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EXECUTIVE SUMMARY 

On November 7, 2014, the U.S. Environmental Protection Agency (EPA) published proposed 
amendments in the Federal Register to amend the National Emission Standards for Hazardous 
Air Pollutants (NESHAPs) for the phosphoric acid manufacturing and phosphate fertilizer 
production source categories and to amend new source performance standards (NSPS) for 
several phosphate processing categories (79 FR 66512, hereafter called the “Proposed 
Amendments”).  The Proposed Amendments include a Beyond the Floor (BTF) analysis for 
phosphate rock calciners at phosphoric acid manufacturing plants and several work practice 
standards.  Our comments have been prepared for PCS Phosphate Company, Inc. (PCS), and 
focus on the EPA’s assessment of the economic impacts and risks of the Proposed Amendments, 
with emphasis on the BTF limits for mercury.   

Key Findings 

 EPA did not identify any baseline risks associated with the phosphate fertilizer 
production or phosphoric acid manufacturing source categories.  In fact, they found that 
the current standards “provide an ample margin of safety to protect public health.” 

 EPA provided only a cursory economic analysis that consisted of estimating the costs of 
controls, without considering any site-specific considerations, and did not calculate 
benefits (if any). 

 EPA significantly understated the control costs that would be required for PCS to comply 
with the BTF limit for mercury. 

o EPA estimated annual control costs of between $1.2 and $2.5 million (2013 
dollars). 

o URS Corporation’s site-specific annual control cost estimate for the same 
technologies are between $5.8 and $9.1 million (2014 dollars), or approximately 
four times higher than EPA’s estimates. 

 With URS’s technology cost estimates, the annual costs per pound of mercury removed 
are almost $40,000 to more than $62,000.  These costs per pound removed are higher 
than any previously-imposed BTF limit for mercury, as described in detail in the PCS 
comments on the Proposed Rule. 

 Using EPA’s own mercury benefits assumptions from another regulatory impact analysis 
(RIA), we made an approximate estimate of the mercury reductions benefits of this BTF 
proposal that ranges from $2,000 to $24,000 per year.  We also have assessed what EPA 
would likely claim to be “co-benefits” associated with potential SO2 reductions from the 
BTF proposal, following EPA’s standard approach to co-benefits.  Although we strongly 
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disagree with EPA’s methods of calculating co-benefits, we believe that if EPA had made 
such estimates, EPA would have claimed them to be approximately $56,000 per year.  

 Based on our economic analysis, the proposed BTF limit for mercury dramatically fails 
the benefit-cost test, and thus can be expected to decrease societal well-being:  

o Using the high-end of the total benefit estimates that EPA would have calculated 
and EPA’s estimated costs, the proposed BTF rule has costs more than 15 times 
higher than its benefits; using URS’ annual control costs, the proposed BTF rule 
would cost almost 72 times more than its benefits. 

o We strongly disagree with the assumptions EPA has previously used for its co-
benefits calculations, and if those co-benefits are excluded (as we argue they 
should be), NERA estimates that the proposed BTF rule’s costs would be almost 
237 times higher than its potential benefits (using URS’ annual control costs). 

Full CVs for Mr. Scott Bloomberg and Dr. Anne Smith are provided in Appendix A and 
Appendix B, respectively.    
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I. OVERVIEW OF THE PROPOSED AMENDMENTS 

The Proposed Amendments cover several standards.  Our focus is on the BTF limits:   

 MACT floor and BTF limits for mercury:  The EPA proposed MACT floor limits and 
BTF limits for mercury from phosphate rock calciners at existing and new sources.  
These limits are summarized in Figure 1.  The Aurora facility owned by PCS (PCS 
Aurora) would be the only existing facility subject to the proposed MACT floor limits for 
mercury.  The BTF Limit for mercury is based on EPA’s analysis of expected emission 
reductions that could be achieved with the addition of either fixed-bed carbon adsorption 
system, or activated carbon injection (ACI) followed by either wet electrostatic 
precipitator (wet ESP) or a fabric filter.  EPA assumed that each of their proposed 
controls would reduce mercury emissions by 90% from the baseline level. 

Figure 1:  MACT Floor Limit and BTF Limit for Mercury from Phosphate Rock Calciners 

Limit Type Limit 

MACT Floor Limit 0.14 mg/dscm 

BTF Limit 0.014 mg/dscm 

For completeness, we provide an overview of the other proposed standards below. 

 Work practice standards for hydrogen fluoride:  EPA is proposing work practice 
standards for hydrogen fluoride (HF) from phosphate rock calciners.  The proposed work 
practice standard calls for a maximum calcination temperature of 1,600 degrees 
Fahrenheit and a requirement that emissions from phosphate rock calciners must be 
routed to an absorber. 

 Work practice standards for gypsum dewatering stacks and cooling water ponds:  
EPA is proposing work practice standards for gypsum dewatering stacks and cooling 
ponds.  EPA has developed a list of control techniques from which each existing facility 
should select in developing a management plan to control fugitive HF emissions. 

 Revisions to the startup, shutdown, and malfunction provisions:  EPA is also 
proposing revisions to work practices standards during startup and shutdown periods such 
that any control devices be operated prior to introducing any feed into the production unit 
during startup and that control devices be operated throughout the shutdown period until 
all feed has been processed.   

 Translate the current total Fluoride (F) limit to a Hydrogen Fluoride (HF) limit:  
EPA is proposing to translate the current limits on total F to a limit on HF for several 
different processes for phosphate fertilizer facilities.  The current limits on total F are a 
proxy for HF.  
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II. RISKS AND ECONOMIC IMPACTS OF PROPOSED 
AMENDMENTS 

A. EPA’s risk assessment shows risks are below a level of concern 

EPA found “the current standards provide an ample margin of safety to protect public health.”1  
Thus, even without a BTF limit for mercury, there is still “an ample margin of safety to protect 
public health.”  Below is a summary of findings of EPA’s risk assessment. 

1. Phosphate Fertilizer Production 

EPA performed a baseline risk assessment for the phosphate fertilizer production source 
category.  As part of this assessment, EPA calculated preliminary inhalation risks for the source 
category based on allowable emissions, which indicated maximum lifetime individual cancer 
risks of less than 1 in a million.  The results also showed 0.001 excess cancer cases per year and 
a “maximum chronic noncancer target organ specific hazard index (TOSHI) value for the source 
category could be up to 0.003 associated with emissions of hydrogen fluoride, indicating no 
significant potential for chronic noncancer impacts.”  EPA also calculated worst-case acute 
hazard quotients (HQ) for HAPs with an acute benchmark, and no HAP had an acute HQ of 
greater than 1.0 for any benchmark.2 

EPA also performed a baseline multipathway assessment (for non-lead persistent and bio-
accumulative HAPs, or PB-HAPs) based on actual emissions.  EPA initially compared emissions 
of PB-HAPs to screening emission rate thresholds established by EPA for RTR risk assessments.  
EPA identified one facility, Mississippi Phosphate, with divalent mercury (Hg2+) above the 
initial threshold level, which motivated EPA to conduct a Tier 2 screening assessment. 

The Tier 2 screening assessment uses site-specific information including fishable lakes and wind 
information to produce a site-specific emission screening level.  Based on the Tier 2 screening 
analysis, the mercury emissions exceeded the non-cancer thresholds for a subsistence fisher, but 
this is an upwardly biased estimate.  Thus, EPA proceeded to a Tier 3 screening assessment.  The 
Tier 3 screening assessment used detailed plume rise data and time-series meteorology to 
determine the fate and transport of the emissions on nearby lakes, and this detailed analysis 
decreased the non-cancer screening value to an acceptable level, and one that is “below a level of 
concern.” 

EPA also conducted a baseline environmental risk screening based on actual emissions for 
mercury, cadmium, lead compounds, and hydrofluoric acid.  In the Tier 1 analysis, mercury and 
cadmium emissions were below threshold levels; for lead, air concentrations did not exceed the 

                                                 
1 79 Fed. Reg 66538. 
2 “Draft Residual Risk Assessment for Phosphate Fertilizer Production and Phosphoric Acid Manufacturing,” EPA 

Office of Air Quality Planning and Standards Office of Air and Radiation, October 2014, p. 33. 
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secondary lead national ambient air quality standards (NAAQS); and for hydrofluoric acid, the 
average concentration around each facility did not exceed ecological benchmarks. 

2. Phosphoric Acid Manufacturing 

EPA prepared a risk assessment for the phosphoric acid manufacturing source category.  EPA 
calculated preliminary inhalation risks for the source category based on allowable emissions, 
which indicated maximum lifetime individual cancer risks of less than 1 in a million.  The results 
also showed 0.0002 excess cancer cases per year and a “maximum chronic noncancer target 
organ specific hazard index (TOSHI) value for the source category could be up to 0.2 associated 
with emissions of hydrogen fluoride, indicating no significant potential for chronic noncancer 
impacts.”  EPA also calculated worst-case acute HQ for HAPs with an acute benchmark, and two 
facilities had HQ values greater than 1.  EPA refined these estimates by determining the highest 
HQ value outside of the facility’s boundaries.  The off-site locations for the highest refined acute 
HQ were located in areas with either limited public access, or were on areas owned by the 
facility.3 

For acute risks, EPA identified four facilities that exceeded the Human Exposure Model (version 
1.1.0, also known as HEM-3) screen for hydrofluoric acid exceeding the reference exposure level 
(REL) by a factor of two.  A more refined analysis limited this to only two facilities, which 
exceed the REL, but are below the 1-hour acute exposure guideline levels (AEGL-1).4 

EPA also performed a baseline multipathway assessment (for non-lead PB-HAPs) based on 
actual emissions.  EPA initially compared emissions of PB-HAPs to screening emission rate 
thresholds established by EPA for RTR risk assessments.  EPA identified one facility with 
divalent mercury (Hg2+) and cadmium above the initial threshold level, which motivated EPA to 
conduct a Tier 2 screening assessment.  The Tier 2 screening assessment uses site-specific 
information including fishable lakes and wind information to produce a site-specific emission 
screening level.  Based on the Tier 2 screening analysis, the cadmium emissions are below the 
non-cancer screening threshold and the mercury emissions are “below a level of concern.”  

