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Partnerships between academia and industry in the U.S.
Statisticians from academia in the U.S. are encouraged to participate in the

transfer of new knowledge to industry (includes both industry and government).
We (in academia) are able to guide our research based on the needs of the ac-
tual users of statistics, and we pursue and see industry as an important funding
source. With our new developments in statistical theory we lead industrial prob-
lem solving into the future. This cooperation between academia and industry in
the U.S. has been very successful, in part due to the fact that, we give as much
credit to a joint publication addressing a signi�cant real problem in a creative
way, as we do to a theoretical paper addressing a relevant problem. We also
believe that sending a PhD. graduate to a very good industrial position that
requires a Ph.D. level training, is as valuable to our program and the profession
as sending the student to an academic position.

In the U.S., statisticians from academia and industry very frequently ex-
changes roles, with faculty members taking one-semester to one-year �sabbati-
cals" from academia to contribute to industry, and industrial statisticians taking
�sabbaticals" to work within universities. This two-way exchange of knowledge
helps industry to inform academia of their needs for broadly educated statisti-
cians, rather than menu-driven technicians. Apart from sabbatical opportuni-
ties, industry very often uses statisticians in academia for the solution of signif-
icant industrial problems, through research grants, contracts, and cooperative
agreemments with academic institutions.

As a professor of statistics in a U.S. University, I have had the opportunity
to work extensively in industry, where industry in my case refers to the U.S.
Environmental Protection Agency (EPA).

The birth of EPA
In July of 1970, the U.S. White House and Congress worked together to

establish the EPA in response to the growing public demand for cleaner water,
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air, and land. Prior to the establishment of the EPA, the federal government was
not structured to make a coordinated attack on the pollutants that harm human
health and degrade the environment. EPA was assigned the task of repairing
the damage that had been done to the natural environment, and establishing
new criteria to guide Americans in making a cleaner and healthier environment
a reality.

EPA leads the nation's environmental science, research, education, and as-
sessment e�orts. The mission of the EPA is to protect the environment and
human health. When Congress writes an environmental law, EPA implements
it by writing regulations. Often, EPA sets national standards that are enforced
through their own regulations. EPA enforces the regulations, and helps compa-
nies to understand the requirements.

EPA employs 18,304 people across the country, including the headquarters
o�ces in Washington, DC, 10 regional o�ces, and more than a dozen laborato-
ries. The EPA sta� are highly educated and technically trained; more than half
are engineers, scientists, and policy analysts. In addition, a large number of
employees are legal, public a�airs, �nancial, information management and com-
puter specialists. Approximately, 100 of the employees are statisticians, though
there are many engineers with some statistical training.

From regulating auto emissions to banning the use of DDT; from protecting
the ozone layer to cleaning up toxic waste; from increasing recycling to revital-
izing inner-city brown�elds, EPA's achievements have resulted in a cleaner air,
purer water, and a much better protected land and ecosystem, and statistics has
played a very relevant role, by supporting the research programs and assisting
in the formation and development of environmental policy.

What do statisticians do at EPA?
Statistics could be de�ned as the scienti�c application of mathematical prin-

ciples to the collection, analysis and presentation of numerical data. We (statis-
ticians working on environmental protection) contribute to scienti�c inquiry, by
applying our mathematical knowledge to the design of surveys and experiments
(for e.g., national aquatic assessments); collection, processing, and analysis of
data; prediction of pollution levels; studying correlations between pollution and
health e�ects; and very importantly in the interpretation of the results.

Statisticians at EPA recently have been playing a very relevant role in the
�eld of environmental health. Statisticians provide scienti�c expertise to assist
EPA's air pollution program o�ce on risk assessments and other program needs
related to studies on the health e�ects of air pollutants. Statisticians also lead
e�orts in the evaluation of epidemiologic evidence on health e�ects of air pollu-
tants, and contribute to the integration and synthesis of evidence on the health
impacts of air pollutants.

There are many areas of statistical research at EPA, all within the context
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of environmental protection. The agency is currently very interested in the
characterization of uncertainty in data and models. Since statistics could be
considered the science of �uncertainty", statisticians at EPA are leading that
e�ort. This interest in characterization of uncertainty has also led to more
opportunities for collaborations between academic statisticians and EPA.

