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Accountability studies, as discussed in this brief paper, are defined as studies that attempt
to evaluate the impacts of specific actions taken to improve air quality. Obviously, one
important aspect of accountability studies is to determine how quickly and how much the
action actually reduced human exposures to air pollution. Certainly an exposure assessment
component of any accountability study is critical. However, this paper will focus primarily
on the epidemiologic considerations in evaluating human health impacts.
What are accountability studies?
Epidemiologic studies of air pollution are fundamentally attempts to exploit various
dimensions of exposure variability in real-world settings. Most of these studies rely on
naturally occurring exposure variability. Accountability studies are a subset of
epidemiologic studies that attempt to exploit policy-related, planned, or controlled
interventions that result in changes (usually reductions) in exposure and/or exposure
variability. From a public policy perspective, accountability studies of policy-related
planned interventions are important. Interest in these studies is motivated, in part, because
these interventions may impose economic-related costs on society, and it is reasonable to
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ask if there are compensating, tangible, and measurable improvements in air quality and
public health.
Relationship with other common air pollution epidemiologic studies
From an epidemiologic standpoint, accountability studies are not easily characterized in
contrast with or in relation to other epidemiologic study designs. One stylized way to
compare accountability studies with other health studies of air pollution is provided in
Table C.1. Studies of short-term episodes, daily time-series studies, and case-crossover
studies exploit naturally occurring temporal variability from changes in weather conditions,
emissions, etc. These studies have clearly demonstrated that short-term increases in
exposure can result in increased cardiopulmonary mortality and morbidity, ischemic heart
disease events, and other adverse health outcomes. These studies have also demonstrated
that subsequent short-term reductions in exposure result in similar reductions in the same
health outcomes, and they provide underlying estimates of improvements in health that
could be expected from an intervention that results in short-term reductions in air pollution
exposure.
Strictly ecologic cross-sectional studies, more sophisticated prospective cohort studies, and
a few long-term longitudinal panel studies have primarily exploited long-term spatial
variability. These studies have demonstrated that cross-sectional, long-term exposure to air
pollution is associated with excess cardiopulmonary disease, lung cancer risk, deficits in
lung function growth, and other adverse health endpoints — even while controlling for
various important individual risk factors. Effects are estimated to be much larger than those
due to only short-term exposure. These studies provide underlying estimates (or at least
realistic priors) regarding health improvements that could be expected from a planned
intervention that results in long-term reductions in air pollution exposures. In fact, studies
by the EPA and others to make accountability estimates of the benefits of policy-related
clean air actions are often based on these studies (U.S. EPA 1997; U.S. EPA 1999; U.S. OMB
2008).
Intervention studies
Also as noted in Table C.1, studies that have exploited changes in air pollution exposures to
specific interventions have contributed to the epidemiologic evidence of adverse health
effects of air pollution. Importantly, these studies have provided evidence regarding the
potential health benefits from specific intervention-induced reductions in air pollution.
Some of these studies are referred to as “natural” interventions studies. They are studies of
specific but unplanned interventions (such as the intermittent operation of the steel mill in
Utah Valley, the 1960’s copper strike, or the 1981–1982 U.S. economic recession that
induced differential reductions in air pollution across the United States). Similar studies
(often referred to as accountability studies) evaluate changes in exposure due to planned
interventions (such as enforcement of new air quality standards, the Dublin coal ban, sulfur
restrictions in fuel, etc.). The number of intervention studies (natural or planned) are
currently fairly limited, but they are growing. They have provided additional evidence of
adverse human health effects of air pollution and have added important and, in some cases,
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unique additional evidence regarding time scales of exposure, especially regarding
intermediate-term (months to years) time scales.
Ambiguities in classification of accountability studies
Many so-called accountability studies actually defy clear classification. For example, in
Table C.1, the Harvard Six Cities study, as originally reported in 1993 (Dockery et al. 1993),
is classified as a prospective cohort study that relied primarily on long-term spatial
exposure variability. However, as originally designed, this study was intended to be a
planned intervention (or accountability study). It was designed to study differential changes
in air pollution across the six cities due to the implementation of the U.S. Clean Air Act, its
amendments, and related national ambient air quality standards. An extended analysis of
the Harvard Six Cities cohort (Laden et al. 2006) with a longer follow-up may be considered
to be an accountability study because differential changes in air pollution eventually
materialized. Both studies, however, are based on the same prospectively followed-up