EPA also conducted a baseline environmental risk screening based on actual emissions for 
mercury, cadmium, polycyclic organic matters (POMs), dioxins, lead compounds, hydrochloric 
acid, and hydrofluoric acid.  In the Tier 1 analysis, mercury, cadmium, POM, and dioxins were 
below threshold levels; for lead, air concentrations did not exceed the secondary lead NAAQS; 

                                                 
3 “Draft Residual Risk Assessment for Phosphate Fertilizer Production and Phosphoric Acid Manufacturing,” EPA 

Office of Air Quality Planning and Standards Office of Air and Radiation, October 2014, p. 42. 
4 AEGL-1 is “the exposure level above which it is predicted that the general population, including susceptible 

individuals, could experience effects that are notable discomfort, but which are transient and reversible upon 
cessation of exposure.”  “Draft Residual Risk Assessment for Phosphate Fertilizer Production and Phosphoric Acid 
Manufacturing,” EPA Office of Air Quality Planning and Standards Office of Air and Radiation, October 2014, p. 
45. 
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and for hydrochloric acid and hydrofluoric acid, the average concentration around each facility 
did not exceed ecological benchmarks. 

B. Economic impacts of the Proposed Amendments on PCS 

1. Compliance costs for different EPA options 

As part of our analysis of the economic impacts of the Proposed Amendments on PCS Aurora, 
we focus on the following control options from EPA’s BTF analysis: 

1. Option 1 for BTF limits for mercury via fixed bed carbon adsorption; 

2. Option 2 for BTF limits for mercury via ACI with existing wet ESP; and 

3. Option 3 for BTF limits for mercury via ACI with new fabric filter (and existing wet 
ESP). 

EPA Cost Estimates 

For Option 1 (control via fixed bed adsorption), EPA’s estimated total capital costs for PCS are 
$4.9 million (2013 dollars), with annual costs of $1.2 million (with the capital annualized 
assuming a 7% interest rate and 20-year life).  For Option 2 (control via ACI with existing wet 
ESP), EPA’s estimated total capital costs for PCS are $6.5 million, with annual costs of $1.8 
million.  For Option 3 (control via ACI with new fabric filter), EPA’s estimated total capital 
costs for PCS are $16.5 million, with annual costs of $2.5 million.5  Each option was estimated 
to result in a 145 pound reduction per year at PCS Aurora.  Based on assumed mercury 
reductions of 145 pounds per year, EPA’s cost estimates are equivalent to an annual cost per 
pound of mercury removed of approximately $8,000 (fixed bed adsorption) to $12,000 (ACI 
with existing wet ESP) to $17,000 (ACI with new fabric filter). 

PCS Cost Estimates 

PCS engaged URS to perform an engineering review of the proposed control technology 
requirements for the Proposed Amendments.  They evaluated the same general technologies that 
EPA considered, namely fixed bed adsorption and ACI, but evaluated costs based on more site-
specific information at PCS’s Aurora facility.  Additionally, URS determined that ACI with a 
new fabric filter, Option 3, was likely not feasible.  Based on this site-specific analysis, URS 
estimated total capital costs of $32.0 million and estimated annualized costs of $5.8 million 
(2014 dollars) for the fixed bed adsorption option (not a traditional fixed bed carbon adsorption 
technology, but the W.L. Gore Mercury Control System, or GMCS).  They separately estimated 

                                                 
5 “Technical Memorandum Re: Beyond-the-Floor Analysis for Phosphate Rock Calciners at Phosphoric Acid 

Manufacturing Plants.”  Memo from Eastern Research Group to Tina Ndoh, U.S. EPA/OAQPS/SPPD – Minerals 
and Manufacturing Group.  May 20, 2014, Table 5-1. 
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total capital costs of $21.1 million and annualized costs of $9.1 million for ACI (with the 
existing wet ESP).  Based on assumed mercury reductions of 145 pounds per year, URS’ cost 
estimates are equivalent to an annual cost per pound of mercury removed of almost $40,000 to 
more than $62,000.6 

2. Cost Effectiveness of Control Options 

Figure 2 shows the relative cost effectiveness of the different control options, using both EPA’s 
general cost assumptions and URS’ cost assumptions based on URS’ on-site work. 

Figure 2:  Cost Effectiveness of Control Options 

Technology Source Total Capital 
(Millions) 

Annualized 
Cost (Millions) 

Cost per Pound 
Removed 

Fixed Bed Adsorption EPA $4.9 $1.2 $8,000 

ACI w/ Existing Wet ESP EPA $6.5 $1.8 $12,100 

ACI w/ New Fabric Filter EPA $16.5 $2.5  $17,100 

Fixed Bed Adsorption URS $32.0 $5.8 $39,800 

ACI w/ Existing Wet ESP URS $21.1 $9.1 $62,700 
Notes: EPA’s costs are in 2013$, URS’ costs are in 2014$.  URS does not consider either ACI option to be 
technically feasible, however, it still provided costs for ACI with Existing Wet ESP. 

The cost per pound of mercury of the least cost option (fixed bed adsorption) is five times higher 
using URS’ more refined cost estimates.  It is our understanding that PCS has researched other 
EPA analyses of BTF limits for mercury, and that the highest cost per pound of mercury 
reduction that EPA has previously imposed as part of a BTF limit is $20,000 (for the Mercury 
Cell Chlor-Alkali source category).7  The cost per pound removed for either of the potential 
technologies that PCS could install at PCS Aurora is therefore two to three times higher than the 
highest cost per pound of mercury reduction that we understand EPA to have previously imposed 
as part of a BTF limit (based on URS’ cost estimates). 

C. EPA did not perform any economic impact analysis and its conclusion of no 
significant market impact is unsupported 

Although some HAP emission standards are established without regard to the associated costs 
(“MACT floor” standards under Section 112(d)(2) of the CAA and “residual risk” standards 
under Section 112(f)(2) of the Act), others can be established only after the EPA Administrator 

                                                 
6 “Engineering Review of Proposed Control Technology Requirements for the PCS Phosphate Rock Calciners – 

PCS Phosphate – Aurora, NC,” URS Corporation, January 2015.  
7 “Comments on the U.S. Environmental Protection Agency’s Proposed Rule Entitled “Phosphoric Acid 

Manufacturing and Phosphate Fertilizer Production RTR and Standards of Performance for Phosphate Processing,” 
PCS Phosphate Company, Inc., PCS Nitrogen, Inc., and White Springs Agricultural Chemicals, Inc. January 2015, 
Table 3.  
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has taken costs into consideration (“beyond the MACT floor” standards under Section 112(d)(2) 
of the Act and “ample margin of safety” standards under Section 112(f)(2) of the Act).  In this 
rulemaking, EPA has proposed to require additional controls as a “beyond the MACT floor” 
standard and has proposed a rate limit for mercury of 0.014 mg/dscm (at 3% O2) as an “ample 
margin of safety” standard.8  Thus, an economic analysis of the financial impacts of imposing 
these requirements is both relevant and necessary. 

EPA’s entire economic impact analysis is comprised of two small paragraphs with a total of 210 
words.9  EPA writes:  

“Economic impact analyses focus on changes in market prices and output levels. 
If changes in market prices and output levels in the primary markets are 
significant enough, we also examine impacts on other markets. Both the 
magnitude of costs needed to comply with the rule and the distribution of these 
costs among affected facilities can have a role in determining how the market will 
change in response to the rule. We estimated the total annualized costs for the 
proposed rule to be $2.0 million. We project that only one facility will incur 
significant costs. A global agrochemical company with annual revenue estimated 
in the $100 million to $500 million range owns this facility. The facility itself 
would not be a small business even if it were not owned by the larger entity. The 
annualized control costs for this company would be 0.3 percent to 1.5 of percent 
revenues. We do not expect these small costs to result in a significant market 
impact whether they are passed on to the consumer or absorbed by the company. 

Because no small firms will incur control costs, there is no significant impact on 
small entities. Thus, we do not expect this regulation to have a significant impact 
on a substantial number of small entities.”10 

Thus, EPA’s entire economic impact analysis is that annualized costs will be $2 million at one 
facility, and this facility is part of a large global agrochemical company.  Also, EPA assumes 
there will not be a significant market impact because the costs are a relatively small percentage 
of revenues.   

