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CHAPTER 1 | INTRODUCTION

Section 812 of the Clean Air Act Amendments of 1990 (CAAA) established a
requirement that the U.S. Environmental Protection Agency (EPA) develop periodic
reports that estimate the benefits and costs of the Clean Air Act (CAA). The first analysis
conducted was a retrospective analysis, addressing the original CAA and covering the
period 1970 to 1990. The retrospective analysis was completed in 1997. The second
Section 812 report was completed in 1999 and addressed the incremental costs and
benefits of the CAAA. This first prospective analysis covered implementation of the
CAAA over the period 1990 to 2010.

EPA’s Office of Air and Radiation (OAR) began work on the second prospective with the
drafting of an analytical plan for the study. This analytical plan was reviewed by a
statutorily-mandated outside peer review group, the Advisory Council for Clean Air
Compliance Analysis (Council), and the Council provided comments, which have been
incorporated into the technical analysis planning. This report explores and provides some
perspective on uncertainties associated with the benefits and costs estimated for the
second prospective section 812 analysis.

PURPOSE AND SCOPE

The second prospective analysis of the CAA provides a comprehensive economic
analysis of air regulations using the best available methods and data. Nonetheless, as
with any complex policy analysis, the costs and benefits generated by this analysis
are estimated with uncertainty. This uncertainty reflects an array of issues: data and
model limitations, measurement error, and the various modeling assumptions and
choices necessary to implement such a sophisticated and large-scale analysis. The
identification and appropriate characterization of these uncertainties is an integral
part of the second prospective analysis because it provides appropriate context for the
results, highlights key limitations of the current analysis, and helps readers to
understand the potential impact of alternative analytical choices on benefits and costs.

This uncertainty analysis reflects some significant new efforts on the part of EPA to more
rigorously investigate and in some cases quantify an array of factors that contribute to
uncertainty. Most of these analyses focus on key uncertainties in the estimation and
monetization of avoided mortality benefits, which is appropriate given they represent a
majority of the monetized benefits estimates associated with the CAAA. These analyses
include a more expansive analysis of particulate matter (PM)-mortality concentration-
response (C-R), alternative means of modeling mortality risk changes and how they are
realized over time, and the sensitivity of monetized benefits to the choice of alternative
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distributions for the metric used to value avoided mortalities, the value of statistical life
(VSL). This study also includes updated assessments of uncertainties in the “upstream”
analytical elements of emission estimation and air quality modeling, an analysis of
uncertainties in visibility benefits of the CAAA, and targeted cost uncertainty analyses
addressing the impacts of key analytical assumptions on cost projections.

Conducting a comprehensive uncertainty analysis for a national-scale study with a scope
as expansive as the Section 812 Benefit-Cost Analysis is a challenging task. The
complexity of the air quality modeling system used in the analysis, and the time and
resources needed to run it, make it impractical to employ simulation techniques that use
statistical sampling to analyze the impact of upstream uncertainties in emissions and air
quality modeling inputs on the criteria pollutant concentration outputs. Both the National
Research Council (NRC) in its 2002 report evaluating EPA’s air quality benefits analysis
procedures and the EPA Science Advisory Board’s Advisory Council on Clean Air
Compliance Analysis (the Council) in numerous advisories have encouraged more
comprehensive analysis of uncertainties in benefits analyses for air quality regulations.’
While the NRC report presents ambitious and laudable long-tem goals for Agency
analysis, the data and methodologies required to meet many of these goals are not
available for application in the current 812 analysis.

To make progress toward improved treatment of analytical uncertainty, the 812 Project
Team (the Project Team) pursued a more incremental strategy in the second 812
prospective, guided by four objectives that we shared with the Council in 2007:

« Identify reasonable incremental advances in uncertainty analysis suitable for
application within a complex national-scale study;

» Conduct sensitivity analyses that provide policy-relevant insights concerning
impacts of alternative assumptions on benefit and cost estimates for the CAA;

» Where appropriate, incorporate EPA’s latest tools and data for uncertainty
analysis (e.g. the PM mortality expert elicitation, EPA’s Response Surface Model
(RSM) for PM); and

 Enhance presentation of results and uncertainty through the use of graphics to
complement tabular summaries.

Before providing an overview of the Project Team’s approach to uncertainty analysis, we
review the approach taken in the First Prospective Study.

' National Research Council (2002). Estimating the Public Health Benefits of Proposed Air Pollution Regulations. National
Academies Press, Washington ,D.C.
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OVERVIEW OF UNCERTAINTY ANALYSIS APPROACH IN THE FIRST PROSPECTIVE
EPA made use of four methods for characterizing uncertainty in the first prospective:
probabilistic modeling; sensitivity tests; alternative paradigms; and qualitative
characterizations.

1.2.1 PROBABILISTIC MODELING

In the first prospective, the Project Team used probabilistic analysis to model uncertainty
in the human health effects of criteria pollutants and in the economic valuation of human
health effects. For example, the VSL input was based on analysis of results of 26
mortality risk valuation studies. In order to characterize uncertainty in this important
input parameter, we used the "discrete distribution of the best available estimates [i.e., the
26 studies] as a basis for quantitatively characterizing the probability of alternative
values."

The probabilistic approach in the first prospective was limited in scope to those portions
of the analysis where the Project Team could readily generate probabilistic
characterizations of uncertainty - this included the C-R and valuation steps. In addition,
the quantitative characterizations largely reflected measurement uncertainty and cross-
study variability in those steps, and did not extend to model or paradigm uncertainty. The
scope of the quantitative results also did not include quantitative characterizations of
uncertainty in emissions, air quality modeling, or cost estimates.

1.2.2 ALTERNATIVE PARADIGMS

The Project Team used the alternative paradigms approach in the first prospective to
examine the impact of several key methodological choices, including: the choice to use a
statistical life approach, rather than a statistical life years approach, to estimate the
economic benefits of reduced mortality; the choice of a single study to characterize the
relationship between PM exposure and premature mortality; and the choice to omit
several quantifiable but less well-supported categories of environmental benefits (e.g.,
residential visibility). Ideally, we would have liked to examine these model choices using
some sort of probabilistic analysis. Short of an expert elicitation approach, however, we
found no reliable means to assess the relative likelihood of these model choices being
“correct.” As a result, the direction and magnitude of the uncertainty in these model
choices was considered by examining the effects of employing alternative paradigms or
models.