Impact of statistics on policy and regulation

Statisticians at EPA play a very important role in assisting in the formation
of environmental policy. For instance, by providing a logical framework that
shows �signi�cant" statistical associations between environmental stressors and
adverse human health outcomes. Recently, I have been a member of a committee
of the National Academy of Sciences studying the link between exposure to
ambient ozone and mortality. The association was studied using statistical
models. Our report concluded that short-term exposure to smog, or ozone, is
clearly linked to premature deaths, and that should be taken into account when
measuring the health bene�ts of reducing air pollution. This is an important
result, because it could lead to di�erent regulation for ambient ozone. The
�ndings contradict arguments made by some White House o�cials that the
connection between smog and premature death has not been shown su�ciently,
and that the number of saved lives should not be calculated in determining
clean air bene�ts.

Statisticians at EPA also provide input to policy development, by facilitat-
ing the undertaking of a statistical inferential approach to monitoring design.
An environmental monitoring program has to be adequate in its quality and
quantity of data, so that the EPA environmental objectives can be assessed.
However, monitoring programs can fail to return satisfactory information for
policymakers, because future statistical needs were not anticipated, potential
confounding factors were not considered, or sampling protocols did not specify
suitable randomization. A statistical framework for monitoring design should
result in data which are more general in their interpretation. Another key in-
termediate role exists for statisticians in providing a logical framework for using
monitoring data to test hypotheses about ful�llment of the EPA environmental
objectives.

Despite the relevant role that statistics can play in the formation and devel-
opment of environmental policy. Statistical models can not be used to determine
compliance with air quality standards. The statements of U.S. environmental
air quality policy are intended to be assessed using only information from mon-
itoring programs. Therefore, at a location where we do not have a monitoring
station, lack of compliance could not established based on a statistical inter-
polation of nearby monitoring data. Instead, a monitoring station should be
placed at that location. What would be the reason for not using the most natu-
ral statistical approach to determine compliance? Well, EPA is very often sued,
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and it is very di�cult to defend successfully in court, a result based on a sta-
tistical interpolation model. Because there is not a �perfect" statistical model,
and di�erent models could provide di�erent results.

It is, in fact, very di�cult to defend statements in court based on statistical
analyses. I was recently working for the U.S. Department of Justice, in a case
against some companies that were emitting very high levels of pollution. The
government was using EPA deterministic air quality models to determine the
levels of particulate matter (PM), a pollutant that is being regulated in the
U.S., that were potentially obtained due to the emissions from the companies
being sued by the government. Statisticians from both sides were presenting
their cases. The main point of the other side was that the EPA deterministic
air quality models are not perfect, they have their own uncertainties, and if
one takes into account the magnitude of their uncertainty. Then, there was not
evidence that the obtained levels of PM were �signi�cantly" larger than they
would be without the emissions from the companies under consideration. But
there is not a unique way to characterize uncertainty, so each side was presenting
di�erent characterizations that led to di�erent results.

This di�culty for the agency to defend in court their potentially statistical-
based environmental regulations, is one of the reasons why statistics is not as
widely used as it should be in the context of environmental policy and regulation.
However, slowly this is changing, and statistics is starting to make its way
through, and mainly due to the unavoidable need of uncertainty analysis, since
lack of characterization of uncertainty can lead to faulty assessments, some of
which have serious consequences. However, as I mentioned before, it is not easy
to determine which ones are the �right" or �defendable" uncertainty analyses.

Statistical software at EPA
The main statistical software that statisticians at EPA have always used in

SAS. However, in the last few years, R is starting to be very widely used at
EPA, and not only by the statisticians. Other popular softwares in academia,
such as WinBUGS, are not yet as widely used at EPA. Mainly, because the
characterization of uncertainty has been done for the most part using simulation
Monte Carlo approaches, rather than hierarchical fully Bayesian frameworks.
However, this more complex Bayesian frameworks introduced by some of us,
are now being adopted by EPA to produce maps of pollution levels across the
country, to determine if the pollution levels are increasing or decreasing.

Most of the programming at EPA is done using FORTRAN, since that is the
programming language used for most of the EPA deterministic and stochastic
models, in particular for air quality models and some of the exposure models.

A statistician at EPA is expected to have high level computing skills.
There are many challenges that statisticians have to face when working in

multidisciplinary research teams on the interface between science and policy.
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Persuasion becomes vital when working in a team, especially if you are a statis-
tician, as some may not see statistics as having an important role. However,
having the opportunity to motive my research by important scienti�c problems
on environmental protection, and seeing the impact that is having on our society,
the ecosystem, and human well-being, is extremely rewarding. While much has
been accomplished, many more challenges and exciting projects remain ahead.
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