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A Brief History of Uncertainty
Analysis iIn OAR: 1970’s and 1980’s

Statistical uncertainty and sensitivity analyses

Innovations:
Expert elicitations for lead and ozone health risks

Probabilistic dose-response for two health outcomes
for lead exposure elicited from 10 national experts

Probabilistic risk assessment for alternative ozone
standards based on expert judgment — was not relied
on In final decision

PM10 NAAQS RIA used a confidence binning
approach to characterize tradeoffs between confidence
and comprehensiveness of results



A Brief History of Uncertainty
Analysis in OAR: 1990’s

Additional expert elicitation for chronic lung damage
associated with ozone — was not used for the NAAQS
review process, was used to inform decisionmakers
about the chronic effects of ozone exposures

State of the art analysis of the uncertainties of a
secondary lead risk assessment

Incorporation of a full 2-dimensional Monte Carlo
treatment of uncertainty and variability in TRIM.FaTE
(EPA’s multimedia fate and transport model)

Section 812 report provided uncertainty estimates for
benefits of the Clean Air Act, based on S.E. for health
effects and distributions of unit dollar values



First 812 Retrospective Report (1997)

Costs / Benefits (billion $)
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A Brief History of Uncertainty
Analysis in OAR (post 2000)

Ozone and PM NAAQS risk analyses provide
probabilistic risk estimates, as well as
numerous sensitivity analyses;

Ozone NAAQS exposure assessment
orovides comprehensive uncertainty analysis;

RIAs provide probabillistic estimates of
penefits based on expert elicitation and meta-
analysis results




A Brief History of Uncertainty
Analysis in OAR: 2000-current

Recent SAB and NAS advice s
2002 report — “Estimating the Public Health E:.
Benefits of Proposed Air Pollution i -

Regulations” =
recommended moving probabalistic
analysis into main body of RIAs

also noted that regulatory action might be
necessary in the presence of substantial
uncertainty. They state that “Even great
uncertainty does not imply that action to
promote or protect public health should
be delayed.....Complete certainty is an
unobtainable ideal.”



A Brief History of Uncertainty
Analysis in OAR: 2000-current

OMB guidance: new guidelines (Circular A-4) require
probabilistic analysis for rules costing more than $1
billion

Common themes between NAS and OMB:

Focus on ranges and distributions rather than point
estimates

Use probabilistic characterizations where possible

Expand sensitivity analyses to cover more
uncertainties

Begin using expert elicitations to characterize
distributions where data are not available

Use influence analysis to identify most important
sources of uncertainty



Types of analyses where uncertainty
plays a role

NAAQS rulemakings for criteria pollutants
Risk and exposure assessments

Policy assessments
RIAS

AlIr toxics rules and assessments (e.g., Residual risk

assessments, the National Air Toxics Assessment —
NATA)

Analysis of risks and exposures

Implementation rules (e.g. CAIR, Nonroad Diesel)
RIAS
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Clean Air Act Pollutants

“CRITERIA” air pollutants
Ozone, PM, CO, NO,, SO,, Lead
Ubiquitous, from numerous and diverse sources

Known public health and welfare concerns at historic
ambient levels; extensively studied over time

Science-based National Ambient Air Quality Standards
(NAAQS), with periodic reviews

Hazardous air pollutants (“AIR TOXICS”)

188 substances listed in CAA (e.g., Benzene, Methylene
chloride, Cadmium compounds, . . .)

Although several have substantial health effects data bases,
most others have very limited data

May be more important on local scale
Source-based technology and risk-based standards
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Recent OAR progress In characterizing
uncertainty*

PM Expert Elicitation
Completed in October 2006

One article already accepted in ES&T, 2 being prepared for
submission

Results used in PM and Ozone NAAQS RIAs

Ozone mortality meta-analyses
3 articles published in Epidemiology along with 3 editorials

Results used in Ozone NAAQS RIA and discussed in
Criteria Document & Staff Paper

Ozone NAAQS exposure and health risk assessment

e Employed Bayesian MCMC approach for exposure-response
functions for lung function changes

Extensive uncertainty assessment for exposure analysis

Emissions factors uncertainty assessment

Draft report completed in February 2007
(http://www.epa.gov/ttnchiel/efpac/uncertainty.html) 12

*This provides highlights and is not a comprehensive listing



Current practice (1): Integrated
Uncertainty Assessments

Statistical Uncertainty

For studies that can be pooled, estimate confidence intervals on
guantified health effects accounting for within-study and between-study
variability.

When pooling is not appropriate, present alternative estimates to show

the impact of assuming different C-R functions or endpoint definitions. In

each case, provide confidence intervals based on reported standard
errors.

For RIA benefits assessments, uncertainty in valuation is characterized
using distributions based on the economic valuation literature. These are
combined with the incidence distributions using Monte Carlo techniques.