1.2.3 SENSITIVITY TESTS

The Project Team applied sensitivity analysis in a number of different sections of the first
prospective. One of the most prominent examples was in the cost estimates, where
sensitivity analysis was used to evaluate the effect of altering certain key input
parameters. Sensitivity tests were used to examine the impact of key assumptions and
data limitations on estimates of direct costs of six major cost-driving provisions, and
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qualitative characterizations were used to examine the potential impact of other factors on
the overall uncertainty in cost estimates. The six provisions were: California
Reformulated Gasoline, PM National Ambient Air Quality Standards (NAAQS) controls,
the Low Emissions Vehicle (LEV) program (the National and California programs
combined), Non-utility Stationary Source NOx controls, and the Tailpipe/Extended
Useful Life standard. In each of these sections, we found it difficult to assign a
quantitative distribution to some of the input parameters, in part because resource and
time limitations precluded even informal expert elicitation of variability and uncertainty.
Although this approach enabled us to characterize some of the important but uncertain
inputs to the cost estimates, it did not allow us to describe either the likelihood of
obtaining a given result or the probability distribution of results.

Sensitivity tests were also used to examine the effect of different assumptions regarding
the discount rate. The analysis found that changes in the discount rate had only a small
effect on annual cost and benefit estimates. Although changes in the discount rate had a
larger effect on the net present value calculations, and a substantial effect on the Title VI
results, the study's central conclusion that the benefits of the CAA exceed its costs
remained robust to alternative discount rate assumptions.

Sensitivity analyses were also conducted to evaluate the potential effect of a threshold in
the PM-mortality relationship, and the effect of introducing a new procedure for
estimating changes in willingness-to-pay (WTP) as individual real income changes over
time. Both of these sensitivity tests were confined to appendices in the First Prospective.
The income elasticity adjustment, however, is now standard practice for primary benefits
estimation throughout the Agency, with sensitivity analyses using alternative estimates of
the income elasticity also being conducted in many of the Agency’s benefits analyses.

1.2.4 QUALITATIVE APPROACHES

Qualitative approaches to characterizing uncertainty were used in virtually every
component of the first prospective, in an effort to be comprehensive in the identification
of sources of uncertainty. They were used in the summaries of uncertainty in the cost
analysis to examine the uncertainty associated with learning curves and tax-interaction
effects and also to examine uncertainty regarding model specification. In addition,
qualitative tables were used extensively in the benefits analysis. For example, while it
was impractical to quantitatively model uncertainty in the emissions estimation and air
quality modeling components of the analysis, several specific uncertainties in these steps
were assessed qualitatively, with estimates of the direction and magnitude of the
uncertainty (e.g., the effect of incomplete characterizations of direct PM and precursor
emissions composition). Qualitative tables were also used in the first prospective to
characterize uncertainty in the valuation of ecological benefits. Appendix A presents the
qualitative uncertainty summary tables from the first prospective Report to Congress.
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OVERVIEW OF UNCERTAINTY ANALYSIS PLAN FOR SECOND PROSPECTIVE

Exhibit 1-1 illustrates the Project Team’s approach to uncertainty analysis in the second
prospective Section 812 study. The grey box represents the extent of uncertainty analysis
in the first section 812 prospective analysis. As noted above the modifications employed
in the current analysis included both “online” analyses (shown in color), that feed
information on uncertainty into the analytical chain at various points and propagate it
through the remaining steps in the chain, and separate “offline” analyses and research that
will provide insights into the uncertainty, sensitivity, and robustness of results to
alternative assumptions that are currently most easily modeled outside the main analytical
process.

The online analyses consist of the selection of alternative inputs for mortality C-R and
valuation in BenMAP, as well as a “modified” online analysis of the effect on benefits of
sector specific, marginal changes in PM-related emissions from the core scenarios. This
modified online analysis substitutes EPA’s RSM for CMAQ, a less resource intensive
meta-model of CMAQ used to rapidly approximate PM concentrations.

The bottom box in Exhibit 1-1 lists additional offline research and analysis that we
incorporated into the current 812 study, and Exhibit 1-2 provides additional information
on each analysis. As with the online analyses, these analyses were chosen because they
address uncertainty in key analytical elements or choices that may significantly influence
benefit or cost estimates. Also, as in the first prospective, each analytical element
(starting with emissions profile development) features a comprehensive qualitative
evaluation of key uncertainties, presented in Appendix C of this report.

RELATIONSHIP OF THIS DOCUMENT TO OTHER SECOND PROSPECTIVE ANALYSES
This report describes the analyses conducted by the Project Team to assess and
characterize uncertainty in the estimated benefits and costs of the CAAA presented in the
full integrated report. The analyses are designed to assess these uncertainties typically by
re-running benefit or cost analyses, changing specific model parameters, employing
alternative scenarios or varying key assumptions, and even substituting alternative
models. As such, the benefit and cost estimates presented in this report rely on results
generated in prior analytic components of the second prospective study. As illustrated in
Exhibit 1-1, EPA conducted both emissions estimation and air quality modeling analyses
to generate data that underlies the benefits estimation approaches. EPA plans to make
full reports on each of these major analytic steps available to the public online at the
project website, www.epa.gov/oar/sect812.

The results presented in this report do not represent EPA’s primary benefits or costs,
except where such results are presented (and identified as such) for the purposes of
comparison to alternative estimates. EPA’s primary benefits estimates are based on
EPA’s preferred set of analytic assumptions, models, and data sources, many of which
have been explicitly reviewed by the Council over the course of many years and have
been embodied in standard benefits estimation practice as carried out by EPA’s Office of
Air and Radiation in Regulatory Impact Analyses. Details surrounding the methods used
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to derive the primary benefit and costs results are described in separate reports, Benefits

Analyses to Support the Second Section 812 Prospective Benefit-Cost Analysis of the

Clean Air Act, and Cost Analyses to Support the Second Section 812 Prospective Benefit-
Cost Analysis of the Clean Air Act.

EXHIBIT 1-1.

UNCERTAINTY ANALYSIS PLAN FOR SECOND PROSPECTIVE SECTION 812 BENEFIT

COST ANALYSIS OF THE CLEAN AIR ACT AMENDMENTS OF 1990

PM/Mortality
C-R Uncertainty
from Expert Elicitation
& other functions

Ozone/Mortality

C-R Uncertainty

Single vs. Pooled
functions

VSL Uncertainty
Alternative
Distributions

Analytic Design

N

Scenario
Development

A\ 4

Scenario Uncertainty
Emissions by Sector
(Using RSM)

Emissions
Profile
Benefits Development
Analysis
A
Air Quality
Modeling —

Criteria Pollutants

!

Physical
Effects

}

Valuation

Baseline
Uncertainty Analysis
(BenMap)

- C-R and Valuation
Simulation Modeling

Cost
Analysis

A

Direct Cost
Estimation*

Comparison of
Benefits and

Offline Analyses

A 4

Costs

1.

2. Cessation lag (Benefits)

3.

4.

Qualitative Analysis (Benefits)

5. Unidentified Controls (Costs)
6.

7.

