

• Self-reported limitation at work due to physical health issues, previous 4 weeks

• Preliminary results available (writing up currently)

9



Illustrative results (preliminary)
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Reference Impact

Supply, active workers 2 472 098 10 500

Supply, non-active 46 518 6 295

New positions 65 629 -7 971

Vacancies 71 351 -7 911

Unemployment 105 067 24 705

Wage rate for newly
hired people (%)

93.9 -30.0

Constructed case (Norway): 
Impacts on the labour market of a 1 percent

reduction in labour productivity. No. of people

The modelling: 
It’s not only a question of how much less we get out of those who work

Economic consequenses at the national level

Note: This case refers to pure assumptions on how
variables and relationships in LAMENT are affected

by health effects



Global worker productivity loss in 2100
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Orlov, A. (2020). Economic costs of heat-induced reductions in worker 
productivity due to global warming. Global Environmental Change, 63. 
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Citizen engagement tool
- hackAIR web app & mobile app (Android & iOs) being developed
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Contributions from EXHAUSTION so far

• Results from EXHAUSTION so far confirm previous research, but add detail, geographic resolution, 

and modelling sophistication

• Contributes new insight regarding economic impacts, by integrating high-resolution estimates of 

worker productivity loss in CGE model
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EXHAUSTIONManagement@cicero.oslo.no

https://exhaustion.eu