First, whether a facility subject to increased costs is part of a large global company is irrelevant 
to the question of whether that company will make a particular control investment at a specific 
facility in its portfolio.  Businesses make incremental investment decisions – even those that are 
mandated by regulation – based on whether or not the investment will earn a sufficient return.  
Thus, the decision of whether to invest to comply, or instead to shut down a facility, is made at 
the facility level.  A parent company would not be maximizing its overall shareholder value if it 

                                                 
8 79 Fed. Reg. 66534. 
9 79 Fed. Reg. 66557, Section VI.D. 
10 79 Fed. Reg. 66557-66558. 
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were to choose to spend on compliance at a subsidiary that could not generate an acceptable 
return on that investment.  A parent company will not subsidize poor investment decisions at any 
of its individual facilities just because it can raise the cash to do so; that would be the essence of 
bad business decision making. 

Second, comparing a company’s increased production costs to its revenues to draw conclusions 
on economic impacts is incorrect.  EPA demonstrates a basic misunderstanding of economic 
impacts when it compares increased production costs to sales revenues and concludes that if such 
additional costs are small relative to revenues, then “We do not expect these small costs to result 
in a significant market impact.”  Revenues are not an indicator of a company’s ability to pay for 
increased costs – profits and/or cash flow are.  (In fact, it should be a combination of profit and 
cash flow over the period of the investment and then discounted back to a net present value.)  
Take a simple example of a company with $100 million in annual revenues and a regulation that 
mandates incremental production costs of only $1 million.  These costs may be small relative to 
sales, but if the company also has existing costs of $99.5 million then it would not have 
sufficient profits with which to pay for the additional costs, and if it were to incur them it would 
then lose money if it could not raise its prices. 

The two paragraphs in the “What are the economic impacts?” section of the preamble in the 
Federal Register (quoted above) do not reflect any analysis that would support EPA’s 
conclusion, “We do not expect these small costs to result in a significant market impact whether 
they are passed on to the consumer or absorbed by the company.”11  In fact, the only support for 
the economic impacts on the affected firms is the statement that the costs are very small relative 
to the firm’s revenues.  This statement, however, merely connects two financially-unrelated 
concepts and reflects a fundamental lack of understanding of how investment decisions are made 
within companies.  As described above, the way in which companies make decisions is based on 
whether or not the investment will be sufficiently profitable.12 

D. EPA did not perform any estimates of potential benefits 

In addition to not quantifying the economic impacts, EPA also did not provide any quantified 
estimate of benefits that could result from the Proposed Amendments.  EPA states that the 
Proposed Amendments will reduce mercury emissions by approximately 145 pounds per year 
and then concludes, “These avoided emissions will result in improvements in air quality and 
reduced negative health effects associated with exposure to air pollution of these emissions.”13  
EPA did not attempt to quantify or monetize potential benefits from the 145 pounds of mercury 
reductions, nor to substantiate how these could imply improvements in air quality and health 
effects.  As we discuss below, the mercury health benefits, if any, would be far less than the 
                                                 
11 79 Fed. Reg. 66557-66558. 
12 Companies may not make investments in some profitable projects, if other potentially more profitable options are 

available. 
13 79 Fed. Reg. 66558. 
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proposed BTF rule’s costs, and there is no evidence that there would be any meaningful 
improvement in air quality, and even less basis for claiming health benefits therefrom.   

Mercury Reduction Benefits.  Although EPA did not apply it to this proposed rule, it does have 
a methodology for quantifying benefits associated with mercury, which it showcased in its RIA 
for the final MATS.14  Whatever criticisms may be leveled at that methodology and its 
assumptions, if EPA continues to support its MATS RIA, it should at a minimum have applied 
the same quantification to the benefits for this new proposed mercury-related regulation.  As 
explained below, we can use results from the MATS benefits analysis to develop a rough, order-
of-magnitude estimate of the potential benefits associated with the 145 pounds of mercury 
reductions from the proposed BTF limit that EPA would compute if it were to apply its own 
methods and assumptions to this rule.  The approach we apply below follows the “$/ton” benefits 
transfer method that EPA routinely uses in many of its other RIAs to approximate PM2.5 and 
ozone benefits or co-benefits from projected reductions in emissions that are precursors to those 
ambient pollutants.15  

EPA’s mercury benefits analysis in the MATS RIA focused on the exposure to methylmercury 
among those who consume self-caught freshwater fish.  EPA’s benefits associated with reduced 
mercury emissions are calculated based on the avoided reductions in IQ points among the 
population that consumes self-caught freshwater fish, with a particular emphasis on prenatal 
mercury exposure. 

EPA’s quantification of benefits from reductions in mercury deposition is based on a dose-
response relationship from three major studies, as summarized by Axelrad et al. (2007), which 
estimated  a reduction of 0.18 IQ points per 1 part per million of increase in the concentration of 
mercury in maternal hair.  After estimating the total change in IQ points across the population 
resulting from the change in mercury emissions from the MATS, EPA monetizes this change 
using an estimate of foregone future earnings per point of lower IQ.  Figure 3 summarizes the 
changes in emissions in the MATS rule, the resulting projected change in total IQ point changes 
across the U.S. population, and the estimated value of that IQ change.  (Intervening calculations 
between these numbers included modeling of the transport and fate of those emissions, the 
resulting change in methylmercury concentrations in U.S. freshwater fish, and the resulting 
change in mercury in the hair of pregnant women given their fish consumption patterns.) 

                                                 
14 Regulatory Impact Analysis for the Final Mercury and Air Toxics Standards, U.S. EPA, December 2011. 
15 EPA uses such a benefits transfer approach in a large number of its RIAs, including to estimate health co-benefits 

from PM2.5 in its RIA for MATS.  See Regulatory Impact Analysis for the Final Mercury and Air Toxics 
Standards, U.S. EPA, December 2011, Section 5.2. 
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Figure 3:  Summary of EPA-Estimated Benefits from MATS16 

 Base Case MATS Changes 

Mercury Emissions 
from Covered EGUs 

26.6 tons 6.6 tons -20.0 tons (-40,000 lbs) 

IQ Points Lost   510.8 

Economic Value of 
Avoided IQ Loss   

$4 to $6 million (3% discount rate, 2007$) 

$500,000 to $1 million (7% discount rate, 
2007$) 

Following EPA’s typical “$/ton” benefits transfer approach, we use the numbers in Figure 3 to 
estimate the average dollar benefit per pound of reduced mercury emissions in the U.S. under the 
MATS rule.  This is obviously a rough estimate, but can indicate the order of magnitude of 
mercury benefits for the present proposed BTF limit that would result from a more detailed 
analysis, if one accepts the assumptions and relationships used in the more detailed MATS 
benefits analysis.17  It produces a range of economic benefit per pound of mercury reduced of 
between $12.50 (for a 7% discount rate) and $150 (for a 3% discount rate).  Multiplying this 
range by the 145 pounds of estimated mercury reductions that could be achieved by the proposed 
BTF limit yields economic benefits of the proposed BTF limit between $1,813 and $21,750 per 
year (in 2007 dollars, $2,000 to $24,000 in 2014 dollars).   

EPA’s Likely Claim of PM2.5 “Co-Benefits.”  In other rulemakings addressing HAPs, EPA has 
attempted to build a benefit-cost argument based on benefits from so-called “co-benefits” of non-
HAP pollutants, such as reductions in particulate matter and carbon dioxide.  We have criticized 
EPA’s excessive reliance on co-benefits from PM2.5 to justify non-PM rules, and would not 
condone its application to the Proposed Amendments either.18  Nevertheless, one can readily 
anticipate that if EPA were to have estimated benefits for the Proposed Amendments, it would 
have claimed co-benefits from projected coincidental reductions of ambient PM2.5.  While not 
agreeing with EPA’s inclusion or calculations of such co-benefits, we can still estimate the co-
                                                 
16 Regulatory Impact Analysis for the Final Mercury and Air Toxics Standards, U.S. EPA, December 2011, Tables 

ES-2, ES-3, and ES-4. 
17 A more detailed analysis would take into account the specifics of the potential mercury reductions from the BTF 

limits, the speciation of the potential mercury reductions, the avoided deposition of the mercury in lakes and 
streams surrounding the facility, and patterns of local recreationally-caught fish consumption.  These conditions 
would have to deviate significantly from the average types of changes projected for mercury under MATS in order 
to result in benefits per pound that differ by more than an order of magnitude.  The primary difference we can see 
in the specific details seems to be that the mercury emitted from the Aurora plant is more dominated by the 
elemental form of mercury than in the case of the average power plant.  This difference would, if anything, result in 
lower benefits per pound of mercury emission avoided because elemental mercury is non-soluble and thus tends to 
transport to much greater distances before depositing to the Earth’s surface, and a smaller fraction of each pound 
emitted is likely to end up affecting U.S. freshwater fish consumption. 

18 “An Evaluation of the PM2.5 Health Benefits Estimates in Regulatory Impact Analyses for Recent Air 
Regulations,” Prepared for the Utility Air Regulatory Group, Anne Smith, NERA Economic Consulting, December 
2011.  
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benefits that EPA likely would have claimed, if they had attempted to provide a quantitative 
benefits estimate for the Proposed Amendments.   

The only basis we could identify for a co-benefits claim would come from the small incremental 
reductions in annual SO2 emissions that might result from installation of fixed bed adsorption at 
PCS Aurora.  (SO2 is a precursor for ambient PM2.5 formation.)  We understand from PCS that 
SO2 is already significantly controlled by Venturi scrubbers and wet ESPs at PCS Aurora; the 
downstream addition of fixed bed adsorption to reduce mercury might provide some incremental 
“polishing” reduction of the very small residual of SO2 from those units.  URS has estimated that 
the installation of fixed bed adsorption at PCS Aurora could reduce SO2 emissions by 
approximately 1.34 tons per year (there would not be any SO2 reductions expected with ACI).19  
We apply EPA’s own “benefits transfer” $/ton estimates to this estimate of possible co-
reductions of SO2 to determine what EPA would claim to be the air quality health benefits from 
the proposed BTF limit. 