Dynamic versus Static Population Modeling (Benefits)
Differential Toxicity of PM Components (Benefits)

Emissions and Air Quality Modeling Uncertainty Literature Review and

Fleet Composition, I&M Failure Rates (Costs)
Learning Curve Assumptions (Costs)

* |n addition, we perform a computable general equilibrium (CGE) analysis of
costs alone and of costs and benefits, but we omit this step from the diagram
because we do not conduct uncertainty analyses on the CGE modeling.
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EXHIBIT 1-2. "OFFLINE" UNCERTAINTY ANALYSES
ANALYTICAL
ELEMENTS
ISSUE APPROACH AFFECTED OUTPUT

Emissions/Air

Quality Parameter

Uncertainty

Emissions
Scenario
Uncertainty

Emissions
Scenario
Uncertainty

Benefits
“Cessation Lag”

Dynamic
Population
Modeling

Differential
Toxicity of PM
Components

Unidentified
Controls

Identification of key factors
through extensive literature
review

Model effects on benefits of
incremental changes to emissions
from individual emissions sectors.

Examine effects of alternative
modeling of emissions in 2000
from EGU sources. Use continuous
emissions monitoring (CEM) data
instead of IPM results, coupled
with alternative counterfactual
consistent with CEM approach.

As a post-processing step to
BenMAP, apply alternative
approaches to describe how
mortality risk in a population
changes over time following a
reduction in air pollution, as the
population moves from its initial
steady-state risk level to its new
level (all other factors being held
constant).

Evaluate the impact of estimating
benefits using a dynamic rather
than static population modeling
approach, by applying a life-table
based air quality risk assessment
tool.

Review of feasibility and policy
relevance of potential notional
analysis of evidence-based
alternative assumptions
concerning the relative toxicity of
major PM components.

Develop cost estimates using
alternative assumptions about the
threshold for, and cost of,
applying unidentified local
controls to achieve NAAQS
compliance.
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Emissions and air
quality modeling

Benefits side
elements (PM
only)

Benefits side
elements (PM
only)

Benefits side
elements (PM
mortality only)

Benefits side
elements (PM
mortality only)

Benefits side
elements (PM
mortality only)

Direct Costs

Characterization of current state
of knowledge concerning
uncertainty assessment for large-
scale air quality modeling
applications.

Dollar per ton estimates of
marginal benefits from
incremental changes in each of
the major emitting sectors in 2010
and 2020.

Alternative year 2000 benefit
results for comparison with output
from IPM-based results from main
analysis.

Alternative net present value
results for avoided premature
mortality due to PM reductions in
2000, 2010, and 2020.

Changes in numbers of deaths per
year, life years gained, and
changes in period conditional life
expectancy due to PM reductions
in 2000, 2010, and 2020.

Review concluded that available
data do not support a policy
relevant notional analysis at this
time.

Alternative direct cost estimates
for each target year reflecting
sensitivity of costs to these
assumptions.
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ISSUE

APPROACH

ANALYTICAL
ELEMENTS
AFFECTED

OUTPUT

Fleet Composition
and &M Failure
Rates

Learning Curve
Assumptions

Unquantified
Uncertainties

Develop cost estimates for mobile
source sector using alternative
assumptions about 1) future fleet
composition and fuel efficiency;
and 2) alternative failure rates for
I1&M program testing.

Develop cost estimates using
alternative assumptions about the
degree to which learning effects
reduce costs of pollution control
over time, focusing on industries
lacking published learning effect
estimates in the peer-reviewed
literature.

Comprehensive qualitative
uncertainty analysis

Direct Costs

Direct Costs

All

Alternative direct cost estimates
for each target year reflecting
sensitivity of costs to these
assumptions.

Alternative direct cost estimates
for each target year reflecting
sensitivity of costs to these
assumptions.

Summary tables describing key
uncertainties and the size and
direction of their likely impact on
results (if known).

The Agency has prepared an integrated report for the entire project.” The integrated
report addresses each of the major analytic components, and presents comparisons of
benefits and costs for each of the target years. It also integrates the implications of
uncertainty analyses that characterize confidence in these results.

1.5 ORGANIZATION OF DOCUMENT
The remainder of the document is split into eight chapters:

Chapter 2: Direct Cost-Related Uncertainty — This chapter explores the

uncertainty surrounding key inputs to the direct cost estimates, including local

controls, composition of motor vehicle sales and fleet fuel efficiency, inspection

failure rates and learning rates.

Chapter 3: Emissions and Air Quality Modeling Uncertainty — This chapter

describes our analysis of uncertainty in emissions estimates and air quality

modeling. This includes sensitivity analyses of the emitting sector and
characterizing model uncertainty in the EGU sector emissions estimation

approach.

Chapter 4: Concentration-Response Function Uncertainty — This chapter

provides estimates of CAAA-related avoided deaths resulting from application of
alternative C-R functions for both PM and ozone.

2 U.S. Environmental Protection Agency (2011). The Benefits and Costs of the Clean Air Act from 1990 to 2020. Final Report,
March 2011. Office of Air and Radiation.
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Chapter 5: Differential Toxicity of PM Components — This chapter provides
our assessment of potential approaches to account for differential toxicity of PM
components.

Chapter 6: Particulate Matter/Mortality Cessation Lag — This chapter
explores uncertainty in the assumption of the cessation lag between CAAA-
related PM exposure changes and the resulting avoided mortality.

Chapter 7: Dynamic Population Modeling — This chapter provides a
comparison between the benefits results from BenMAP, which does not take into
account previous air pollution changes, and a dynamic population simulation
model which tracks the effects of air pollution changes in the U.S. population
over time.

Chapter 8: Valuation Uncertainty — This chapter describes our analysis of
uncertainty in monetary valuation of benefits, including a presentation of
estimates resulting from different assumptions of VSL and discount rates.

Chapter 9: Conclusions — This chapter provides our overall conclusions about
the uncertainty analyses presented in the report.

INDUSTRIAL ECONOMICS, INCORPORATED 1-9
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CHAPTER 2 | DIRECT COST-RELATED UNCERTAINTY

INTRODUCTION
Most of this document addresses uncertainties in the benefits of the 1990 Clean Air Act
Amendments (CAAA). The Project Team also assessed various uncertainties associated

with the costs of the Amendments. The key uncertainties that we examined include the
following:

Local Controls: As indicated in Chapter 7 of the Second Prospective Cost
Report, the Project Team used a cost cap of $15,000 per ton to estimate the costs
of identified local controls and also applied a cost of $15,000 per ton to
unidentified controls. To assess the sensitivity of the local controls analysis to
changes in these values, we estimated the costs of local controls based on a
$10,000 per ton cost cap for identified controls and a $10,000 per ton cost for
unidentified controls.