cohort and study design. Furthermore, after decades of follow-up, the differential changes in
air pollution across the six cites were due only in part to the planned interventions
associated with the Clean Air Act and enforcement of air quality standards. Economic
factors (especially in the steel and coal industries) and other changes influenced air
pollution levels. Even recent analyses of the American Cancer Society (ACS) cohort are
attempts to evaluate the health benefits of the Clean Air Act (and other) related air quality
improvements (Jerrett et al. 2007; Krewski et al. 2009) and could potentially be considered
accountability studies.
Chay and Greenstone (2003a, 2003b) conducted two studies, one ostensibly an unplanned
intervention or natural experiment (because it exploited economic-recession–induced
changes in air pollution) and the other, ostensibly a planned intervention or accountability
study (because it exploited Clean Air Act–related changes in air pollution). However, in
both studies, differential exposures were due to a combination of the Clean Air Act,
economic factors, and other factors. Similarly, the recent study of differential increases in
life expectancy related to differential declines in air pollution between 1980 and 2000 (Pope
et al. 2009) could be thought of and treated as an accountability study. Many of the changes
in air pollution occurred at least partially as a result of Clean Air Act–related interventions.
However, there were a variety of uncontrolled factors that influenced the changes in air
pollution. Furthermore, this study was in important ways simply a classic natural
experiment study with a straightforward first-differences analytic design.
Appeal and limitations of accountability studies
Although accountability studies often defy clear classification, the basic underlying
approach is appealing. An ideal accountability study would be directly related to a specific,
well-defined, and planned intervention. It would have a prospective design with adequate
measurement of exposure and health endpoints before, during, and after the intervention.
The intervention would result in temporally and/or spatially well-defined and clearly
exogenous changes in exposure. A fundamental appeal of an ideal accountability study is
that there is more exogeneity with regard to the changes in air pollution exposures and thus
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less opportunity for confounding. This reasoning suggests that these planned intervention
studies are the closest epidemiologic equivalent to controlled experimental studies (see
Table C.1).
Accountability studies, however, are rarely or never ideal. They have limitations similar to
other epidemiologic study designs. For example, there are often only very small changes in
exposures, or larger changes are applicable only to small populations, resulting in limited
statistical power. Exposure changes are often not truly exogenous, but are associated with
other changes that may affect health, resulting in the potential of confounding. Also, the
temporal changes in exposure are not always sharp, well-defined, or easily distinguished
from natural temporal trends.
Importance and future of accountability studies
Recognizing some of the ambiguities and limitations of accountability studies does not
diminish the quality or importance of some of these studies. There is clearly a future for
planned intervention/accountability studies, and they are likely to eventually provide a
block of epidemiologic evidence comparable to (and certainly overlapping with) evidence
provided by time-series, case-crossover, prospective cohort, and other study designs. While
we recognize that these studies have limitations similar to other epidemiologic studies, we
should continue to be opportunistic with regard to exploring appropriate circumstances to
conduct intervention studies (both natural and planned). How many other opportunities
such as the Dublin coal ban (Clancy et al. 2002) are being missed? What more can we learn
about the health effects of changes in air pollution that are continuing in the United States
due to new air pollution standards? Are there opportunities in heavily polluted developing
areas that have started — or may begin serious attempts — to control or reduce pollution?
We can also attempt to be more innovative and proactive, similar to the example provided
by the improved cooking stove study (McCracken et al. 2007). The Health Effects Institute’s
initiative and leadership regarding efforts to more fully exploit and even create
opportunities for quality accountability research are important.
Intervention studies have added to and will continue to add to the epidemiologic evidence
regarding the health effects of air pollution, and they will further improve our knowledge
base. They provide direct evidence for specific interventions and help facilitate benefit–cost
and related analyses of well-defined and planned policy actions. Accountability studies
allow for better-planned prospective study design, data collection, and analysis. They also
may have a clearer exogenous source of change in exposure with less potential for
confounding. Ultimately, however, accountability, broadly defined and within the context
of demonstrating compensating, tangible, and measurable improvements in air quality and
public health, requires high-quality epidemiologic and related research that is also more
broadly defined. This research must integrate exposure assessment efforts with a variety of
epidemiologic and other study designs and approaches. Accountability studies can be, and
are likely to be, an important part of this overall effort.
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Table C.1. Outline of studies on the health effects of air pollution as related to accountability studies.
General
Study Designs
Episode