Model Uncertainty

Application of results from PM Expert Elicitation in PM and Ozone
NAAQS RIAs

Bayesian MCMC analysis used in estimates of lung function changes in
Ozone NAAQS risk analysis

Generally, uncertainty in emissions and air quality are
not included in current uncertainty assessments



Current practice (2): Other methods

Sensitivity analyses

Used to address model uncertainty and uncertainties for
which probabilistic characterization is not informed by the
literature. For example, for PM mortality, we examined the
Impact of alternative thresholds and lag structures

RfC calculations

Incorporate explicit default uncertainty factors in derivation of
RfC values
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Current Practice (3): BenMAP
Uncertainty Characterization

BenMAP is EPA’s model for
estimating the health impacts and gwM AP
monetized benefits of air pollution - A A .
regulations @)
BenMAP can propagate uncertainty i
from a number of sources using rrE—— ———

2 Edit Distribution Values o=

standard distributions or custom

distributions (such as those obtained |
from expert elicitations) O ——
BenMAP provides central tendency | “"an o

estimates as well as percentiles of o | e

distributions for input and output Lo JL o] |
distributions J e | j
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How Is uncertainty currently presented
to decision makers?

Risk analyses
Regulatory impact/Benefits analyses
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Risk Analysis Uncertainty
Presentation: 2006 PM NAAQS (1)

Quantitative uncertainty analysis included
only the statistical uncertainty surrounding the
coefficients in the concentration-response
functions

Sensitivity analyses are also used to examine
model responsiveness to uncertain model
parameters

Additional qualitative discussions of key
sources of uncertainty are provided
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Risk Analysis Uncertainty Presentation: 2006
PM NAAQS (2
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Risk Analysis Uncertainty
Presentation: Ozone NAAQS (1)

Quantitative uncertainty analysis for both exposure and risk
analyses

Comprehensive 2-dimensional Monte Carlo uncertainty &
variability analysis for exposure modeling

For lung function changes, Bayesian MCMC approach used
to develop probabilistic estimates. Incorporates a number of
sources of uncertainty, including the shape of the exposure-
response function

Uncertainty analysis for the epidemiology based risk
estimates only includes the statistical uncertainty
surrounding the coefficients in the concentration-response
functions

Sensitivity analyses are also used to examine model
responsiveness to uncertain model parameters

Additional qualitative discussions of key sources of uncertainty
are provided
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Risk Analysis Uncertainty
Presentation: Ozone NAAQS (2)

Uncertainty distribution for the estimated percent of children with any 8-hour exposures
above 0.06 ppm-8hr at moderate exertion (point estimate is 62%)
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Figure 4-4. Uncertainty of percent of children with exposures above 0.06 ppm-8hr (Boston
2002 base case)



Risk Analysis Uncertainty
Presentation: Ozone NAAQS (2)

Figure 5-3a, b, c. Probabilistic Exposure-Response Relationships for FEV1 Decrement > 10% and > 15% for 8-Hour
Exposures Under Moderate Exertion: Comparison of 90% Logistic/10% Linear (Hockeystick) Split and 80% Logistic/20%
Linear (Hockeystick) and 50% Logistic/50% Linear (Hockeystick) Splits in Assumed Relationship Between Exposure and
Response

21



Risk Analysis Uncertainty
Presentation: Ozone NAAQS (3)




Risk Analysis Uncertainty
Presentation: Air Toxics (1)

In general, the focus of these assessments is on
estimating the exposure and risk to the maximum
exposed individual, and if that risk is low enough,
there is no need to refine the assessment or quantify
the uncertainty

So, assessments use a tiered, iterative assessment
approach which tends to overestimate the risks in the
early tiers -- if results show high risks, refinements
may include quantifying uncertainties

When results show high risks, variability of exposures
across a population is often assessed using
probabilistic or stochastic techniques
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Risk Analysis Uncertainty
Presentation: Air Toxics (2)

Quantitative uncertainty analysis is not available for
dose-response values (potency and RfCs).

Assessment identifies (qualitatively) key uncertainties
and assumptions in dose-response assessment.

Sensitivity analyses are conducted where alternative
dose-response values are available.

Quantitative treatment of uncertainty is possible for
some parameters in the exposure assessment where
data is available (e.g., emission rates, long-term
population mobility) and might be appropriate where
risks are potentially significant.
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Benefits Analysis Uncertainty
Presentation:. PM NAAQS RIA (1)
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Figure 5-12. Results of Probabilistic
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Benefits Analysis Uncertainty
Presentation: PM NAAQS RIA (2)

Cumulative Probability

Figure 5-14. Results of Probabilistic Uncertainty

Analysis: Cumulative Distributions of Dollar Value
of Health and Welfare Impacts Associated with
lllustrative Strategies to Attain 15/35, Incremental
to Attainment of the 1997 Standards
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classical statistical error derived from the standard
errors reported in epidemiology studies and distributions
of unit values based on empirical data. Visibility benefits
are included as a constant. Mortality distributions
labeled Expert A - Expert L are based on individual
expert responses. The distributions labeled Pope et al
(2002) and Laden et al (2006) are based on the means
and standard errors of the C-R function from the studies.
Dollar benefits have been adjusted upwards to account
for growth in real income out to 2020.
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Benefits Analysis Uncertainty
Presentation: PM NAAQS RIA (3)
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Benefits Analysis Uncertainty
Presentation: O3 NAAQS RIA




How do recent and proposed decisions
reflect uncertainty information?