Composition of Motor Vehicle Sales and Fleet Fuel Efficiency: In Chapter 3 of
the Second Prospective Cost Report, the 812 Project Team estimated CAAA-
related costs for the on-road sector based on projections of vehicle sales and fuel
consumption derived from the Department of Energy’s (DOE’s) Annual Energy
Outlook 2005 (AEO 2005). To examine the sensitivity of the Project Team’s on-
road sector cost estimates to alternative assumptions about the composition of
light-duty vehicle sales and the fuel economy of the light-duty vehicle fleet, we
developed alternative cost estimates based on AEO 2008, which contains more
up-to-date projections of both these variables.

Inspection Failure Rates: To estimate the repair costs associated with vehicle
inspection and maintenance (I&M) programs mandated by the CAAA, the
Project Team used failure rate estimates derived from 2003 and 2004 Wisconsin
1&M program data. A 2001 National Research Council (NRC) report on [&M
programs, however, presents failure rates much lower than those suggested by the
Wisconsin data.’ As a sensitivity analysis, we estimated the total costs of I&M
programs using failure rates derived from the NRC report.

Learning Rates: Throughout the Second Prospective Cost Report, the Project
Team used a series of “learning rates” to capture the extent to which costs decline

3 Committee on Vehicle Emission Inspection and Maintenance Programs, Board on Environmental Studies and Toxicology,

Transportation Research Board, National Research Council, Evaluating Vehicle Emissions Inspection and Maintenance
Programs. 2001.
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as firms gain experience with air pollution control technologies. The learning
rate for a technology represents the percentage reduction in costs associated with
each doubling in the cumulative production of that technology. Where possible,
the Project Team used published estimates of technology- or industry-specific
learning rates. For sectors and control technologies for which no empirical
estimates of the learning rate were readily available, the Project Team employed
a default learning rate of 10 percent based on advice provided by the EPA
Science Advisory Board’s Advisory Council on Clean Air Compliance Analysis.*
To assess the extent to which this default rate influences the results of the cost
analysis, we estimated the costs of the Amendments using alternative default
learning rates of 5 and 20 percent.

METHODS
In the following four sections, we present our approach for analyzing each of the
uncertainties described above.

2.2.1 LOCAL CONTROLS ANALYSIS

As indicated above, the Project Team’s analysis of local controls assumed a $15,000 per
ton cost cap for identified controls (i.e., the analysis assumed that local air quality
managers would not require the implementation of controls costing more than $15,000
per ton of emissions controlled).” In addition, in areas where these identifiable control
measures would be insufficient for attainment with the 8-hour ozone National Ambient
Air Quality Standards (NAAQS), the Project Team assumed a fixed cost of $15,000 per
ton for unidentified volatile organic compound (VOC) and nitrogen oxide (NOy) controls.
To assess the sensitivity of the local controls cost analysis to an alternative cost cap and
an alternative fixed cost per ton for unidentified controls, we estimated the total cost of
local controls based on a cost cap of $10,000 per ton for identified controls and a fixed
cost of $10,000 per ton for unidentified measures.

2.2.2 COMPOSITION OF MOTOR VEHICLE SALES AND FLEET FUEL EFFICIENCY

The Project Team’s analysis of the costs associated with motor vehicle tailpipe and fuel
rules is based on sales and fuel efficiency projections from the 2005 version of DOE’s
Annual Energy Outlook. Since the release of AEO 2005, however, fuel prices have been
more volatile than in previous years, leading many consumers to shift to more fuel
efficient vehicles, and the Department of Transportation revised the Federal Corporate
Average Fuel Economy (CAFE) standards. Given these developments, AEO 2008
projects that passenger cars will make up a greater portion of light-duty vehicle sales in
2010 and 2020 than is projected by AEO 2005. AEO 2008 also assumes that the light-

4U.S. Environmental Protection Agency Science Advisory Board, EPA-SAB-COUNCIL-ADV-07-002, "Benefits and Costs of Clean
Air Act - Direct Costs and Uncertainty Analysis”, Advisory Letter, June 8, 2007. Available at
http://www.epa.gov/sab/pdf/council-07-002.pdf.

® E.H. Pechan & Associates, Inc. and Industrial Economics, Inc., Direct Cost Estimates for the Clean Air Act Second Section
812 Prospective Analysis: Draft Report, prepared for U.S. EPA, Office of Air and Radiation, October 31, 2008.
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duty vehicle fleet will be more fuel efficient relative to the projections in AEO 2005. As
indicated in Exhibit 2-1, AEO 2008 estimates that the light-duty vehicle fleet in 2020 will
be nearly 15 percent more fuel efficient than was projected by AEO 2005. In addition,
whereas sales projections derived from AEO 2005 suggest that passenger cars will make
up 42 percent of light-duty vehicle sales in 2020, AEO 2008 suggests that passenger cars
will represent 49 percent of light-duty vehicle sales in 2020.°

LIGHT DUTY VEHICLE FUEL EFFICIENCY, CAR SALES, AND TRUCK SALES FOR 2010
AND 2020 BASED ON AEO 2005 AND AEO 2008

AEO 2008
AEO 2005 (PRIMARY | (ALTERNATIVE
ESTIMATES)" ESTIMATES)®
FLEET AVERAGE VEHICLE FUEL EFFICIENCY (MPG)
2010 20.14 20.30
2020 20.73 23.75
2010 LIGHT-DUTY VEHICLE SALES (THOUSANDS)
Passenger Cars 8,417 8,542
Light-Duty Trucks 8,172 8,046
2020 LIGHT-DUTY VEHICLE SALES (THOUSANDS)
Passenger Cars 7,377 8,548
Light-Duty Trucks 10,106 8,935

Sources:

a. Light-duty vehicle fuel efficiency values obtained from Table 47 of AEO 2005. Light-duty
vehicle sales values derived from the sales data presented in Table 45 of AEO 2005 using the
methodology described in Chapter 3 of E.H. Pechan & Associates, Inc. and Industrial
Economics, Inc., Direct Cost Estimates for the Clean Air Act Second Section 812 Prospective
Analysis: Draft Report, prepared for U.S. EPA, Office of Air and Radiation, October 31, 2008.
b. Light-duty vehicle fuel efficiency values obtained from Table 49 of AEO 2008. Sales
estimates for passenger cars and light-duty trucks based on the primary (AEO 2005-based)
estimate of total light-duty vehicle sales, re-distributed between passenger cars and light-duty
trucks based on the distribution of sales between these vehicle categories presented in Table
47 of AEO 2008.

To assess the extent to which the Project Team’s cost estimates for the on-road sector
would change under the alternative AEO 2008 assumptions, we estimated the cost of
motor vehicle tailpipe and fuel rules for both the 2010 and 2020 target years based on the
AEO 2008 data.

