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Public Health/Policy Question of
Massive Scale

• Air pollution is a leading cause of global disease burden

• U.S. regulations to limit exposure to air pollution
• 58% to 80% of monetized benefits of all federal regulations
• 44% to 54% of monetized costs
• ≈ $65 billion annually

Statistical methods for causal inference have emerged at
the center of a very current and contentious debate about how

maintain air quality policies
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Air Quality Policy

The Role of Data and Statistics
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Major Themes of Statistical Methods
Development

for air pollution policies and beyond

1 Importance of “causal inference”
2 Distinguishing between types of questions

• “Health effects” of pollution exposure
• “Health effects” of policy

3 Intersecting statistics with physical/mechanistic process
models
• E.g., atmospheric science/engineering

4 Methods for interference/networks for interventions that
“spillover” or diffuse in time and space
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“Chain of Accountability”
(from the Health Effects Institute)

ii

HEI Communication 11

effects that may be caused by exposure to air pollution can
also be caused by other factors (some changing over the
same time periods as air pollution concentrations).

Regulatory interventions to improve air quality, espe-
cially large national programs such as the US Clean Air Act,
may not immediately affect either air quality or public
health. Once regulations are instated, changes in pollutant
emissions, ambient pollutant concentrations, and human
exposure to ambient concentrations may not be immedi-
ately or uniformly evident, and the biological processes of
injury that underlie the health effects of air pollution may
not be immediately evident. The longer the time between
promulgation of regulations and their effects, the greater the
possibility that other events may come into play and inter-
fere with isolating effects of the interventions themselves.
The level of enforcement may complicate the analysis by
extending the anticipated time between intervention and
effect. On the other hand, some interventions may produce
relatively rapid changes in air quality, the impact of which
may be measurable soon after. Recent studies of the health
effects of air quality improvement programs implemented
over short time frames in Ireland (Clancy et al 2002) and
Hong Kong (Hedley et al 2002) are examples. Rapid changes
reduce, but by no means eliminate, the possibility of con-
founding by other risk factors.

The need to measure the health impact of air quality reg-
ulations and other actions, and to improve the evidentiary
basis for assessing the effectiveness of those actions, is

clear. Whether and to what extent observational study
designs can meet these challenges is the task before us. The
inherent challenges are well documented in Communica-
tion 11, but recent advances in data collection and analytic
techniques provide an unprecedented opportunity to
improve our assessments of the impact of air quality
actions. To this end, this Communication is intended to
advance the concept of accountability and to foster devel-
opment  of  accountabil i ty methods and research
throughout the scientific and policy communities.

THE CHAIN OF ACCOUNTABILITY: A 
FRAMEWORK FOR RESEARCH AND PUBLIC 
HEALTH ACTIVITY

Future efforts to measure the impact of air quality regula-
tions will need to be based on a conceptual framework that
identifies key relations to be estimated and the resources
needed to do so. The NRC's Committee on Research Priori-
ties for Airborne Particulate Matter (NRC 1998) set out a
framework for linking air pollution sources to adverse
health effects. This framework can be used to identify indi-
cators for use in accountability assessment and leads to des-
ignation of the chain of accountability, which parallels the
links from sources to health effects (Figure 1). The connec-
tions between the links correspond to typical points at
which quantitative measures of accountability are possible.

Chain of accountability. Each box represents a link between regulatory action and human health response to air pollution. Arrows connecting the links
indicate possible directions of influence. Text below the arrows identifies general indices of accountability at that stage. At several stages, knowledge
gained from accountability assessment can provide valuable feedback for improving regulatory or other action.
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“Chain of Accountability”
(from the Health Effects Institute)

Statistical Methods with Atmospheric Science
(have historically been kept separate)
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tions will need to be based on a conceptual framework that
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Atmospheric Science

Epidemiology
/Statistics
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Existing Policy Evaluations Underuse
Data and Statistics

lots of engineering, chemistry, exposure science etc.

• Heavy reliance on deterministic physical/chemical model
output
• E.g., CMAQ, GEOS-Chem, etc.

• Focus on prospective predictions
• Not empirically verified using observed data following

implementation
• Opportunities for marrying the physical/mechanistic

understanding with empirical data and statistics
• Health and environmental data becoming increasingly rich

and available
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Statistical Methods Directions

Two Types of “Policy” Questions
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Two Important Questions for Policy
Causal inference important for both!