EPA’s usual approach to estimate co-benefits from SO2 reductions is to apply a sector-based 
PM2.5 benefit per ton.  For the PCS Aurora facility, EPA would likely have applied 2016 benefits 
from industrial point sources associated with SO2 emission reductions, which EPA estimates to 
be $39,000 per ton (2010 dollars, $42,000 in 2014 dollars).20  Thus, the potential co-benefits that 
EPA might have estimated for the SO2 reductions would be approximately $56,000 per year 
(2014 dollars).   

As is usual, EPA’s co-benefits estimate would be larger than the direct mercury benefits 
estimate, but in this case it is by no means large enough to offset the millions of dollars per year 
in costs that even EPA attributes to the proposed BTF limit.  We also note that there could be 
some “co-disbenefits” from this rule that would offset this estimate of co-benefits.  For example, 
we understand that installation of ACI could actually increase particulate emissions due to 
material handling requirements for the activated carbon.  We also note that a need for auxiliary 
power to run the control equipment would increase CO2 emissions, if that power were not 
directly from a zero carbon resource such as wind, solar, or nuclear.21   

We have noted our objections to EPA’s practice of including co-benefits from co-reductions of 
PM2.5 in making a benefit-cost case for regulations to address risks from HAPs.  The practical, 
scientific and theoretical reasons for our objections are detailed in Smith (2011).  Supplementing 
those reasons, we note that the estimates of health benefits valued at up to $39,000 per ton of 

                                                 
19 “Engineering Review of Proposed Control Technology Requirements for the PCS Phosphate Rock Calciners – 

PCS Phosphate – Aurora, NC,” URS Corporation, January 2015, Section 2.4. 
20 See http://www.epa.gov/airquality/benmap/sabpt.html.  
21 PCS states in its comments that operating an ACI could actually increase particulate emissions due to material 

handling requirements for the activated carbon.  Also, operation of ACI is likely to result in a need for auxiliary 
power, which would increase CO2 emissions if that power were not directly from a zero carbon resource such as 
wind, solar, or nuclear. 
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SO2 are probably a very significant overstatement.  This is because the PM2.5 concentrations 
around and downwind of the PCS Aurora facility are already well below the level of the current 
national ambient air quality standard (NAAQS) for PM2.5.  Legally, this means that the EPA 
Administrator does not consider the PM2.5 levels that PCS Aurora’s SO2 emissions affect to pose 
a public health concern.22  For example, the current annual PM2.5 NAAQS (which was set at the 
end of 2012) is 12 µg/m3.  Federal monitoring throughout the PCS Aurora facility’s region 
indicates that current annual average PM2.5 is far below this NAAQS level, as illustrated in 
Figure 4.  Thus the claim that very small potential changes in residual SO2 emissions from this 
facility would produce any actual change in public health effects from air pollution exposure is 
not defensible – the expected value of the co-benefits is essentially $0 per year. 

Figure 4:  Current (2011-2013) Design Values of PM2.5 from All Qualifying Monitors in North 
Carolina 

 

  

E. The proposed BTF limit’s benefits are far lower than its costs   

If EPA had attempted to quantify the total benefits of the rule, we conservatively estimate that 
EPA would have reported approximately $81,000 (2014 dollars).  This is the sum of the high-end 
of the estimated benefits from the mercury reductions and our estimate of what EPA would claim 
to be co-benefits from possible co-reductions of SO2.  Using this high-end total benefit estimate 
of $81,000 per year, the EPA’s estimated annual costs of $1.22 million (2014 dollars) for control 
via fixed bed adsorption would be more than 15 times higher than the estimated benefits.  
Moreover, 

 Compared to the EPA’s costs of the two options that include ACI, and which would not 
have any co-benefits, the costs would be between 75 and 104 times higher than the 
estimated benefits. 

                                                 
22 The NAAQS level must be set at a level that protects the public health with an “adequate” margin of safety.   
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 Using URS’ annual control costs, the proposed BTF rule would cost almost 72 times 
more than its benefits. 

 We strongly disagree with the assumptions EPA uses for its co-benefits calculations, and 
if those co-benefits are excluded (as we argue they should be), NERA estimates that the 
proposed BTF rule’s costs would be more almost 237 times higher than its potential 
benefits. 

No matter which set of cost or co-benefit estimates one wishes to accept, our analysis of benefits 
indicates a major failure of the proposed BTF limit to pass a benefit-cost test.  The goal of good 
regulation is to increase societal well-being, and it is the purpose of benefit-cost analyses to 
separate good regulation from harmful regulation.  Economic reasoning thus indicates that this 
proposed rule, if implemented, would decrease societal well-being and is thus an example of 
potentially harmful regulation. 
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SCOTT J. BLOOMBERG 
Vice President 

 
Mr. Bloomberg focuses on economic and strategic issues facing the energy and large energy-
consuming sectors.  His areas of specialization include assessing national and regional effects of 
proposed environmental regulations and restructuring of energy markets.  He has served 
important roles in litigation support, assisting experts with all forms of economic and large 
dataset analyses, serving as the lead on quality control, and working with legal teams to shape 
strategies informed by the analyses.  He has also led projects for several clients that have focused 
on long-term resource planning, either as part of regulated integrated resource plan filings or as 
corporate strategic initiatives.  Mr. Bloomberg has helped clients understand the inter-
relationships among fuel markets (particularly natural gas and coal), environmental 
regulation/policy, and technological progress that are a vital part of any business planning 
process.  Recent projects have focused on cost-benefit analyses of proposed regulations, 
evaluations of different investment options given uncertain commodity markets, detailed 
analyses of proposed federal and regional environmental regulations, analyses of electric sector 
costs, and business impacts resulting from multi-pollutant legislation and regulation.   
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Education 

University of Chicago 
MBA (Honors), Finance and Strategic Management, 2002 

Northwestern University  
BA (Honors), Mathematical Methods in the Social Sciences, Economics, and 
Sociology, 1996 

 

Professional Experience 

NERA Economic Consulting 
2011-present Vice President 

Charles River Associates 
2008-2011 Principal, Climate & Sustainability Group 

2005-2008 Associate Principal, Energy & Environment Practice 

2002-2005 Senior Associate, Energy & Environment Practice 

 

Selected Experience 

Environmental/Energy Policy 

Filed technical comments on EPA’s 2012 Regulatory Impact Analysis (RIA) and 2014 Proposed 
Rule for National Emissions Standards for Hazardous Air Pollutants (NESHAP) from ferroalloys 
production.  Comments focused on a review of EPA’s economic impact analysis and identified 
flaws in that analysis. 

Led evaluation of a potential carbon dioxide standard for existing power plants.  Study 
considered impacts of flexibility in the form of inter-state trading of credits and credits 
associated with energy efficiency. 

Co-author of study to evaluate the potential impacts on the U.S. economy from possible future 
carbon taxes whose revenues would be devoted to a combination of debt and tax rate reduction.  
The analysis utilized the NewERA model to estimate the effects of a carbon tax on the U.S. 
economy as well as on emissions and energy markets. 

Co-author of study on likely and potential future U.S. energy policy over the remaining years of 
the Obama Administration (2013-2017), and its implications for the oil and natural gas sectors. 
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Co-author of analysis that reviewed seven major recent and anticipated EPA regulations 
affecting the electricity and energy sectors.  The analysis used the NewERA model to estimate 
electricity and other energy market impacts and broader economic impacts. 

Performed analysis to support comments filed by the American Coalition for Clean Coal 
Electricity (ACCCE) regarding EPA’s proposed new source performance standard (NSPS) for 
CO2 emissions from new fossil-fired electric generating units.  Analysis focused on limitations of 
EPA’s conclusions regarding the NSPS and the importance of evaluating uncertainties. 

Performed a detailed analysis of EPA’s Mercury and Air Toxics Standards (MATS) Rule using 
the NewERA model.  Analysis focused on costs and associated economic impacts associated with 
compliance with the Rule, and also a comparison to EPA’s own modeling results. 

For a large generator owner, conducted a detailed review of EPA’s modeling analysis of the final 
Cross State Air Pollution Rule (CSAPR), with a particular focus on identifying incorrect 
modeling assumptions and inconsistencies between the Rule and the analysis used to support it. 

Conducted detailed, long-term assessment of the value of the existing nuclear generating fleet 
and potential value for additional nuclear generating capacity through up-rates and new nuclear 
builds. 

Analyzed several different forms of renewable energy standards/clean energy standards, with a 
particular emphasis on understanding the potential implications on demand and pricing of natural 
gas. 

Worked with a team of industry and functional experts to evaluate the potential consequences of 
proposed carbon policies on the airline industry and to develop strategies to mitigate negative 
outcomes. 

Led engagement evaluating Midwest Governors’ proposed cap-and-trade policy and the 
economic consequences that could result from its implementation on key industries in 
Minnesota.  

Evaluated the potential outcomes in the electric sector that could results from a moratorium on 
new coal-fired power plants. 

Conducted analysis to evaluate the factors that could drive prices in the Regional Greenhouse 
Gas Initiative (RGGI) market. 