® ]t is important to note that Exhibit 2-3 does not present the sales estimates reported in AEO 2008. Because our goal is to
examine the sensitivity of the cost analysis to the composition of light-duty vehicle sales rather than to the total number of
vehicles sold, we use the AEO 2008 data to estimate the distribution of light-duty vehicle sales between passenger cars and
light-duty trucks. We then apply this distribution to the total light-duty vehicle sales estimates derived from AEO 2005.
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2.2.3 VEHICLE INSPECTION FAILURE RATE

In the Second Prospective Cost Report, the Project Team’s estimates of the repair costs
associated with motor vehicle I&M programs employed program- and year-specific
inspection failure rates derived from 2003 and 2004 data for Wisconsin I&M programs.
The Wisconsin data suggested that the failure rate associated with annual dynamometer-
based I&M programs is 14 percent, and the Project Team used this rate to derive failure
rates for annual idle, biennial idle, and biennial dynamometer-based I&M programs. In
its June 2007 review of the Draft Direct Cost Report, the Science Advisory Board
Advisory Council on Clean Air Compliance Analysis (the Council) noted that a 2001
NRC report referenced a failure rate of 2.1 percent for annual dynamometer-based
programs, which is approximately one-seventh the value derived from the Wisconsin
data.’

To assess the sensitivity of the I&M cost analysis to the assumed failure rate for annual
dynamometer-based programs, we developed alternative cost estimates for CAAA-
mandated I&M programs based on the failure rate reported by the NRC. Because the
Project Team used the estimated failure rate for annual dynamometer-based programs as
a basis for estimating the failure rates for annual idle, biennial idle, and biennial
dynamometer-based 1&M programs, an initial step in this sensitivity analysis was re-
estimation of the failure rates for these program types. We generated these values using
the same approach as employed in the Second Prospective Cost Report and the 2.1
percent failure rate for annual dynamometer-based programs reported by the NRC.
Exhibit 2-2 presents the adjusted failure rates for each program type and the
corresponding values used in the Second Prospective Cost Report.

2.2.4 DEFAULT LEARNING RATE

In the Second Prospective Cost Report, the Project Team adjusted total program costs to
account for “learning curve” impacts ( i.e., the extent to which the costs of a technology
decline as experience with that technology increases over time). Wherever possible, the
Project Team employed technology- or industry-specific learning rates obtained from the
literature. Where industry-specific learning rates were not readily available, the Council
advised the Project Team to employ a default learning rate of 5 to 10 percent. Based on
this advice, the Project Team applied a default rate of 10 percent to the following
technologies:

e Selective non-catalytic reduction at electric generating units (EGUs) (O&M costs
only);

e Activated carbon injection at EGUs;

7 Committee on Vehicle Emission Inspection and Maintenance Programs, Board on Environmental Studies and Toxicology,
Transportation Research Board, National Research Council. Evaluating Vehicle Emissions Inspection and Maintenance
Programs. 2001.
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EXHIBIT 2-2. SUMMARY OF PRIMARY AND ALTERNATIVE FAILURE RATES FOR MOTOR VEHICLE INSPECTION AND MAINTENANCE
PROGRAMS
FAILURE RATES (PERCENT)
2000 2010 2020
Alternative Alternative Alternative
Primary Failure Failure Rate Primary Failure Failure Rate Primary Failure Failure Rate
Rate Estimates Estimates Rate Estimates Estimates (based Rate Estimates Estimates (based
PROGRAM (based on (based on NRC- (based on on NRC-reported (based on on NRC-reported
Wisconsin data) | reported value) | Wisconsin data) value) Wisconsin data) value)
Annual Idle 7.00 1.05 13.09 1.96 14.00 2.10
Biennial Idle 9.25 1.16 17.30 2.18 18.50 2.33
Annual Dynamometer 14.00 2.10 14.00 2.10 14.00 2.10
Biennial Dynamometer 18.50 2.33 18.50 2.33 18.50 2.33
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e  Motor vehicle fuel rules;

e Non-road engine and fuel rules;

e Non-EGU point source controls;

e Nonpoint source controls; and

e Local controls: EGU, non-EGU point source, and nonpoint source.

We tested the sensitivity of the cost analysis to the choice of a default learning rate by re-
estimating the total costs of the Amendments using alternative default learning rates of
five and 20 percent for the program areas listed above. The five percent default rate
represents the low end of the range recommended by the Council, while the 20 percent
value represents the central tendency presented in the peer-reviewed literature for several
technologies.® For the program areas not listed above (i.e., those for which technology-
or industry specific learning rates were available), we left cost estimates unchanged.

2.2.5 OTHER UNCERTAINTIES

In addition to the uncertainties outlined above, we identified several other areas of
uncertainty related to the costs of the Amendments that we did not address quantitatively.
These include the Project Team’s projections of economic activity, the impact of CAAA
compliance on productivity, the influence of technological innovation on CAAA
compliance costs, the impact of input substitution on the costs of complying with the
Amendments and the effects of the CAAA on product quality.

e Economic Activity Projections: The cost of the Amendments in 2010 and 2020
will depend in large part on the future size and composition of the U.S. economy.
If the AEO 2005 economic growth projections employed by the Project Team
underestimate economic activity in 2010 and 2020, the Project Team most likely
underestimated the costs of the Amendments. Conversely, the Project Team may
have overestimated CAAA compliance costs if AEO 2005 overestimates
economic activity in 2010 and 2020. In addition, to the extent that the
composition of economic output in 2010 and 2020 deviates from the AEO 2005
projections, the Project Team’s cost projections may not reflect the actual costs
of the Amendments. A priori, it is unclear whether the Project Team would have
underestimated or overestimated costs under these circumstances.

e Industrial Productivity: The Project Team’s cost estimates represent the direct
costs of the Amendments (i.e., the expected expenditures of regulated facilities to
comply with the Amendments). Several peer-reviewed studies have suggested,
however, that the direct costs of pollution control measures do not adequately
represent the total costs of environmental protection, due to the effects of

8 For an analysis of the learning rates estimated in the empirical literature, see John M. Dutton and Annie Thomas, "Treating
Progress Functions as a Managerial Opportunity,” Academy of Management Review, Vol 9, No. 2, 1984.
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pollution abatement on industrial productivity.” Although the Project Team’s
cost estimates do not capture these productivity effects, the literature is not clear
on the magnitude and direction of these effects. While some studies have found
that pollution control negatively affects productivity, others have found that the
productivity impact is positive or ambiguous. "

Technological Innovation: As indicated above, the Project Team’s cost estimates
reflect the impact of learning (i.e., technological change) as it relates to existing
control technologies. The Amendments, however, could serve as in impetus for
technological innovation in the development of new, low-cost technologies or
processes to reduce emissions. Because the Project Team did not attempt to
model these technological innovations, the Second Prospective Cost Report may
overestimate costs.