Question #1
What are the “health effects” of pollution exposure?
• I.e., exposure-response estimation
• Most epidemiology focuses here

Question #2
What are the “health effects” of a specific policy or intervention?
• I.e., effectiveness of interventions
• Less focus here
• Particular lack of appropriate statistical methods

Different questions↔ Different challenges↔ Different methods
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Important Question #1
for informing policies

What is the causal effect of exposure to pollution on health?
(i.e.,exposure-response function)

ii

HEI Communication 11

effects that may be caused by exposure to air pollution can
also be caused by other factors (some changing over the
same time periods as air pollution concentrations).

Regulatory interventions to improve air quality, espe-
cially large national programs such as the US Clean Air Act,
may not immediately affect either air quality or public
health. Once regulations are instated, changes in pollutant
emissions, ambient pollutant concentrations, and human
exposure to ambient concentrations may not be immedi-
ately or uniformly evident, and the biological processes of
injury that underlie the health effects of air pollution may
not be immediately evident. The longer the time between
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possibility that other events may come into play and inter-
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The level of enforcement may complicate the analysis by
extending the anticipated time between intervention and
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clear. Whether and to what extent observational study
designs can meet these challenges is the task before us. The
inherent challenges are well documented in Communica-
tion 11, but recent advances in data collection and analytic
techniques provide an unprecedented opportunity to
improve our assessments of the impact of air quality
actions. To this end, this Communication is intended to
advance the concept of accountability and to foster devel-
opment  of  accountabil i ty methods and research
throughout the scientific and policy communities.

THE CHAIN OF ACCOUNTABILITY: A 
FRAMEWORK FOR RESEARCH AND PUBLIC 
HEALTH ACTIVITY

Future efforts to measure the impact of air quality regula-
tions will need to be based on a conceptual framework that
identifies key relations to be estimated and the resources
needed to do so. The NRC's Committee on Research Priori-
ties for Airborne Particulate Matter (NRC 1998) set out a
framework for linking air pollution sources to adverse
health effects. This framework can be used to identify indi-
cators for use in accountability assessment and leads to des-
ignation of the chain of accountability, which parallels the
links from sources to health effects (Figure 1). The connec-
tions between the links correspond to typical points at
which quantitative measures of accountability are possible.

Chain of accountability. Each box represents a link between regulatory action and human health response to air pollution. Arrows connecting the links
indicate possible directions of influence. Text below the arrows identifies general indices of accountability at that stage. At several stages, knowledge
gained from accountability assessment can provide valuable feedback for improving regulatory or other action.

Most Statistics/Epidemiology



cory.zigler@austin.utexas.edu 15 /32

Important Question #1
for informing policies

What is the causal effect of exposure to pollution on health?
(i.e.,exposure-response estimation)

• Essentially the focus of air pollution epidemiology for
decades

• Many open statistical problems
• Multipollutant mixture exposure-response functions
• Health effects at low exposures
• Spatial confounding, overlap, effect heterogeneity, etc.

• Broadly familiar “causal inference” problems
• Ongoing work in statistics, epidemiology, econometrics, etc.
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Important Question #2
for informing policies

Did a specific policy causally affect health?
(i.e., effectiveness of a policy)

ii

HEI Communication 11
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Important Question #2
for informing policies

Did a specific policy causally affect health?
(i.e., effectiveness of a policy)

• To what extent does a particular action cause health
improvements?

• Which effects can be attributed to which policies?
• Which policies are most (cost) effective?

• Comparatively less focus from statisticians/epidemiologists
• More opportunities for new statistical methods

development
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Statistical Challenges for Estimating Air
Pollution Policy Effectiveness

Example: Scrubbers on Coal Power Plants
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Two Fundamental Features

Generic question: What are the (causal) health effects of an
intervention taken to reduce pollution?