Extensive analysis of national, state, regional, and utility-specific cost impacts of several 
proposed environmental legislations/rules related to the electric utility sector. Federal CO2 
policies evaluated include: Lieberman-Warner-Boxer, Bingaman-Specter, McCain-Lieberman, 
Sanders-Boxer, and Carper. State and regional CO2 polices evaluated included: RGGI, Florida, 
Illinois, and Midwest Governors. 

Led a review and analysis of various allowance allocations and their consequences on retail 
electricity prices and bills across the United States. 
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Review of state and national-level renewable portfolio standards (RPS) with a focus on 
renewable energy credit (REC) prices, CO2 emission reductions, and economic efficiency of 
proposals. 

Conducted analysis of the consequences on the electric sector that could result from a 
widespread adoption of plug-in hybrid electric vehicles (PHEVs) as part of a larger study by the 
Electric Power Research Institute (EPRI) on the air quality impacts associated with PHEVs. 

Allowance price forecasting for SO2, NOX, Hg, and carbon under assorted environmental 
scenarios, fuel cost scenarios, and capital cost assumptions. 

Conducted detailed impact analysis resulting from a state’s proposal to opt out of EPA’s Clean 
Air Mercury Rule (CAMR) and instead impose a MACT. Impacts include total costs, wholesale 
electricity prices, emissions levels, coal unit profitability, and tax revenues. 

Conducted analyses and co-authored comments on EPA’s proposed Mercury Rule, filed on 
behalf of EPRI. 

Financial modeling of the costs and benefits of implementing RTO and SMD policies within the 
Eastern Interconnection on behalf of regulatory utility commissions. 

Strategic financial assessment of the costs and benefits of joining an RTO for a large eastern 
utility. 

Strategic Investment Decisions 

Valuation of existing nuclear power plant for sale-leaseback transaction.  Analysis included 
several sensitivities with respect to environmental policy, natural gas prices, and electricity 
demand growth. 

Lead author of study evaluating whether or not nuclear small modular reactors should be 
considered as a baseload generating option in Iowa.  Study filed with Iowa State Utilities Board 
as part of MidAmerican Energy Company’s testimony. Docket No. RPU-2013-0005.  Analysis 
evaluates the options given a range of key uncertainties, including sensitivities on several 
independent variables.  

Led diverse teams in developing long-term fuel forecast scenarios (natural gas, coal, and oil) 
used by a large vertically integrated utility in all of their long-term planning and strategic 
decision-making analyses, including those presented to respective state utility commissions. 

Led scenario analysis exercise for integrated utility.  Scenario analysis used to inform utility’s 
senior management of strategic opportunities and risks over the next 20 years. 

Assisted AmerenUE with its integrated resource plan (IRP) by providing a consistent set of 
integrated inputs across a range of policy and commodity price scenarios.  This analysis also 
included a probabilistic analysis and formal risk assessment. 



Scott J. Bloomberg 
 

NERA Economic Consulting  5 
 

 

Led an IRP for a state governmental agency.  Work included educating the client on IRP 
processes and best practices, and an evaluation of preferred resource plans given uncertainties in 
commodity markets and future load growth. 

Assisted a G&T cooperative in evaluating the relative costs, benefits, and risks associated with 
different potential new capacity additions, accounting for uncertainties with respect to carbon 
policy and natural gas prices. 

Analyzed the value of new combined cycle generation capacity in different regions of the US 
and Canada to assist a project developer in targeting preferred markets. 

Conducted a broad evaluation of environmental planning processes used by a utility to evaluate 
its future power plant and retrofit investments. 

Estimated the capital and operating costs related to the potential installation of pollution control 
equipment at selected power plants in response to proposed environmental policies. Estimated 
costs were used in the valuation of power plants under consideration as acquisitions by client. 

Estimated the residual lease value for several coal-fired power plants leased to a hedge fund to 
assist the hedge fund in future lease negotiations. 

Evaluated the prudence and timing of proposed capital investments in pollution control 
equipment for a Midwestern electric cooperative. 

Determined the market potential of an early-stage clean coal technology. Assessed strategic 
pricing options and optimal customer targets. 

Testimony Support in Regulatory and Judicial Proceedings 

Led support for expert witness in the matters of Sierra Club v. Energy Future Holdings Corp. et 
al, Case No. 5:10-cv-156 (E.D.Tex) and Case No. 6:12-cv-108 (W.D.Tex) on behalf of Energy 
Future Holdings, regarding alleged opacity violations at the Martin Lake Power Plant and the 
Big Brown Power Plant, respectively.  Support included review, synthesis and merging of large 
public and private datasets; detailed economic analysis including statistical analysis of 
robustness of results; quality control of data and analyses; management of other team members; 
coordination with legal team and expert witness; and testimony support. 

Led support for expert witness in proceedings before the State of New Mexico Environment 
Improvement Board, EIB 11-16(R ), in the matter of Proposed Repeal of Regulation 20.2.100 
NMAC – “Greenhouse Gas Reduction Program.”  Support included analysis, quality control, 
coordination with legal team, and testimony support. 

Led support for expert witness in proceedings before the State of New Mexico Environment 
Improvement Board, EIB 11-15(R ), in the matter of Proposed Repeal of Regulation 20.2.350 
NMAC – “Greenhouse Gas Cap and Trade Provisions.” Support included analysis, quality 
control, coordination with legal team, and testimony support. 



Scott J. Bloomberg 
 

NERA Economic Consulting  6 
 

 

Managed a team of five people supporting the expert testimony of two expert witnesses, 
including analysis, quality control, testimony preparations, and witness preparation.  Also, 
evaluated generating unit-level and system-level economic impacts resulting from several 
scenarios of compliance with Colorado’s Clean Air Clean Jobs Act.  Expert testimony and 
rebuttal testimonies were focused on relative costs, relative risks, and key assumptions such as 
fuel prices and environmental policy. 

Analyzed expected dispatch and profitability of natural gas-fired combined cycle units as part of 
arbitration hearing on damages incurred through breach of contract. 

Conducted detailed modeling of operation of pumped storage hydroelectric facility in the 
northeast, including forecasts of energy and ancillary services revenues as part of a broader 
facility valuation. 

In support of expert testimony in an international arbitration hearing, performed detailed analysis 
of physical and financial transactions for liquefied natural gas (LNG) to be delivered from North 
Africa.  Assessment included evaluations of physical storage levels, shipping capability, risk 
mitigation, and netback pricing. 

Analyzed key issues in support of expert testimony regarding California energy crisis of 2000-
2001, with a primary focus on natural gas transportation, storage, and consumption. 

Conducted analyses relating to cost of capital appropriate for independent power projects in 
support of expert testimony as part of arbitration hearing. 

Estimated damages incurred through a breach of contract dispute related to the termination of a 
tolling agreement. Damages estimate was presented as part of binding arbitration. 

 

Publications 

“Potential Impacts of the EPA Clean Power Plan,” with D. Harrison, A. Smith, P. Bernstein, A. 
Foss, A. Stuntz, and S. Tuladhar, prepared on behalf of American Coalition for Clean Coal 
Electricity, American Fuel & Petrochemical Manufacturers, Association of American Railroads, 
American Farm Bureau Federation, Electric Reliability Coordinating Council, Consumer Energy 
Alliance, and National Mining Association, October 2014.  (available at:  
http://www.nera.com/content/dam/nera/publications/2014/NERA_ACCCE_CPP_Final_10.17.20
14.pdf)  

“Assessing Economic Impacts of a Stricter National Ambient Air Quality Standard for Ozone,”  
with D. Harrison, A. Smith, P. Bernstein, S. Tuladhar, A. Foss, and A. Stuntz, prepared on behalf 
of the National Association of Manufacturers, July 2014.  (available at:  
http://www.nera.com/content/dam/nera/publications/2014/PUB_NERA_NAM_Ozone_Report_0
714.pdf)  
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“Economic Outcomes of a US Carbon Tax,” with A. Smith, D. Harrison, W.D. Montgomery, P. 
Bernstein, S. Tuladhar, M. Yuan, W. Gans, N. Kaufman, and S. Mankowski, prepared on behalf 
of the National Association of Manufacturers, February 2013.  (available at 
http://www.nera.com/nera-files/PUB_Smith_NAM_FinalReport_0213.pdf)  

“Impacts of Renewable Energy Subsidies on Achieving Renewables Goals,” with M. King, J. 
Heidell, P. Bernstein and S. Tuladhar, NERA Economic Consulting, January 2013.  (available at 
http://www.nera.com/nera-files/PUB_Renewable_Energy_Subsidies_Incentives_1212.pdf)   

“Economic Implications of Recent and Anticipated EPA Regulations Affecting the Electricity 
Sector,” with D. Harrison, A. Smith, A. Foss, A. Locke, S. Mankowski, M. McPhail, R. Patel 
and S. Tuladhar, prepared for American Coalition for Clean Coal Electricity, October 2012. 
(available at: http://www.nera.com/nera-files/PUB_ACCCE_1012.pdf)  

“Analyzing the Changing US Carbon Policy Landscape,” with S. Tuladhar and S. Mankowski, 
NERA Economic Consulting, March 2012. 

“An Economic Impact Analysis of EPA’s Mercury and Air Toxics Standards Rule,” with A. 
Smith, P. Bernstein, S. Mankowski and S. Tuladhar, March 1, 2012. 

