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OVERVIEW 

• The heat-mortality relationship is well established from many 
studies 

• Cooler cities see mortality rise at lower thresholds and generally 
have greater increases in mortality 

• Longer heat events generally have greater impacts than shorter ones 

• Trend analyses have shown a downward trend in vulnerability over 
time 

 

• This study examines trends in heat-related mortality for the 60 
largest US metropolitan areas for 1975-2010 
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DEFINITION OF HEAT EVENTS 

• Using the Spatial Synoptic Classification 

• Day of sequence MT+ / DT 

• Using the Daily Mean Apparent Temperature 

• Day of sequence >= 95th percentile 

 

 

• Day 1-2 of heat event: “Short” 

• Day 3+ of heat event: “Long” 

 

 

DISTRIBUTED-LAG MODELS 

• Used to assess lagged effects and mortality displacement during heat 
events 

 

• Each lagged predictor is a term in a generalized linear model, e.g.: 

• RR = f (HDay0, HDay-1, HDay-2,…, HDay-15, ns(year), ns (Julian Day) + 
Day of Week, where 

• H = heat-wave indicator 

• ns = natural spline 

 

 

• Run in R (dlnm package) 
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DISTRIBUTED-LAG MODELS 

 

• Effects can then be evaluated by lag or aggregated 

 

1st / 2nd day of heat event 

1.07 (0.99, 1.16) 

 

 

 

 

 

3rd day onwards 

1.16 (1.07, 1.25) 

RELATIVE RISKS 
95TH %LE APPARENT TEMPERATURE 

LONG HEAT EVENTS 

Thin lines –  

     0-day lag 

 

Thick lines- 

     0-15 day     

     cumulative lag 

Years are first year of 6-year rolling window, e.g. 1975=1975-80 
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RELATIVE RISKS 
SPATIAL VARIABILITY 

  1975-1983    1984-1992    1993-2001    2002-2010 

CITY BY CITY 
VARIABILITY 

 

Years with markers are statistically significant (p<.05) 
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CHANGING HEALTH OUTCOMES 
OVER TIME 

• Dashed 

1991-1996 

• Solid     

1997-2004 

New York City 

Sheridan and Lin (2015) 

HEAT VULNERABILITY 
INTO THE FUTURE 

Keeping population constant 

Medium population projection, 

including aging 

Sheridan et al. (2012) 

9 LARGEST METROS IN CALIFORNIA 



5/10/2016 

6 

ENVIRONMENTAL 

FACTORS 

• More heat events moving 

forward 

• Greater urban heat island / 

sprawl? 

• Changes in ability to regulate 

one’s environment 

• Aging population 

• Urbanizing population 

• Unequal access to resources 

SOCIAL FACTORS 

HEAT VULNERABILITY  
AND ADAPTATION 

CONCLUSIONS 

• Broad decline in heat vulnerability between 1975 and 2010 

using distributed-lag impacts 

• What is the role of the really extreme or unusual heat 

wave? 

• What are the limits to adaptation? 

 

 

 


