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Main Points

• Inference 
Estimation -> Extrapolation -> Speculation

Evidence (Data) Assumptions

• Be clear about “cause”

”causal effects” are counterfactuals; they require unverifiable predictions of how the world 
would have been.

acceptance of causal inferences depends on: (tick)
- independence of person making the inference
- transparency – share data, analysis, results
- communication
- expert knowledge of underlying mechanisms



Main Points (cont)

• To obtain “effects” for many regions, subpopulations, intervals:
- Never do separate analyses
- Borrow strength across similar problems using Bayes or empirical Bayes 

methods



Hurricane Maria Strikes Puerto Rico – Sept, 2017 



Hurricane Maria in Puerto Rico 



Three (of many) statistical models

• Model 1 (red)
deaths ~  factor(age)*factor(ses)*factor(sex) + 

smooth(t) + season(t) 

• Model 2 (green/orange)
deaths ~ factor(age)*factor(ses)*factor(sex) + 

smooth(t) + season(t) *factor(age)*factor(halfway)

• Model 3 (black)
deaths ~ factor(age)*factor(ses)*factor(sei) + deaths ~

smooth(t) * season(t) 





London, 12 noon, December, 1952; Particulate levels – 3,000 µg/m^3

Particulate air pollution and mortality –
London Smog



~10,000 excess 
deaths



National
Morbidity
Mortality
Air 
Pollution
Study



Semi-parametric Regression Model for Each City (c)



Statistical Problem

Pollution signal 
embedded in 

correlated “noise”



City-specific Estimates



Spatial Model for Relative Rates



Shrinkage



Smoothed Estimates



Statistical Issues: Degree of Adjustment



internet Health and Air Pollution Surveillance 
System (iHAPSS) + R package



“(A)lthough many 
questions remain 
about how fine 
particles kill people, 
the NMMAPS study 
shows there’s no 
mistaking that PM is 
the culprit

NMMAPS in Science
July 2000

Understatement of statistical uncertainty in the press



Mortality after the 2003 invasion of Iraq: a cross-sectional cluster sample survey

Prof Gilbert Burnham, MD, Prof Riyadh Lafta, MD, Shannon Doocy, PhD, Les Roberts, PhD

The Lancet
Volume 368, Issue 9545, Pages 1421-1428 (October 2006) 

DOI: 10.1016/S0140-6736(06)69491-9

Iraq Invasion Civilian Mortality – Burnham, et 
al. 2006. Lancet





Model Sensitivity: relative rate estimates for GAM 
(default and strict)  versus GLM

Dominici, McDermott, Zeger, Samet AJE 2002

GAM (default) versus GLM estimates GAM(strict) versus GLM estimates



What difference did it make?



The Press: The New York Times (June 2002)
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