Two fundamental features:
1 Interventions occur at sources of air pollution

• E.g., installing emissions controls on power plant
smokestacks or enacting new vehicle emissions standards

2 Pollution moves from its originating source
• Long-range pollution transport
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Major Pollution Source: Power Plants
⇒ Many regulations to reduce emissions

• Some install “scrubbers” in
response to regulations

→ Reduce SO2 emissions
→ Reduce ambient pollution
→ Improve health

Example Question: Do scrubbers on coal-fired power plants
causally affect health among Medicare beneficiaries?
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Long-range Pollution Transport
Movement of pollution from sources→ populations
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• Emissions originating at a power plant
(yellow triangle) move
• Long distances towards conversion to

harmful pollution

• Lots of mechanistic knowledge of the
physics/chemistry from atmospheric
science fields

• Intervening at a power plant impacts
health at many zip codes (black dots)

• ⇒ inference on a “network” of
interconnected power plants/population
locations (interference)
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Long-range Pollution Transport
Movement of pollution from sources→ populations
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• Emissions originating at a power plant
(yellow triangle) move
• Long distances towards conversion to

harmful pollution

• Lots of mechanistic knowledge of the
physics/chemistry from atmospheric
science fields

• Intervening at a power plant impacts
health at many zip codes (black dots)

• ⇒ inference on a “network” of
interconnected power plants/population
locations (interference)
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Potential Outcomes amid Long-Range
Pollution Transport

Y ≡ health, A ≡ treatment

●

Zip Code j = 02138 (red dot)
Yj(?) ≡ Health outcome that
would be observed...
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Potential Outcomes amid Long-Range
Pollution Transport

Y ≡ health, A ≡ treatment

●

Zip Code j = 02138 (red dot)
Yj(Ai) ≡ Health outcome that
would be observed...

if the most influential (or
closest) power plant were
intervened upon
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Potential Outcomes amid Long-Range
Pollution Transport

Y ≡ health, A ≡ treatment

●

Zip Code j = 02138 (red dot)
Yj(A1, . . . ,A10) ≡ Health
outcome that would be
observed...

if the10 most influential power
plants were intervened upon
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Potential Outcomes amid Long-Range
Pollution Transport

Y ≡ health, A ≡ treatment

●

Zip Code j = 02138 (red dot)
Yj(A1, . . . ,A278) ≡ Health
outcome that would be
observed...

under a particular intervention
allocation to all 278 plants that
influence this location

Treating at any of these 278
plants affects health at 02138
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Potential Outcomes amid Long-Range
Pollution Transport

Y ≡ health, A ≡ treatment

●

Zip Code j = 02138 (red dot)
Yj(A1, . . . ,A278) ≡ Health
outcome that would be
observed...

under a particular scrubber
allocation to all 278 plants that
influence this location

Treating any of these 278
plants affects health at 02138
48 observed to have
intervention
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Intervention Effects Propagate Across
a Network

Network of 100s of power plants and 10Ks of population
locations

Interventions at Power Plants:
“Scrubber” Installation

No Scrubber
Scrubbed Facility

Affect
−→

Health at Population Locations
(Zip Codes)
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Intervention Effects Propagate Across
a Network

Network of 100s of power plants and 10Ks of population
locations

Interventions at Power Plants:
“Scrubber” Installation

No Scrubber
Scrubbed Facility

Affect
−→

Health at Population Locations
(Zip Codes)
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Interference Due to Treatment Diffusion

Interference introduces new causal quantities of interest:
• More than just accounting for or addressing structure of

variability (e.g., spatial correlation)
• Budding research on interference in specialized settings

• Infectious diseases
• Social networks

• Here, interference arises due to treatment diffusion
resulting in complex exposure dependencies
• Governed by atmospheric transport of pollution
• Treatment diffuses across a network

• New methods that are statistical/empirical, but make use
of extant knowledge from atmospheric engineering



cory.zigler@austin.utexas.edu 29 /32

Statistical Challenges for Estimating Air
Pollution Policy Effectiveness

Some Specific Statistical Methods Areas
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Statistical Methods Challenges

• Causal inference with interference
• Health outcomes depend on treatments applied at many

different units

• Treatment diffusion across spatial networks

• Mechanistic understanding of pollution transport
• Leverage knowledge from atmospheric science

• Causal inference + spatial statistics
• Disentangling effects of multiple concurrent/overlapping

policies
• Interventions impacting multiple pollutants (mixtures)

simultaneously
• Complex mixtures of exposures
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Closing Thoughts

Summary and Conclusions
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Summary: Data Science for Evaluating
Environmental Policies

• Policies of enormous consequence (huge costs and
benefits)

• High quality data are increasingly available
• Particular focus on the role of causal inference methods
• Significant challenges that are unique(?) to air pollution

• E.g., long-range pollution transport

• Key opportunities for statistical methods development:
• Causal inference + spatial statistics
• Statistics + mechanistic atmospheric models
• Networks/interference
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