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Data improvements -> welfare improvements?
• Policy is one essential lever for translating research insights into 

welfare improvements. 

• But the causal relationship between environmental policy 
implementation and health/welfare is complicated.

Policy 
change



How to act on new data/analysis?



PM2.5 101
• Particulate matter (PM) with a 

diameter of less than 2.5 
micrometers.

• Exposure measured in !"/$%.

• Chemically ambiguous: volcanoes, 
dust storms, fires, human activity 
such as power plants and gasoline 
combustion. 

• Composition (and health impact?) 
depends on the source.



These small particulates are a big deal

• Muller and Mendelsohn (2007) estimate that health impacts of 
PM2.5 (primary + secondary ) accounts for over 90% of total gross 
annual damages from air pollution (US)

Mortality impacts of PM2.5 exposure:

• >98% of benefits of last revision of PM2.5 national air quality 
standards.

• >94% of benefits from proposed “Affordable Clean Energy (ACE) 
rule”

• >99% of benefits from (now endangered) Mercury and Toxics rule.



My (wishful) model of how research can impact 
real-world policy outcomes





Characterizing health impacts of PM2.5 exposure



Source: Regulatory Impact Analysis for the Final Revisions to the National Ambient Air Quality Standards for Particulate Matter



Where do these estimates come from?

Source: Regulatory Impact Analysis for the Final Revisions to the National Ambient Air Quality Standards for Particulate Matter



Where do these estimates come from?
• Harvard 6 Cities Study: Adults (25-74 years) randomly sampled from 6 cities in 

1970s  with PM2.5 monitors.

• Krewski et al. (2009) conduct extended (18 years) follow up and re-analysis to 

evaluate concerns about potential confounds, spatial auto-correlation

• Hazard ratio elevated by 3-15% for each 10 !"/$% increase.

• Intra-urban analysis in NYC and LA estimate “strikingly dissimilar” associations between 

exposure and mortality. 

• Lepeule et al. (2012) incorporates lower exposures and evaluates alternative 

lags/CR-relationships.

• 10 !"/$% associated with an increase in all cause (lung cancer) mortality of 14% (37%)

• 1-3 year lag yields best fit.



Concerns and limitations?
(Krewski et al. 2009; Lepeule et al. 2012)

• Omitted variable bias: “there is potential for important residual 
confounding with unmeasured factors”
• Heterogeneous treatment: “Relative toxicity of particle elements 

remains highly controversial”
• Divergent intra-urban results: “our results argue for caution in 

extrapolating from on metro area to another”
• Exposure assessment: “Use of central monitoring stations as a proxy 

measure of mean personal exposure is prone to measurement error”



Cue the econometricians!
The Mortality and Medical Costs of Air Pollution: Evidence from Changes in

Wind Direction

By TATYANA DERYUGINA, GARTH HEUTEL, NOLAN H. MILLER,

DAVID MOLITOR, AND JULIAN REIF

March 2019



PM2.5 concentration instrument: Daily wind direction





Unleash machine learning on health benefit estimation

• Estimating life-years lost is challenging because counterfactual life expectancy is 
unobserved.

• Standard approaches overstate years lost if individuals impacted by pollution have 
shorter life expectancies.

• Use machine learning techniques to predict individual life expectancy using 1,062 
variables on health history

• Improved estimates reduce counterfactual life expectancy significantly!

Source: Regulatory Impact Analysis for the Final Revisions to the National Ambient Air Quality Standards for Particulate Matter





Policy relevant? Yes, but….

• Emphasis on short-run variation could limit the impact of these findings.

“When choosing between using short-term studies or cohort studies for 
estimating mortality benefits.. it is essential to use longer-run studies to 
capture the important effects”

• Identification strategy complicates interpretation – are we capturing  kale 
or KFC?

• Reliance on sparse monitors is also limiting….



Some related work in the works…

• Picture of power plant shut downs.  Wind direction. Di ]

• Complementary

• Emphasize longer run outcomes.

• Isolate effects of power plant emissions (main contributer)
Pollution from a coal-fired power plant

(Monticello in Titus County, Texas)
Closed in January 2018



Satellite-based estimates present challenges!



Mapping exposure to damages to $ is only half the battle!

Zhang et al. 2019



Ye olde fashioned integrated assessment model 
(Krupnick et al. 1998)

Monetary Benefits per Ton 
of Abatement by Region 

(1989 dollars)



Modern day IAM estimates
APEEP/AP2/A3 integrated assessment model



Policy design and implementation implications?



What does an economist want to do with source-specific damages?
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Some real-world complications….

• Differentiated policy designs welfare 
dominate under certain and 
complete information. 

• Once uncertainty is introduced, the 
welfare implications of policy 
differentiation much more 
ambiguous. 

• Uncertainty about abatement costs 
further complicates design of 
quantity-based instruments!



Policy experimentation in progress…..

“Community based” response to PM hotspots                                                First differentiated pollution tax 
California China

How can we best use the data and methods we’re talking about today to inform and improve the policy 
designs that can change outcomes?



Data -> policy change…

• Exciting innovations on multiple 
fronts – data collection, data 
analytics, policy incentive design, 
policy implementation. 

• Substantive interactions between 
data/methods/policy/communication 
types increases the chances that 
research can respond to policy needs 
and policy can respond to research 
insights.

• Great job, Ed Rubin et al.



Research -> policy change -> impact



Mapping exposures to impacts is complicated!

• Non-linear concentration-response (C-R) function?
• Differences in the underlying stock of health and/or 

defensive investments?
• Differences in composition?!



Which PM2.5 effects count?

• Short-run studies relate day-to-day changes in PM2.5 concentrations to 

changes in mortality rates several days following. 

• Longer-run studies examine the relationships between PM2.5 exposure 

over multiple years and annual mortality rates that have been adjusted for 

individual level risk factors.

“When choosing between using short-term studies or longer-run studies for 
estimating mortality benefits.. it is essential to use the cohort studies to 
capture the important effects”

Regulatory Impact Analysis for the Final Revisions to the National Ambient Air Quality Standards for Particulate 

Matter, February 2013.



Direct mercury 
benefits of MATS in 

2016 
(millions of 2007%)

3% $4.2–$6.2
7% $0.47–$1.0



Noisy welfare gains!