Examples
Smog in Donora, Penn., 1948 (Schrenk
et al. 1949)
Fog in London, U.K., 1952 (Logan
1953)

Time-series

NMMAPS (Samet et al. 2000)

Dimensions of
Exposure Variability

What Have We Learned?

Short-term (a few days–
weeks) temporal
variability, from
changes in weather
conditions, emissions,
and other.

Short-term increases in exposure result in
increased cardiopulmonary mortality,
morbidity, and other adverse health outcomes.
Subsequent reduced exposure results in similar
reductions in mortality and morbidity.

Primarily long-term
(years–decades) spatial
variability (with some
longer-term temporal).

Annual mortality rates and children’s lung
health correlate with long-term (years) crosssectional differences in air pollution.

APHENA (Samoli et al. 2008)
Casecrossover

Mortality in 27 cities (Franklin et al.
2007)
Mortality in 14 cities (Schwartz 2004)
Ischemic heart disease events (Pope et
al. 2006)

Crosssectional

U.S. mortality (Lave and Seskin 1970;
Özkaynak and Thurston 1987)
Children’s health (Raizenne et al.
1996)

Prospective
Cohort and
long-term
panel

Harvard Six Cities study (Dockery et
al. 1993)

Excess cardiopulmonary disease and lung
cancer risk, deficits in lung function growth,
etc., associated with long-term exposure, even
controlling for individual risk factors. Effects
much larger than from short-term exposure.

American Cancer Society study (Pope
et al. 2002)
Women’s Health Initiative
observational study (Miller et al. 2007)
U.S. Medicare population study (Zeger
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et al. 2008)
Southern California Children’s Health
Study (Gauderman et al. 2004)
Unplanned
intervention/

Utah Valley steel mill closure (Pope
1996)

natural
experiment

Recession (Chay and Greenstone
2003b)
Copper strike (Pope et al. 2007)

Planned
intervention/
accountability

Harvard Six Cities study (Laden et al.
2006)
Clean Air Act (Chay and Greenstone
2003a)

Intervention-related
changes in exposures.
Includes short-term,
long-term, and
intermediate-term (few
months–few years)
temporal. Also,
repeated crosssectional, first
difference, etc.

Adverse human health effects observed —
comparable to other epidemiologic studies.
These studies have added important additional
evidence regarding time scales of exposure,
especially regarding intermediate-term time
scales.

Can include direct
cross-subject variability
for a variety of time
scales.

Although not entirely consistent, the controlled
experimental studies are providing growing
complementary evidence of adverse human
health effects of air pollution.

Dublin coal ban (Clancy et al. 2002)
Hong Kong sulfur restrictions (Hedley
et al. 2002)
Chimney stove intervention
(McCracken et al. 2007)
U.S. life expectancy (Pope et al. 2009)
Toxicology

Human instillation (Ghio and Devlin
2001)
Human chamber controlled exposure
(Brook et al. 2002; Brook et al. 2009)
apoE mice inhalation (Sun et al. 2005)

Abbreviations: APHENA = Air Pollution and Health; NNMAPS = National Morbidity, Mortality, and Air Pollution Study.
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