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Future Population Exposure to  
U.S. Heat Extremes 



Developing New Models to Understand  
Human Vulnerability to Climate-Related Hazards at Multiple Scales 
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1. Identify the multi-level drivers of spatial population change. 

2. Construct a theoretically consistent modeling framework for 
producing spatial population scenarios. 

3. Assess exposure and vulnerability to climate-related 
hazards under alternative scenarios. 

Q: How do climate and demographic change 
combine to drive future patterns of exposure 
and vulnerability to climate hazards? 



• Barnett et al. (2010) find that the strong correlation between temperature 
measures lead to similar predictive ability. 

 

 • Gasparrini et al. (2012) find that excess mortality related to extreme heat events 
can be effectively described as the independent effect of individual days’ 

temperature rather than as a function of multi-day heat waves.  
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NARCCAP: Temp & Precipitation Anomalies 
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Population Scenario 
 



Calculating Exposure 
 



Projected Change in Exposure  
 

2.3 billion person days 

• Exposure is projected to increase anywhere from 4 to 6 times observed levels 

9.8 billion person days 



Decomposing Change in Exposure 
 

Additional model runs: 
 

1) Constant population (Climate Effect) 

2) Constant climate (Population Effect) 

3) Constant climate, constant spatial distribution (National) 

4) Constant climate, constant spatial distribution (Divisional) 



National-level Decomposition 
 



Divisional-level Decomposition 
 



Decomposing the Population Effect 
 

•  Aggregate growth 
 

•  Broad redistribution (migration) 
 

• Local Redistribution 
(urban/spatial structure) 

57% 34% 9% 

Including higher resolution estimates of the urban heat island 
effect may increase importance of local change. 



Ongoing Work: Alternative Heat Extremes and Mortality 
 



• A four to six-fold increase in exposure to temperatures 
above 35°C is projected over the next 40 years. 

 
• Population and climate change both contribute significantly. 
 
• There is significant regional variation  

in both exposure and its drivers. 
 
• Aggregate population growth and  

broad population redistribution drive  
the population effect. 

 

Conclusions and Ongoing Work 

• Global exposure 
• Representative Concentration Pathways (RCPs) and Shared 

Socioeconomic Pathways (SSPs) combinations 
• CESM climate projections (29-member ensemble) 
• SSP-based spatial population scenarios 

 

• Extreme-heat mortality 
• Mortality response to exposure (alternative definitions of 

extreme heat) 
• Impact of population structure, socio-economic status, and 

mitigation strategy 
• Probabilistic mortality projections based on adaptation 

assumptions 
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