“Gas Shales—A Game-Changer for Natural Gas Producers and Consumers,” in CRA Insights: 
Oil & Gas (June 2010).  

“The Price of Carbon,” in Electric Light & Power Magazine, Volume 87 (August 2009).  

“The Merits of Combining a Renewable Electricity Standard with a Greenhouse Gas Cap-and-
Trade Policy: An Analysis of the American Clean Energy and Security Act of 2009 (H.R.2454),” 
with M. Neimeyer and K. Ditzel, Dialogue, in Dialogue, United States Association for Energy 
Economics (August 2009).   

“Macroeconomic Analysis of American Clean Energy and Security Act of 2009,” with R. Baron, 
P. Bernstein, K. Ditzel, J. Lamy, L. Lane, D. Montgomery, A. Smith, S. Tuladhar, and M. Yuan, 
in Dialogue, United States Association for Energy Economic, (August 2009).   

“An Assessment of H.R. 2454 Cost Estimates by EPA and CBO,” white paper, with W. D. 
Montgomery and P. Bernstein. (June 2009). 

“Impact on the Economy of the American Clean Energy & Security Act of 2009,” prepared on 
behalf of National Black Chamber of Commerce (May 2009). 

“Economic Analysis of the Lieberman-Warner Climate Security Act of 2007 Using CRA’s 
MRN-NEEM Model,” with P. Bernstein, R. Baron, B. Gibbs, W. D. Montgomery, J. Plewes, A. 
Smith, S. Tuladhar, and M. Yuan. April 8, 2008. 
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Speeches and Presentations 

“A Carbon Dioxide Standard for Existing Power Plants: Impacts of the NRDC Proposal,” 
prepared on behalf of the American Coalition for Clean Coal Electricity, March 2014 (available 
at: http://www.americaspower.org/sites/default/files/NERA%20NRDC%20March%202014.pdf).  

“Approaches to Combining Policy and Technology to Achieve Greenhouse Gas Emission 
Reductions,” with S. Tuladhar, P. Bernstein, and S. Mankowski, Sixth Annual Conference and 
Meeting of the Society for Benefit-Cost Analysis, Washington, DC, March 2014. 

“Findings from an Assessment of Baseload Generation Options in Iowa,” NEI Small Reactor 
Forum, Washington, DC, February 2014. 

“Electricity Generation in the Era of $4.00 Natural Gas,” Shale Insight 2013 Conference, 
Philadelphia, PA, September 2013. 

“EPA Regulation of Greenhouse Gases, a Carbon Tax, or All of the Above? Understanding the 
Relative Economic Impacts,” with M. Yuan, S. Mankowski, and A. Smith, Air & Waste 
Management Association Climate Change: Impacts, Policy and Regulation Conference, 
Herndon, VA, September 2013. 

“Impacts of Renewable Energy Subsidies on Achieving Renewables Goals,” with M. King, J. 
Heidell, P. Bernstein and S. Tuladhar, 25th Annual Western Conference, Center for Research in 
Regulated Industries, Monterey, CA, June 2012. 

“Analyzing the Changing Climate Policy Landscape,” EUEC Conference, Phoenix, AZ, 
February 2012. 

“The Importance of Long-Term Fuel Forecasts for Scenario Planning,” EUCI, White Plains, NY, 
October 2011. 

“The Importance of Long-Term Fuel Forecasts for Scenario Planning,” for the Southeastern 
Electric Exchange, March 2011. 

“Uncertain Emissions Regulations Create Challenges for Retrofit and New Build Decisions,” 
Energy & Environment Conference & Expo, Phoenix, AZ, February 2009. 

“Climate Change Policy Risks and Opportunities,” Goldman Sachs Conference, New York, NY, 
April 2008. 

“Economics of Climate Change Policy Options – Analyses of Lieberman-Warner Bill,” Business 
Roundtable Climate RESOLVE Workshop, November 2007. 
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“Policy Modeling Results: Implications for Compliance Strategies,” Electric Utilities 
Environmental Conference: Clean Air, Mercury, Global Warming & Renewable Energy, Tucson, 
AZ, January 2006. 

“Economic Impacts of Regulatory Developments for Mercury,” Infocast - Power Plant 
Emissions Reduction Technologies & Strategies: Coal Sustainability Under New Environmental 
Regulations, Washington, DC, October 2005. 
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Anne E. Smith 
Senior Vice President 

 
Dr. Anne Smith is an economist and decision analyst specializing in regulatory impact 
assessment, economic impact analysis, and benefits analysis.  Dr. Smith has conducted major 
analyses on costs, benefits, and macroeconomic impacts of many important environmental 
issues, including air quality standards (e.g., PM2.5, ozone, SO2, NOx, VOC, mercury, visibility), 
global climate change, and natural resource damage assessment (NRDA).   
 
Since 1995, Dr. Smith has been continuously engaged as an expert in multiple different NAAQS 
proceedings.  She has prepared innovative analyses, published research papers, and submitted 
technical comments on risk analysis, on the link between epidemiological studies and risk 
assessment, and on weight of evidence techniques for addressing uncertainties in the health 
science.  Dr. Smith has been engaged as an expert witness in major litigation, including New 
Source Review (NSR) litigation against several utilities, and the air quality nuisance suit State of 
North Carolina v. TVA, in which she was a central testifying expert on benefit-cost analysis and 
valuation of mortality risks for air pollution (VSL vs. VSLY).  She testified before the Colorado 
Public Service Commission in the significant proceedings regarding the utility system costs of 
alternatives for meeting the requirements of the Colorado Clean Air – Clean Jobs Act in 2010.  
She has testified numerous times before the US Congress.  Dr. Smith also helps private 
corporations devise business strategies to address changing regulatory and business 
environments.   

Before joining NERA, Dr. Smith headed the Climate & Sustainability Group at Charles River 
Associates.  Prior to that, she headed the Environmental Policy Practice and served on the Board 
of Directors at Decision Focus Incorporated, and earlier served as an economist in the Office of 
Policy Planning and Evaluation at the USEPA. 

Dr. Smith received her BA degree in Economics from Duke University in 1977, summa cum 
laude, and is a member of Phi Beta Kappa.  She received her MA and PhD degrees in Economics 
from Stanford University, where her studies concentrated in industrial organization, decision 
sciences, and labor economics.  Her PhD degree included a minor in Stanford’s Engineering-
Economic Systems Department (presently known as the Department of Management Sciences 
and Engineering). 



 
Anne E. Smith 

 

 
 

NERA Economic Consulting 
 

2
 

Education 

Stanford University 
  PhD, Economics (with minor in Engineering-Economic Systems), 1984 

Stanford University 
  MA, Economics, 1981 

Duke University 
BA Economics, summa cum laude, 1977 

 

Professional Experience 

NERA Economic Consulting 
Current Senior Vice President  

Charles River Associates 
1998-2011  Vice President and leader of the Climate & Sustainability Group  

Decision Focus Incorporated (later DFI-Aeronomics) 
1984-1998  Principal, Vice President, and leader of the Environmental Policy Practice; 

Member of DFI Board of Directors from 1997-1998.  

SRI International  
1981-1982 Research Analyst 

Economic Analysis Division of the Office of Policy Planning and Evaluation 
of the U.S. Environmental Protection Agency 

1977-1979 Economist  

 

Some Examples of Relevant Projects 

Gibson Dunn and Crutcher.  Prepared an expert report on uncertainties in the application of 
BenMAP to the estimation of health impacts from PM2.5 and on techniques for estimating 
willingness to pay for changes in mortality risk (VSL and VSLY evidence).  Work as done for 
testimony in litigation related to a New Source Review lawsuit. 
 
Electric Power Research Institute (EPRI)—Prepared review and weight-of-evidence summary of 
relative risks from all published epidemiological papers on chronic, long-term exposure mortality 
risk in the U.S. from ambient PM2.5.   Reviewed how EPA’s BenMAP model can be enhanced to 
serve better function as a risk analysis support tool.  Results, with quantitative sensitivity 
analyses, reported in a paper now accepted for publication pending minor clarifying revisions. 
 



 
Anne E. Smith 

 

 
 

NERA Economic Consulting 
 

3
 

Utility Air Regulatory Group—Performed a review of RIA benefits for all major EPA air-related 
rulemakings since 1997, and of EPA’s regulatory impact analysis practices dating back to the 
1980s that identified the emergence and expansion of EPA’s reliance on PM2.5 co-benefits in 
non-PM rulemakings, such as ozone.  Prepared a report identifying areas for improvement in 
EPA’s regulatory impact analyses and for improving the credibility of EPA’s PM2.5 health risk 
calculations.     
 
American Petroleum Institute—Reviewed the RIA for the ozone NAAQS reconsideration that 
demonstrated the extent to which PM2.5 co-benefits were driving the appearance that a tighter 
ozone NAAQS would have benefits greater than its costs.  Also demonstrated the techniques by 
which EPA had adjusted its benefits calculations to increase ozone and PM2.5 mortality benefits 
estimates since the time of the 2008 ozone RIA.  Results of analysis were presented before OIRA 
just prior to the President’s decision to return the reconsideration rule to the EPA. 
 
Utility Air Regulatory Group—Reviewed and technically critiqued health effects literature for 
ambient PM2.5, with focus on potential errors in the statistical inferences being used as the basis 
for risk and benefits estimates associated with the proposed PM NAAQS.  Supported UARG 
with expert testimony on risks and risk management in public hearings and in front of the EPA 
Science Advisory Committee (CASAC).  Also made technical presentations to senior EPA staff 
in a non-public setting on risk assessment methodology. 
 