Input Substitution: To minimize the cost of complying with the Amendments,
regulated facilities may alter the mix of inputs used in the production of goods
and services. With the exception of fuel switching by EGUs, the Project Team
did not capture input substitution as a control strategy in the Second Prospective
Cost Report. Accordingly, the Project Team may overestimate the costs of the
Amendments.

Effects of the CAAA on Product Quality: In addition to increasing the cost of
producing goods and services, CAAA requirements may also affect product
quality. For example, motor vehicle emission control requirements may reduce
the performance of automobiles, and changes in paint formulations (to reduce
VOC emissions) may adversely affect how well paint adheres to unfinished
surfaces. On the other hand, changes in product quality may also have
unquantified benefits — while we capture the fuel saving benefits of many motor
vehicle engine changes, the benefits of low-VOC paint in improving indoor air
quality and human health are not captured in our estimates. As a result, product
quality effects may reduce the welfare of households that consume products
affected by the CAAA, or they may improve welfare. Households that substitute
to other products due to CAAA-related quality changes (e.g., households that

% Barbera, A.J. and McConnell, V.D. (1986) “Effects of Pollution Control on Industry Productivity: A Factor Demand
Approach.” The Journal of Industrial Economics. Vol. XXXV, 161-172.

Barbera, A.J. and McConnell, V.D. (1990) “The Impact of Environmental Regulations on Industry Productivity: Direct and
Indirect Effects.” Journal of Environmental Economics and Management. Vol. 18, 50-65.

Gray, W.B. and Shadbegian, R.J. (1994) “Pollution Abatement Costs, Regulation, and Plant-Level Productivity.” Center for
Economic Studies.

Morgenstern, R.D., Pizer, W.A., and Shih, J-S. (1998) “The Cost of Environmental Protection.” Discussion Paper 98-36.
Resources for the Future.

Barbera and McConnell (1986) found a negative impact of pollution control on productivity, while Barbera and McConnell
(1990) and Gray and Shadbegian (1994) found an ambiguous impact, and Morgenstern et al. (1998) found a positive impact.
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substitute from automobiles to light-duty trucks due to CAAA requirements that
affect the performance of automobiles more than light-duty trucks) may also
experience welfare losses or gains, as they would have otherwise preferred the
product(s) that they would have consumed in the absence of the CAAA but may,
in the balance, experience previously unrecognized gains.

RESULTS
The following four sections present the results obtained using the analytic approach
described above for the key cost-related uncertainties.

2.3.1 LOCAL CONTROLS ANALYSIS

The Project Team used a cost cap of $15,000 per ton to estimate the costs of identified
local controls and also applied a cost of $15,000 per ton to unidentified controls. To
assess the sensitivity of the local controls analysis to changes in these values, we
estimated the costs of local controls based on a $10,000 per ton cost cap for identified
controls and a $10,000 per ton cost for unidentified controls. As indicated in Exhibits 2-3
and 2-4, this alternative approach yields lower cost estimates for both identified local
controls and unidentified measures. The estimated costs of identified controls decline
when the $10,000 cap is applied because controls that cost between $10,000 and $15,000
per ton are assumed not to be implemented. In addition, although the application of the
$10,000 cost cap increases the emissions reductions to be achieved through unidentified
controls (relative to when the $15,000 cost cap is used), reducing the cost of unidentified
controls to $10,000 per ton more than offsets the costs associated with these additional
emissions reductions.

2010 LOCAL CONTROLS SENSITIVITY ANALYSIS

2010: $15,000/TON CAP 2010: $10,000/TON CAP
AND $15,000/TON FOR AND $10,000/TON FOR
UNIDENTIFIED CONTROLS UNIDENTIFIED CONTROLS
PROGRAM AND SECTOR (MILLION 1999%) (MILLION 1999%)
Identified Controls $4,564.7 $3,380.0
Ozone NAAQS $3,729.6 $2,629.4
PM NAAQS $835.1 $750.6
Unidentified Controls $7,581.5 $6,959
Total Cost of Local
Controls $12,146.2 $10,339.0
Notes:
The cost estimates presented in this exhibit do not reflect the Project Team’s cost
adjustments for learning curve effects. As indicated in the Second Prospective Cost
Report, these adjustments are not applied to unidentified controls and do not have a
significant impact on the estimated cost of identified controls.

INDUSTRIAL ECONOMICS, INCORPORATED 2-8



lEc

EXHIBIT 2-4.

Second Section 812 Prospective Analysis

March 2011
2020 LOCAL CONTROLS SENSITIVITY ANALYSIS
2020: $15,000/TON CAP 2020: $10,000/TON CAP
AND $15,000/TON FOR AND $10,000/TON FOR
UNIDENTIFIED CONTROLS UNIDENTIFIED CONTROLS
PROGRAM AND SECTOR (MILLION 1999%) (MILLION 1999%)
Identified Controls $5,757.8 $4,387.2
Ozone NAAQS $4,130.3 $2,849.2
PM NAAQS $618.5 $541.6
CAVR $1,009.0 $996.4
Unidentified Controls $11,368.7 $9,725
Total Cost of Local
Controls $17,126.5 $14,112.2
Notes:
The cost estimates presented in this exhibit do not reflect the Project Team’s cost
adjustments for learning curve effects. As indicated in the Second Prospective Cost
Report, these adjustments are not applied to unidentified controls and do not have a
significant impact on the estimated cost of identified controls.

2.3.2 COMPOSITION OF MOTOR VEHICLE SALES AND FLEET FUEL EFFICIENCY

To assess the extent to which cost estimates for the on-road sector would change under
the alternative AEO 2008 assumptions, the Project Team estimated the cost of motor
vehicle tailpipe and fuel rules for both the 2010 and 2020 target years based on the AEO
2008 data. As indicated in Exhibit 2-5, this would increase the estimated cost of motor
vehicle tailpipe standards and reduce the estimated cost of motor vehicle fuel rules, with
each effect more pronounced in 2020 than in 2010. In proportional terms, these
adjustments would have the most significant effect on the estimated cost of motor vehicle
fuel rules in 2020, which would decline by 9 percent relative to the primary cost estimates
presented in the Second Prospective Cost Report. Overall, however, the fuel efficiency
and sales adjustments would not have a significant effect on the estimated costs of CAAA
motor vehicle programs in aggregate. Combined, the sales and fuel efficiency
adjustments would reduce the estimated cost of these programs by 0.2 percent in 2010
and by 3.6 percent in 2020.
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EXHIBIT 2-5. CAAA-RELATED ON-ROAD SECTOR COSTS BASED ON AEO 2005 AND AEO 2008

