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About me…

• Professor of Statistics and Biostatistics (at UNC since 
1991)

• Director of the Statistical and Applied Mathematical 
Sciences Institute (SAMSI), a National Science Foundation 
Institute

• Research interests in environmental statistics, including 
climate change, climate and weather extremes, modeling 
air pollution and health effects of air pollution

• Member of Research Committee of the Health Effects  
Institute, 2010-2015

• Former member of American Statistical Association 
Committee on Climate Change Policy and Statistics and 
participant in “Climate Science Days” organized by AAAS
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Citations, Acknowledgements,
Disclaimers…

This talk is largely based on:
1. RLS public comment on the 2015 ozone standard, submitted 

March 17, 2015 (www.unc.edu/~rls and follow “Preprints” tab)
2. “Air Quality and Acute Deaths in California, 2000-2012” by S. 

Young, R. Smith and K. Lopiano, under revision for Regulatory 
Toxicology and Pharmacology

See also www.unc.edu/~rls/CApollution.html for data and programs.

Thanks for Stan Young for compiling the data. This work has been 
supported by the American Petroleum Institute. All views expressed 
are those of the author and do not represent the official position of 
API, the University of North Carolina, NSF, or any other organization.
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Background: the NMMAPS study
(Bell et al., 2004, 2006; Smith et al. 2009)

• Daily death data in 108 US cities, 1987-2000
• Each city analyzed for ozone-mortality relationship, 

correcting for seasonality and long-term trends, day of 
week effects, meteorology and (in some analyses) co-
pollutants

• Coefficients combined across cities through a two-stage 
hierarchical model

• Results appear to show a tight “national effect,” but this 
does not fully reflect the very wide variation in the 
individual-city effects or the spatial variability of the 
apparent ozone-mortality relationship

• Further analyses included nonlinear concentration-
response relationships, and analysis of spatial variations 
through effect modifiers.
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New Dataset
• Daily mortality (by age 

group and type of death) 
for 2000-2012, eight air 
basins in California

• Air quality: daily max 8-
hour average ozone, daily 
average PM2.5

• Meteorology: daily max 
and min temperature, 
daily max relative 
humidity

• Data and programs 
online at:
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Analysis Strategy
Log mean daily death count =
Nonlinear function of date1 +
Day of week effect +
Nonlinear function of metorology2 +
Linear distributed lag model for ozone3

1. Splines with 7 df per year

2. Additive spline (3-6 df) representation for daily max temp, 
daily min temp and daily max RH, plus averages lagged 1-3 
days of same variables

3. Separate terms for ozone in lags l1,l2,…,lk, result expressed as 
overall net effect
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Extensions/Comments
1. Nonlinear concentration-response (C-R) curves: 

introduce a “nonlinear distributed lag” model in 
which the net effect is a nonlinear function of 
ozone

2. Combine results across cities or air basins 
(similar to NMMAPS analysis)

3. Comparisons with NMMAPS analysis strategy:
a. Different meteorological variables (NMMAPS used 

daily mean temperature and dewpoint plus their 
lagged 1-3 days average values)

b. No age group x long-term trend terms
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Comparison with NMMAPS data
(1987-2000)
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Nonlinear C-R Curves
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Nonlinear C-R Curves
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Nonlinear C-R Curves
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Nonlinear C-R Curves
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Nonlinear C-R Curves for Ozone (all US)
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Summary and Conclusions
1. For the CA 2000-2012 dataset:

a. Very strong effect due to meteorology (especially daily max 
temp)

b. No consistent effect due to either ozone or PM2.5 for the 8 CA 
air basins, either individually or combined

c. The results are robust to different combinations of lags for the 
distributed lag models, or degrees of freedom for the nonlinear 
spline terms

d. Nonlinear C-R curves also show no consistent effect

2. Comparisons with NMMAPS 1987-2000 dataset:
a. When the same methods for ozone are applied to the CA cities 

in the NMMAPS dataset, we get very similar conclusions. This is 
true both using the analysis methods of this paper and 
repeating the original analysis methods for NMMAPS.

b. When the same methods are applied to the whole of the 
NMMAPS dataset, we again see “national effects” but only if 
the only country is treated as homogeneous
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The Big Picture

• Large literature on health effects of ozone
• Only a comparatively small part of that literature 

deals specifically with mortality
• Within that literature, the NMMAPS study has 

had an outsize influence
• The present study goes part way towards 

extending NMMAPS by using more recent data 
(may extend to other states later)

• This study shows very little evidence of an 
adverse mortality effect in California. Whether 
other states will show different results remains to 
be seen.
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