Utility Air Regulatory Group—Reviewed and technically critiqued EPA’s risk analyses for 
ozone health effects associated with the 2014 ozone NAAQS rulemaking proceedings.  
  
U.S. Environmental Protection Agency—Performed risk assessment of the health effects of 
ambient carbon monoxide, using physiological modeling and decision analysis, in support of the 
National Ambient Air Quality Standards-setting process. 
 
Southern Appalachian Mountains Initiative—Led a team of expert economists and sociologists 
to advise SAMI’s multi-stakeholder group on the state of the art in valuing changes in air 
quality-related values, and provided guidance for SAMI to plan a comprehensive socioeconomic 
impact assessment of alternative emissions management options for the southeastern region of 
the United States.  Valuation techniques covered included ecosystem-related changes, visibility, 
recreation, health, materials, agro-forestry, lifestyle changes, and reliability.  Also provided 
guidance on options and techniques for assessing economic impacts and distributional impacts. 
 
Electric Power Research Institute—Prepared a framework integrating scientific and economic 
models and data to assess the cost-effectiveness of alternative mercury emissions control 
policies.  Prepared paper demonstrating the framework for two alternative utility sector 
emissions policies, including emissions trading versus a MACT standard. 
 
EPRI—Managed the design and implementation of a full-scale contingent valuation survey to 
estimate willingness to pay(WTP)  for improvement in regional haze conditions in scenic vistas 
in the Eastern U.S.  The survey explored the sensitivity of stated willingness to pay to different 
questionnaire formats.  Results were found to be sensitive to alternative ways of reminding 
respondents of their personal budgets. 
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Stoel Rives—Provided expert testimony in legal proceedings on valuation of visibility benefits 
associated with a power plant’s emissions in legal proceedings. 
 
U.S. Department of Energy—Assessed risks to public and workers at and surrounding sites 
within DOE’s nuclear weapons complex, for input into a DOE Report to Congress. Compared 
occupational safety and health impacts associated with alternative site remediation plans and 
review of OS&H programs. 
 
US Department of Agriculture, Food Safety and Inspection Service.  Worked closely with USDA 
staff to develop a risk ranking system to support a risk-based procedure for allocating 
Department resources for sampling for contaminants across the entire US food supply.  
 
Electric Power Research Institute—Participated in a group of experts advancing the state of 
knowledge regarding appropriate ways of estimating societal value associated with ecosystem 
impacts of global climate change. 
 
U.S. Environmental Protection Agency—Interdisciplinary review and critique of considerations 
for valuing ecosystem-related damages associated with climate change. 
 
Nuclear Electric, plc, U.K.—Reviewed and critiqued existing and on-going efforts to value the 
environmental impacts of electricity fuel cycles.  Prepared a research plan in this area for the 
client to address data gaps in evaluating environmental externalities of power. 
 
Stanford University—Developed laboratory worker protocol for air toxics health risk 
management plan, including statistical design for ambient monitoring program. 
 
Edison Electric Institute, EPRI, other industry organizations, and private corporations—
Developed an integrated modeling framework for assessing costs and economic impacts of 
multi-pollutant emissions trading policies in the U.S.  Framework incorporates a bottom-up, unit-
level model of U.S. electricity sector with a top-down macroeconomic model of the U.S. 
economy at large.  Led the implementation of data for assessing mercury emissions and controls 
for input to the model.  Submitted formal comments on cost and impact analyses for rulemaking 
process leading to the Clean Air Mercury Rule (CAMR), and also on the Clean Air Interstate 
Rule (CAIR), both of which were finalized in 2005. 

EPRI—Adapted a general equilibrium model to analyze alternative ways of achieving 
greenhouse gas targets, including emissions trading and hybrids of trading with technology 
standards. Added distortions of existing taxes to allow evaluation of efficiency-distributional 
trade-offs associated with alternative allowance allocation schemes. 
 
Several clients—Since 2003, have analyzed the costs and economic impacts of most of the 
climate bills being proposed to cap U.S. greenhouse gas emissions.  Analyses have included 
estimates of impacts to society at large, and to value of assets owned by individual companies.  
Also projected carbon allowance prices and demand for carbon credits/offsets. 
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Reason Public Policy Institute—Assessed health benefits, costs, and regional economic impacts 
of proposed national air quality standards for particulate matter and ozone.  Used the multi-
region REMI national model to assess economic impacts, including regional competitiveness 
effects, job loss/creation by sector, income impacts, and equity/distributional impacts.  
Uncertainty analysis on health damage functions and benefits valuation was also part of this 
assessment. 

U.S. Environmental Protection Agency—Investigated practical implementation issues for using 
emissions trading to address global climate change goals, and compared emissions trading to 
other incentive mechanisms. 
 
Grand Canyon Visibility Transport Commission—Led the development of the GCVTC’s 
integrated assessment system, its associated database of emissions control measures, and 
projected baseline of visibility conditions in the southwestern region of the United States; also 
applied a 15-region REMI model of the western United States to assess the macroeconomic 
impacts of alternative visibility management strategies generated through use of the integrated 
assessment system.  
 

Testimony in Regulatory and Judicial Proceedings 

Court and Hearings Boards 

Expert witness on economic incentives associated with opacity exceedances and alleged PM 
violations in Sierra Club v. Energy Future Holdings Corp. et al., Case No. 6:12-cv-108 
(W.D.Tex.), U.S. District Court for the Western District of Texas, Waco Division.  Written 
expert report filed June 13, 2013; declaration filed October 10, 2013; trial February 24-26, 2014. 
 
Expert witness on economic incentives associated with opacity exceedances in Sierra Club v. 
Energy Future Holdings Corp. et al., Case No. 5:10-cv-156 (E.D.Tex.), U.S. District Court for 
the Eastern District of Texas, Texarkana Division.  Written expert report filed May 21, 2013; 
rebuttal report filed June 20, 2013.   
 
Expert witness on emissions-related damages estimates in United States of America v. Westvaco 
Corporation, Civil Action No. MJG 00-CV-2602, U.S. District Court for the District of 
Maryland.  Written expert report filed February 21, 2012; deposition March 22, 2012; trial 
testimony January 17, 2013.   

Expert witness on cost to utilities and associated state macroeconomic and state revenue impacts 
of sectoral carbon limits, State of New Mexico Environment Improvement Board, EIB 11-16(R), 
in the matter of Proposed Repeal of Regulation 20.2.100 NMAC – “Greenhouse Gas Reduction 
Program.”  Written expert report filed October 7, 2011; testimony and cross examination 
December 13, 2011. 

Expert witness on cost to utilities and associated state macroeconomic and state revenue impacts 
of multi-state GHG cap-and-trade policy, State of New Mexico Environment Improvement 
Board, EIB 11-15(R ), in the matter of Proposed Repeal of Regulation 20.2.350 NMAC – 
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“Greenhouse Gas Cap and Trade Provisions.”  Written expert report filed September 15, 2011; 
testimony and cross examination November 8, 2011. 

Expert witness in international arbitration on business damages under the auspices of the 
Permanent Court of Arbitration, Case No. 2009-18.  Expert report on markets for Kyoto Protocol 
compliance instruments filed June 29, 2010; expert report on business damages and discount 
rates filed December 8, 2010; cross examination on September 2, 2011. 

Expert witness on present value of economic benefits to a company from delayed compliance in 
PennEnvironment and Sierra Club v. GenOn Northeast Management Company, Civil Action No. 
07-00475, U.S. District Court for Western District of Pennsylvania.  Expert report finalized May 
6, 2011, but not filed due to settlement of case. 
 
Expert witness on costs and risks, Public Utilities Commission of the State of Colorado, Docket 
No. 10M-245E, in the matter of the Commission consideration of Public Service Company of 
Colorado Plan in compliance with House Bill 10-1365, “Clean Air – Clean Jobs Act.”  Written 
answer testimony filed September 17, 2010; written cross-answer testimony filed October 8, 
2010; written supplemental answer testimony filed November 9, 2010; written supplemental 
cross-answer testimony filed November 15, 2010.  Cross-examinations on October 28, 2010 and 
November 19, 2010. 

Expert witness on cost and economic impacts, State of New Mexico Environment Improvement 
Board, EIB 10-04(R ), in the matter of Proposed Regulation 20.2.350 NMAC – “Greenhouse Gas 
Cap and Trade Provisions.”  Written expert report filed August 16, 2010; testimony and cross 
examination September 29, 2010. 

Expert witness on cost-benefit analysis in State of North Carolina ex. rel. Roy Cooper, Attorney 
General (Plaintiff) v. Tennessee Valley Authority (Defendant), Case No. 1:06-CV-20, U.S. 
District Court for the Western District of North Carolina, Asheville Division.  Written expert 
report filed February 27, 2007; deposition June 19, 2007; testified July 29, 2008.  

Expert witness on utility company compliance costs and emissions impact of an alternative 
emissions control approach to the proposed mercury control policy for the State of Illinois, (in 
the matter of proposed new Ill. Adm. Code 225, Illinois Pollution Control Board Hearings on 
the matter of Control of Emissions from Large Combustion Sources (Mercury)).  Written 
testimony filed July 28, 2006; cross examination at IPCB hearings on August 14-17, 2006 
(Chicago IL). 