ASSUMPTIONS

TOTAL PROGRAM COSTS (MILLION 1999%)
2010 2020

PRIMARY ALTERNATIVE PRIMARY ALTERNATIVE

ESTIMATE ESTIMATE ESTIMATE ESTIMATE

(BASED ON (BASED ON PERCENT (BASED ON (BASED ON PERCENT

FRBIERA AEO 2005) AEO 2008) DIFFERENCE AEO 2005) AEO 2008) DIFFERENCE

Tailpipe Rules $8,137 $8,140 0.03% $8,282 $8,292 0.12%
Fuel Rules $8,262 $8,216 -0.56% $9,375 $8,512 -9.20%
Inspection and
Maintenance (I/M)
Rules $5,251 $5,251 0.009% $6,099 $6,099 0.00%
Total On-road
Sector Costs $21,650 $21,606 -0.20% $23,757 $22,904 -3.59%

2.3.3 VEHICLE INSPECTION FAILURE RATE

To assess the sensitivity of the I&M cost analysis to the assumed failure rate for annual
dynamometer-based programs, the Project Team developed alternative cost estimates for
CAAA-mandated 1&M programs based on the failure rate reported by the NRC. Exhibit
2-6 shows the impact of the alternative failure rates on the estimated cost of CAAA-
related I&M programs. As indicated in the exhibit, the estimated cost of these programs
declines by more than 40 percent when the alternative failure rates are used in place of
those supporting the Second Prospective Cost Report. In addition, using these
alternative values reduces total CAAA-related costs for the on-road sector by 11 to 14
percent, depending on the target year. This suggests that the cost estimates for the on-
road sector are fairly sensitive to the assumed failure rate for [&M programs, given the
range of failure rates obtained from readily available data sources.

2.3.4 DEFAULT LEARNING RATE

The Project Team tested the sensitivity of the cost analysis to the choice of a default
learning rate by re-estimating the total costs of the Amendments using alternative default
learning rates of five and 20 percent for the program areas listed above. Exhibit 2-7
presents our estimates of total CAAA compliance costs, by sector, using the primary
default learning rate of 10 percent and the alternate default learning rates of five and 20
percent. As indicated in the exhibit, the use of alternative default learning rates has only
a small effect on the estimated costs of the Amendments. The effect is most pronounced
for the 2020 target year. Using a five percent default learning rate in 2020 increases the
estimated cost of the Amendments by 3.2 percent, while a 20 percent default learning rate
reduces costs by six percent.
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EXHIBIT 2-6. CAAA-RELATED ON-ROAD SECTOR COSTS UNDER PRIMARY AND ALTERNATIVE FAILURE RATE ASSUMPTIONS
TOTAL PROGRAM COSTS (MILLION 1999%)
2000 2010 2020
o PRIMARY ALTERNATE PERCENT PRIMARY ALTERNATE PERCENT PRIMARY ALTERNATE PERCENT

HROERAL ESTIMATE ESTIMATE | DIFFERENCE ESTIMATE ESTIMATE | DIFFERENCE | ESTIMATE ESTIMATE | DIFFERENCE
Tailpipe and Fuel Rules $8,219 $8,219 0.00% $16,399 $16,399 0.00% $17,657 $17,657 0.00%
Inspection and Maintenance
(I/M) Rules $3,888 $2,217 -42.97% $5,251 $2,801 -46.66% $6,099 $3,201 -47.52%
Total On-road Sector Costs $12,107 $10,436 -13.80% $21,650 $19,200 -11.32% $23,757 $20,858 -12.20%

INDUSTRIAL ECONOMICS, INCORPORATED




lEC

Second Section 812 Prospective Analysis

March 2011
EXHIBIT 2-7. SENSITIVITY OF CAAA COMPLIANCE COST ESTIMATES TO ALTERNATIVE DEFAULT LEARNING RATES
ANNUAL COST (MILLION 1999%)
2000 2010 2020
5% 10% 20% 5% 10% 20% 5% 10% 20%
LEARNING | LEARNING | LEARNING LEARNING | LEARNING | LEARNING LEARNING | LEARNING | LEARNING
RATE RATE RATE RATE RATE RATE RATE RATE RATE

(ALTERNATE | (PRIMARY | (ALTERNATE | (ALTERNATE | (PRIMARY | (ALTERNATE | (ALTERNATE | (PRIMARY | (ALTERNATE

ESTIMATE) | ESTIMATE) | ESTIMATE) ESTIMATE) | ESTIMATE) | ESTIMATE) ESTIMATE) | ESTIMATE) | ESTIMATE)
Electric Utilities $1,154 $1,154 $1,154 $5,583 $5,583 $5,583 $8,836 $8,772 $8,671
On-road Vehicles and Fuels $12,458 $12,107 $11,462 $22,483 $21,650 $20,119 $24,692 $23,757 $22,039
Non-road Engines and Fuels $280 $250 $196 $520 $302 -$100 $1,292 $967 $369
Non-EGU Point Sources $2,561 $2,630 $2,787 $4,407 $4,356 $4,247 $4,448 $4,323 $4,070
Nonpoint Sources $529 $557 $624 $596 $582 $552 $691 $644 $553
Local Controls S0 S0 S0 $4,491 $4,415 $4,256 $5,475 $5,194 $4,638
Sub-Total, Excl. Unidentified Measures $16,981 | $16,699 $16,223 $38,082 | $36,888 $34,657 $45,434 | $43,657 $40,340
ADDITIONAL COSTS FOR UNIDENTIFIED CONTROLS FOR 8-HOUR OZONE COMPLIANCE
Non-California areas S0 $7,315 $7,137
California areas S0 $267 $4,232
TOTAL $16,981 | $16,698 $16,223 $45,664 | $44,470 $42,239 $56,803 | $55,025 $51,709
Percent Difference from Primary Estimate 1.7% - -2.8% 2.7% -5.0% 3.2% -6.0%

INDUSTRIAL ECONOMICS, INCORPORATED 2-12




lEc

.1

Second Section 812 Prospective Analysis
March 2011

CHAPTER 3 | EMISSIONS AND AIR QUALITY MODELING
UNCERTAINTY

INTRODUCTION

This chapter summarizes results from two quantitative sensitivity tests that characterize
uncertainty in the emissions and air quality modeling steps of the second prospective
analysis.

 Sectoral emissions sensitivity analyses: These analyses are designed to explore
the relative importance of the emitting sector in marginal benefits estimates,
provide a sense of the shape of the marginal benefits curve around the point
represented by the with-Clean Air Act Amendments (CAAA) scenario emissions
inventory, and explore spatial variability in benefits estimates with respect to the
emitting sector. The approach adopted is to develop a standardized emissions
increment for each of the five major emitting sectors (electric generating units
(EGUs); non-EGU point sources; on-road vehicles; nonroad engines; and area
sources), and run the alternative scenarios through a reduced form air quality
modeling tool and EPA’s Environmental Benefits Mapping and Analysis Program
(BenMAP) to estimate changes in benefit estimates.