2005 coke ovens residual risk rule
2006 PM NAAQS decision
Proposed O3 NAAQS Decision
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2005 coke ovens residual risk rule

Maximum Individual Risk (MIR) estimated to be 200
In a million.

For air toxics, 100 in a million is normally considered
to be the upper bound on acceptable MIR

Even with a high estimated maximum individual risk
the decision was made that risks were acceptable
due to concerns that adjustments for uncertainties
had led to overestimation of risk — no further action
was taken.
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2006 PM NAAQS decision

Quantitative risk analysis was conducted and
reviewed by the CASAC

In the final decision, uncertainty was cited as reason
to use the risk analysis in more supportive role and
not rely on probabilistic estimates of risks in the
decision on standard levels
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Proposed O3 NAAQS Decision

Uncertainty in exposure and risk information provided

“Exposures of concern” — benchmark levels to reflect health
concerns not captured in the quantitative risk assessment.
These were used in justifying the proposed range of
standards

On the other hand, risk analysis estimates were
considered too uncertain to use in justifying the proposed
range.

In addition, stakeholders focused on uncertainties in their
comments on the proposal:

American Petroleum Institute comments that EPA’s risk
estimates are too uncertain for current and alternative
standards to provide basis for concluding that current
standard fails to provide the requisite protection

ED, NRDC, Sierra Club, ALA, ATS, APHA all comment that
the likelihood that EPA understates risks due to uncertainties
In the risk modeling suggests that EPA should be more
protective in setting the level of the standard
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The Uncertainty Feedback Process
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Case Example: Particulate Matter

Research
Particulate Matter and Premature Death
Results

By the early 1990’s: Limited number of statistical studies
showing a link between fine particulate matter and premature
death, little supporting clinical or toxicological data

Interpretation
EPA set new PM2.5 standards in 1997.

EPA estimated the new standards would result in 15,000 fewer
deaths from PM2.5 in 2010.

Reactions

Claims of “junk science” from industry and conservative
stakeholders, demands for release of research data,

Support for more protective standards from ALA and
environmental groups, and hundreds of articles in the press and
academic journals
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Case Example: Particulate Matter (continued)
— Outcomes part 1

General Accounting Office Report: Use of Precautionary Assumptions in
Health Risk Assessments and Benefits Estimates

Found that EPA had not generally adopted precautionary assumptions in
estimating benefits of NAAQS

HEI Reanalysis costing ~ $2 million
Affirmed findings of original studies
Suggested areas for additional research

Extension of Freedom of Information Act

Requires agencies to “ensure that all data produced under a [Federal] award
will be made available to the public through procedures established under
the FOIA.”

Still causing concerns within scientific community over confidentiality of
subject data and proprietary data

Appropriations bill language requesting NAS study of benefits analysis
methods

NAS study completed in 2002
Confirmed that EPA’s approach is generally reasonable

Recommended enhanced treatment of uncertainty, including that
surrounding the PM-mortality relationship

Suggested using “expert judgment” to help characterize uncertainty



Case Example: Particulate Matter (continued)
— Outcomes part 2

Hundreds of new studies examining the relationship
between PM and health effects, sponsored by EPA, HEI,
Industry, and state agencies.

Full scale expert elicitation conducted by EPA to
characterize uncertainty in the PM mortality relationship

Scientific foundation for PM health effects upheld — 20 of
22 CASAC members supported tighter daily and annual
PM standards

As a result, new, even tighter daily standard set in 2006 -
- However, the decision to tighten the daily but not the
annual standard was based on interpreting the evidence
and did not use the quantitative risk analysis because it
was determined that it was “too uncertain”.



Barriers to enhanced use of uncertainty
iInformation in decision making

Lack of formal process for incorporating uncertainty
In decisions — leads to potential for improper
characterization of uncertainty and misuse

Steep learning curve for use of uncertainty
Information by decision makers who often do not
have the technical background to fully incorporate the
complexities of guantitative analyses, let alone
probabilistic uncertainty analyses

EPA exposure/risk/benefits assessors are still in the
learning phase on how to best communicate and
synthesize complex quantitative and uncertainty
assessments into useful products that decision
makers can understand and incorporate into their
decision making
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So How Do We Improve the Process?

Clear that we need a better understanding of uncertainty in the
translation of scientific results into policy analysis

Uncertainty C Doubt
Sound Science CUnanimity
Uncertainty should not be manufactured, just communicated

Ranges that span from - to + do not help inform decision-
making. More focused uncertainty characterizations that identify
opportunities for research are much more useful.

Some uncertainties are unlikely to be reduced because of ethical
or other considerations — for example in HAP analyses, animal
models are likely to continue to form the basis for potency factors
due to ethical concerns about exposing humans to carcinogens

Also need better communication with decision makers and
stakeholder groups to explain our choices of assumptions

Moving forward in both areas through research and tool
development — but we need a consistent approach to developing,
applying, and communicating uncertainty throughout offices and
the agency
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