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Humid heatwave events and their socio-economic 
implications at different warming levels 



• Risk framing in IPCC AR5 

 

• IPCC Working Group (WGI) dealing with extremes 

 

• Importance of indices and data availability 

 

• Example: Climate extremes and health 

 

• Outlook 
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Risk framing in IPCC AR5 
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Risk framing in IPCC AR5 
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IPCC Working Group I – The physical basis in AR5 
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based on  

Sillmann et al. 2013b 



Consequences? 
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Risk framing in IPCC AR5 
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Importance of indices and data availability 
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Heat 

• Warmest daily Tmax (TXx) 

• Warm Spell Duration Index (WSDI) 

• Heat Wave Magnitude Index (HWMId) 

• Humid Heat Wave Magnitude Index (AWMI) 

• Wet Bulb Global Temperature (WBGT) 

• Etc. 

 



Heat wave magnitude index 
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Russo, Sillmann & Fischer, ERL, 2015 
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Humid heat wave index 
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Russo, Sillmann & Sterl, 2017 

AHWI  Replacing daily 

Tmax with Apparent 

Temperature AT,  

when AT > T 



Humid heat waves in the future 
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Risk of heat 

cramps and 

exhaustion 

Extreme risk 

of heat strokes 

Russo, Sillmann & Sterl, 2017 

9 CMIP5 models 
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Humid heat waves in the future 

Extreme risk of heat strokes 

Under 4°C warming some regions of the world become 

uninhabitable! 



Example: Climate Extremes and Health 

Heat 

 

HWMId 

from 50 

ensemble 

members of 

CanESM2 

Population 

 

NCAR SSP2 

scenario 
(Jones &O’Neill 2016) 

Age  

 

UN ESA* 

(<4 and 

>65 years) 

* United Nations, Department of Economic and Social Affairs, Population Division (2015). World Population Prospects: The 2015 Revision, 

Methodology of the United Nations Population Estimates and Projections, Working Paper No. ESA/P/WP.242. 



Hazards: Heat waves (HWMId from CanESM2) 
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Grid point scale 



Exposure: Population SSP2 scenario (Jones & O’Neill 2016) 
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City scale 



Vulnerability: Age distribution from UN ESA 
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Country scale 



Climate change risk = Heat x Population x Age 
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Natural events, such as heatwaves, can trigger disasters, which for 

the most part are socially constructed  however, there are limits 

to adaptation under climate change 
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Heatwaves scaled by Population x GDP 
For present day conditions (2001-2010) of population and GDP (Harrington et al. 2016, ERL) 

Population (2001-2010) 
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Conclusion 

Challenges with following IPCC risk framework to identify social «hot spots» 

 

• Data availability, open-access and compatibility 

 

• Temporal and spatial resolution of datasets 

 

• Empirical data combined with model development 

 

• Up-scaling of case studies  learning from climate services 

Close collaboration needed between Climate Change and IRDR community! 

 

 New WCRP-IRDR-Future Earth initiative on Knowledge-Action-Network 

(KAN) on Extreme Events and Disaster Risk Reduction / Emergent Risks 



cicero_klima 
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cicerosenterforklimaforskning 
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Each SSP has a different population, but climate change does not feedback onto population growth  

Source: Riahi et al (2017), Global Carbon Budget 2016 

SSP Quantification: Population 

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
http://www.globalcarbonproject.org/carbonbudget/


Each SSP and IAM has a different GDP, and mitigation leads to reduce GDP growth 
The cost of climate impacts is not included (and IPCC has shied from this) 

Source: Riahi et al (2017), Global Carbon Budget 2016 

SSP Quantification: GDP 

http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
http://www.globalcarbonproject.org/carbonbudget/


Shades of Climate Risk 
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Scenarios 



Humid heat waves in the future 
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Russo, Sillmann & Sterl, 2017, submitted 
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Example: Climate Extremes and Wealth 
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Example: Climate Extremes and Wealth 

Source: Centre for Global Development, www.cgdev.org/blog/global-map-subnational-gdp 



Example: Climate Extremes, Air Pollution and Health 

“… during the European summer heat wave of 

2003 […] possibly 50% of the deaths could have 

been associated with ozone exposure rather than 

the heat itself.” IPCC AR5 WGII (2014) 

Russian heat wave 2010 

“… particle air pollution [is] among the 

largest risk factors globally, far higher than 

any other environmental risk […]. IPCC AR5 WGII 

(2014) 

“The economic impact of this burden is difficult to assess as 

evaluation methods vary dramatically in the literature.” IPCC AR5 WGII (2014) 



Hazards: Ozone and PM2.5 from ECLIPSE 
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Ozone PM2.5 



Example: Climate Extremes, Air Pollution and Health 

Heat 

 

HWMId 

from 50 

ensemble 

members of 

CanESM2 

Air 

Pollution 

 

ECLIPSE 
(Stohl et al. 2015) 

O3 and 

PM2.5 

Population 

 

NCAR SSP2 

scenario 
(Jones &O’Neill 2016) 

Age  

 

UN ESA* 

(<4 and 

>65 years) 

* United Nations, Department of Economic and Social Affairs, Population Division (2015). World Population Prospects: The 2015 Revision, 

Methodology of the United Nations Population Estimates and Projections, Working Paper No. ESA/P/WP.242. 