« EGU sector alternative emissions model: This analysis estimates model
uncertainty for the EGU sector emissions estimation approach, using an
alternative emissions estimation approach described in Appendix B of the primary
emissions report, Emission Projections for the Clean Air Act Second Section 812
Prospective Analysis. The analysis compares the benefits estimates using the
Integrated Planning Model (IPM)-based emissions outputs with comparable
estimates using Continuous Emissions Monitor (CEM) data and an alternative
approach to estimating counter-factual scenario emissions.

Note that, in addition to these quantitative analyses, [Ec subcontractor Sonoma
Technology, Inc (STI) conducted a three part literature review relating to the
uncertainties in Integrated Air Quality Modeling Systems (IAQMSs). The first part of
this literature review looks at the source of uncertainty and methods for quantifying these
uncertainties. The second part looks at the literature relating to the evaluation and overall
reliability of [AQMSs. The third part discusses the uncertainties specifically relating to
the IAQM used in the Second Prospective Analysis (i.e., the Community Multiscale Air
Quality (CMAQ) modeling system). This literature review can be found in its entirety in
Appendix B. The literature review is part of our overall suite of uncertainty analyses that
inform characterization of the costs and benefits of CAAA programs.
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DESCRIPTION OF ANALYTICAL TOOLS

The main tools used to develop these analyses are EPA’s Particulate Matter Response
Surface Model (PM RSM), a reduced form air quality estimation tool, and BenMAP. PM
RSM estimates air quality outcomes from emissions inputs, and BenMAP estimates
health effects and economic benefits outcomes from air quality inputs. The two tools are
linked in our analyses to estimate the impact of uncertainties in emissions estimates.

3.2.1 RESPONSE SURFACE MODEL

The description of this tool is largely taken from EPA’s Technical Support Document for
the Proposed PM NAAQS Rule: Response Surface Modeling.'" Response surface
modeling provides a means to address the limitations of using complex air quality models
for policy analysis. Air quality models such as CMAQ typically require complicated
emission inputs and processing, and the resources needed to conduct model runs can be
substantial. These requirements make such sophisticated models less well-suited for
uncertainty analysis, where the analyst may want to conduct multiple model runs while
varying key inputs or assumptions. Response surface modeling builds reduced form
modeling tools by using advanced statistical techniques to characterize, in a more
parsimonious manner, the relationship between the outputs of a complex model and its
input parameters. The result is a more flexible, less resource intensive model of the
original model (a “meta-model) that can be used as a reasonable proxy for conducting
uncertainty analysis within the calibration range of the meta-model. This analysis makes
use of a PM RSM developed by EPA to estimate results from the CMAQ Modeling
System.

CMAQ is a three-dimensional regional grid-based air quality model designed to simulate
particulate matter and ozone concentrations and deposition over large spatial scales (e.g.,
over the contiguous U.S.) over an extended period of time (e.g., up to a year). The
CMAQ model includes state-of-the-science capabilities for conducting urban to regional
scale simulations of multiple air quality issues, including tropospheric ozone, fine
particles, air toxics, acid deposition, and visibility degradation. The PM RSM used in this
analysis is based on air quality modeling using CMAQ version 4.4.

Response surface models are typically developed using a limited number of runs of the
complex model at a set of statistically selected points in the design space. A total of 180
CMAQ model runs, meant to cover a change in baseline precursor emissions of zero to
120 percent, were conducted for development of the PM RSM. The response-surface
method uses statistical techniques to relate a response variable from these runs (in this
case, PM, s concentration output from CMAQ) to a set of factors (in this case, PM, s
precursor pollutants from particular sources and locations). To develop a response
surface approximation for CMAQ, EPA used an interpolation approach, implemented
through the MIXED procedure in SAS software. The PM RSM models changes in PM, s

" U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards. Technical Support Document for the
Proposed PM NAAQS Rule: Response Surface Modeling. February 2006.
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concentration at the grid cell level as a function of the weighted average of the modeled
responses from the 180 CMAQ runs. Weights were assigned based on the distance
between the factor levels defining the policy to be predicted and the factors defining the
CMAQ experimental run.

The main purpose of the PM RSM is to demonstrate the impact on ambient PM; 5
concentrations of reductions in PM, 5 precursor emissions from different sources. EPA
selected the precursor emission type and source combinations used as input factors into
the model to provide maximum information for use in comparing relative effectiveness of
different emission control strategies. Emission input factors are expressed as a percent of
a 2015 baseline scenario that includes the Clean Air Interstate Rule (CAIR), Clean Air
Non-Road Diesel Rule, Heavy Duty Diesel Rule, Tier 2, and the NO, SIP Call. EPA
selected the following 12 emission input factors for use in the PM RSM; users of the PM
RSM can adjust these at a local or regional scale:

1) NOx EGU — Nitrogen oxide (NOy) emissions from EGU point sources
forecast using the Integrated Planning Model (IPM);

2) NO, Non-EGU and Area — NO, emissions from Non-EGU point sources
forecast using IPM and from area sources, including agricultural sources;

3) NO, Mobile — NO, emissions from non-road and on-road mobile sources;

4) SO EGU — Sulfur oxide (SOy) emissions from EGU point sources forecast

using [PM;

5) SO« Non-EGU — SO, emissions from Non-EGU point sources forecast using
IPM;

6) SO, Area — SO, emissions from area sources, including agricultural sources,

and from non-road and on-road mobile sources'?;

7) NH; Area — Ammonia (NH;) emissions from area source, including
agricultural sources;

8) NH; Mobile — Ammonia emissions from non-road and on-road mobile
sources;

9) POC/PEC Point — Particulate organic carbon (POC) and Particulate elemental
carbon (PEC) emissions from EGU and Non-EGU point sources forecast
using IPM;

10) POC/PEC Mobile — POC and PEC emissions from non-road and on-road
mobile sources;

11) POC/PEC Area — POC and PEC emissions from area sources, including
agricultural sources; and

'2 When it was developed by EPA this factor included only area-source emissions and mobile-source SO, emissions were not
included as an emission input factor in the model. Feeling that these emissions were significant, the Project Team elected
to include them as part of this factor rather than leave them out of the model.
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12) VOC All — Volatile organic carbon (VOC) emissions from EGU point
sources, non-EGU point sources, area sources including agricultural sources,
non-road and on-road mobile sources.

The PM RSM includes an independent response surface for particular urban areas, as well
as a generalized response surface for all other locations. A rigorous area-of-influence
analysis was conducted for selection of PM RSM urban locations to discern the degree of
overlap between different urban areas in terms of air quality impacts, and to tease out
local versus regional impacts. The analysis concluded that ambient PM, 5 in each of the
nine selected urban areas is largely independent of the precursor emissions in all other
included urban areas. The nine selected urban areas are New York/Philadelphia
(combined), Chicago, Atlanta, Dallas, San Joaquin, Salt Lake City, Phoenix, Seattle, and
Den