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Overview 

1.  How rapidly are cities warming? 

2.  Are some urban populations more  
      vulnerable to extreme heat than  
      others?  

3.  What are cities doing to prepare for  
       extreme heat?  



Global temperature anomaly 

Goddard Institute for Space Studies, NASA 
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URBAN 

   Airport as “first-order”  
        meteorological station for each  
        urban center 
        Night light ranking of C (bright)   

RURAL 

    Three stations selected for each city based on: 
    1. Night light ranking of A (dark) or B (dim) 
    2. Population < 4,000 per square kilometer  
    3. Located within 50 to 250 km of urban station   

How rapidly are large cities warming? 



5 Rural areas have warmed by about 0.7 OC over 50 years. 

Warming trends outside of 50 most  
populous U.S. cities 
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The urban heat island effect (UHI) 



7 Urban areas, on average, are about 0.8 OC warmer than rural areas. 

The urban heat island effect (UHI) 
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UHI effect > greenhouse effect 

Most of the temperature anomaly in cities is attributable to UHI. 
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 UHI change > greenhouse effect change 

Urban areas are warming more rapidly over time than rural areas.  
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Decadal warming trends: 1961-2010 

Amplification in all cities: 50% Amplification in cities with  UHI: 100% 



11 

Urban climate change rankings 
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Is the frequency of extreme heat  
increasing? 

!    Heat stress index from Steadman (1984): 

 HSI (°C) = -1.3 + 0.92T + 2.2e 

 where:   T is ambient air temperature (°C)  
  e is water vapor pressure (kPa)  

!    Gaffen & Ross (1998) define extreme heat-stress events as heat  
       index values exceeding the 85th percentile of a long term average  
       (1961-1990) for a location. 

!     The National Climate Data Center maintains a database of EHEs 
       for 187 U.S. cities.  
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Trends in extreme heat events:  
1956-2005 

Mean annual frequency of 
EHEs increased by 110%  

Stone, Hess & Frumkin, 2010 
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Sprawl and extreme heat 
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Sprawl and extreme heat 
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What actions are cities taking to counteract 
rising levels of extreme heat? 



Table Legend 

Heat Island Mitigation Strategy 
         

Greenhouse Effect Mitigation Strategy 

Heat Management in  
Climate Action Plans 



Table Legend 

Heat Island Mitigation Strategy 
         

Greenhouse Effect Mitigation Strategy 

Primary Strategies:       24% 

Secondary Strategies:   36% 

U.S.     

Heat Management in  
Climate Action Plans 
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Table Legend 

Heat Island Mitigation Strategy 
         

Greenhouse Effect Mitigation Strategy 

Primary Strategies:       24%         15%   

Secondary Strategies:   36%         70% 

U.S.    Southeast 

Heat Management in  
Climate Action Plans 
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Management Strategy 1: Sunscreening 

http://inhabitat.com/vertical-gardens-by-patrick-blanc/ 
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Management Strategy 2: Greenbelting 
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Management Strategy 3: Carbon cooling 
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!    Climate change is not a phenomenon responsive greenhouse gases alone.  

      At present, the urban heat island effect is the dominant driver of warming      

      trends in large U.S. cities and a rising threat to public health.  

!    A survey of the climate change management activities of large cities  

      suggests that relatively few resources are being directed at the principal 

      driver of extreme heat at the urban scale.   This oversight is more  

      pronounced in the southeast than in the country as a whole.  

!    Urban climate resilience requires urban environments to more closely mimic      

      their regional ecological context.  Adaptive mitigation in the form of   

      sunscreening, greenbelting, and carbon cooling provides a direct mechanism  

      for integrating regional and global climate management strategies.   

Final thoughts 