Expert witness on estimating economic benefits of visibility improvements, State of Washington 
Pollution Control Hearings Board, expert report filed December 1998 (summary judgment in 
favor of client before testimony occurred). 
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Congressional Hearings  

“Discussion Draft of ‘Energy Consumers Relief Act of 2013’ ” U.S. House of Representatives 
Committee on Energy and Commerce, Subcommittee on Energy and Power, April 12, 2013. 

“The American Energy Initiative – A Focus on EPA’s New Proposal to Tighten National 
Standards for Fine Particulate Matter in the Ambient Air” U.S. House of Representatives 
Committee on Energy and Commerce, Subcommittee on Energy and Power, June 28, 2012. 

“The American Energy Initiative – A Focus on What EPA’s Utility MACT Rule Will Cost U.S. 
Consumers” U.S. House of Representatives Committee on Energy and Commerce and 
Subcommittee on Energy and Power, February 8, 2012. 

“Innovative Practices to Create Jobs and Reduce Pollution” U.S. Senate Committee on 
Environment and Public Works, Subcommittee on Green Jobs and the New Economy, October 
13, 2011. 

“Quality Science for Quality Air” U.S. House of Representatives Committee on Science, Space, 
and Technology, Subcommittee on Energy and the Environment, October 4, 2011. 

“Auctioning under Cap and Trade:  Design, Participation and Distribution of Revenues” U.S. 
Senate Committee on Finance, May 7, 2009. 

“Legislative Hearing Regarding the American Clean Energy and Security Act” U.S. House of 
Representatives Committee on Energy and Commerce and Subcommittee on Energy and 
Environment, April 24, 2009. 

“Economic Impacts of Florida Executive Order 07-127” before Florida Energy Commission 
(November 19, 2007), and at hearings held by House and Senate Committees of the Florida State 
Legislature (both on December 12, 2007). 

“America’s Climate Security Act of 2007, S.2191” Legislative Hearing of the Senate Committee 
on Environment and Public Works, November 8, 2007. 

“Counting the Change:  Accounting for the Fiscal Impacts of Controlling Carbon Emissions” 
House Committee on the Budget, November 1, 2007. 

“Lessons Learned from Existing Cap and Trade Programs” House Committee on Energy and 
Commerce, Subcommittee on Energy and Air Quality, March 29, 2007. 

“Energy Market and Economic Impacts of a Proposal to Reduce Greenhouse Gas Intensity with a 
Cap and Trade System,” U.S. Senate Committee on Energy and Natural Resources, January 24, 
2007. 

“Science and Risk Assessment behind the EPA’s Proposed Revisions to the Particulate Matter 
Air Quality Standards,” U.S. Senate Environment and Public Works Committee, July 19, 2006. 
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“Economic Impacts of Various Proposals to Reduce Domestic Greenhouse Gas Emissions,” U.S. 
Senate Committee on Energy and Natural Resources, September 20, 2005. 

“The Proposed Regional Haze Regulation and its Relationship to the Work of the Grand Canyon 
Visibility Transport Commission,” U.S. Senate Committee on Energy and Natural Resources, 
Subcommittee on Forests and Public Land Management, October 1997. 

“Scientific Foundations for U.S. EPA’s Proposed New National Ambient Air Quality Standard 
for PM2.5,” U.S. Senate Committee on Environment and Public Works, Subcommittee on Clean 
Air, Wetlands, Private Property, and Nuclear Safety, February 1997. 

Professional Activities 

Director on Board of Directors, Society for Benefit-Cost Analysis, 2013-2014. 

Panel of Experts on “Lessons Learned from the European Union’s Emissions Trading Scheme 
and the Kyoto Protocol’s Clean Development Mechanism,” U.S. General Accountability Office, 
2008.  (Report:  GAO-09-151, released November 2008). 

Congressionally Mandated Committee on Management of Certain Radioactive Waste Streams 
Stored in Tanks at Three Department of Energy Sites, National Academy of Sciences, 2005-2006. 

Committee on Risk-Based Approaches for Transuranic and High-Level Radioactive Waste, 
National Academy of Sciences, 2003–2005. 

Committee on the Characterization of Remote-Handled Transuranic Waste for the Waste 
Isolation Pilot Plant, National Academy of Sciences, 2001–2002. 

Programmatic Review of EPA’s PM2.5 Research Program, Subcommittee on Risk Management, 
Board of Scientific Counselors, U.S. Environmental Protection Agency, 1999. 

Technical Expert to Committee on Idaho National Engineering and Environmental Laboratory 
High-Level Waste Alternative Treatments, Board on Radioactive Waste Management, National 
Academy of Sciences, 1998. 

Committee to Evaluate Science, Engineering, and Health Basis of DOE’s Environmental 
Management Program, Subcommittee on Priority Setting, Timing and Staging, National 
Academy of Sciences, 1995–2002. 

Panel on DOE’s Environmental Restoration Priority-setting System, National Academy of 
Sciences, 1992–1993. 

Dialogue on Global Climate Change and National Energy Policy, Keystone Foundation, 
Keystone, CO, 1989–1990. 
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Working Group on Assessment of the Impact of Pollutants on the Marine Environment, Group of 
Experts on Scientific Aspects of Marine Pollution (GESAMP), United Nations, Bangkok, 
Thailand, 1984. 

Working Group on Biological Aspects of Thermal Pollution of the Marine Environment, 
GESAMP, United Nations, Rome, Italy, 1983. 

Ad-hoc Committee on Cost-Benefit Analysis, United Nations Economic Commission for 
Europe, Geneva, Switzerland, 1982. 

Publications and Relevant Major Project Reports 

“Inconsistencies in Risk Analyses for Ambient Air Pollutant Regulations,” manuscript 
submission to Risk Analysis (June 2014). 
 
“Enhancing the Characterization of Epistemic Uncertainties in PM2.5 Risk Analyses” (with W. 
Gans), Risk Analysis, in press (2015).  
 
“An Evaluation of the Robustness of the Visual Air Quality ‘Preference Study’ Method,” 
Journal of the Air and Waste Management Association, Vol. 63(4), April, 2013, pp. 405-417. 
 
An Evaluation of the PM2.5 Health Benefits Estimates in Regulatory Impact Analyses for Recent 
Air Regulations.  Report prepared for Utility Air Regulatory Group, December 2011. 

“Climate Engineering – Alternative Perspective,” Chapter 1.2 in Smart Solutions to Climate 
Change – Comparing Costs and Benefits, Bjorn Lomborg (ed.), Cambridge University Press, 
2010. 

“Evaluation of Health Effects of Ambient Ozone,” (with Roger O. McClellan, Mark W. 
Frampton, and others), Inhalation Toxicology, Vol. 21(S2), September 2009, pp. 1-36. 

“R&D Policy,” (with W. David Montgomery and  Lee Lane), Chapter 1.5 in A Taxing Debate:  
Climate Policy Beyond Copenhagen,  Ian Marsh (ed.), Growth No. 61, CEDA – the Committee 
of Economic Development of Australia, August 2009 

“Macroeconomic Analysis of American Clean Energy and Security Act of 2009,” (with Robert 
Baron, Scott Bloomberg and others), USAEE Dialogue, Vol. 17(2), August 2009, pp. 12-16. 

“A Top-Down Bottom-up Modeling Approach to Climate Change Policy Analysis,” (with 
Sugandha  D. Tuladhar, Mei Yuan, and others),  Energy Economics, Vol. 31(S2), July 2009, pp. 
S223-S234. 

”A Statement on the Appropriate Role for Research and Development in Climate Policy,” (with 
Kenneth J. Arrow, Linda R. Cohen and others), Economists’ Voice, February 2009. 
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“Price, Quantity, and Technology Strategies for Climate Change Policy,” (with W. David 
Montgomery), Chapter 27 in Human Induced Climate Change: An Interdisciplinary Assessment, 
M. Schlesinger et al. (eds.), Cambridge University Press, 2007. 

“Methods and Results from a New Survey of Values for Eastern Regional Haze Improvements,”  
(with Michael  A. Kemp, Timothy H. Savage, and Catherine L. Taylor), Journal of the Air and 
Waste Management Association, Vol. 55, November 2005, pp. 1767-1779.  

“Implications of Trading Implementation Design for Equity-Efficiency Trade-offs in Carbon 
Permit Allocations” (with Martin Ross and David Montgomery), CRA Working Paper, 
December 2002. 

“Not All Problems Have Been Solved in Emissions Trading.”  Natural Gas, John Wiley & Sons, 
Inc., December 2001, pp. 15–20. 

“An Empirical Mechanistic Framework for Heat Related Illness,” (with Nathan Chan, Mark 
Stacey, and others), Climate Research, Vol. 16, January 2001, pp. 133–143. 

“Global Climate Change and the Precautionary Principle,” (with W. David Montgomery) , 
Human and Ecological Risk Assessment, Vol. 6, No. 3, 2000, pp. 399–412. 

“Analysis of the Reduction of Carbon Emissions through Tradable Permits or Technology 
Standards in a CGE Framework,”  (with E. Balistreri, P. Bernstein, and others), AERE/Harvard 
Workshop on Market-Based Instruments for Environmental Protection, Cambridge, MA, July 
18–20, 1999. 

“An Integrated Assessment Framework for Climate Change and Infectious Diseases,” (with N. 
Chan, K. Ebi, and others), Environmental Health Perspectives, Vol. 107, No. 5, May 1999. 

“Preserving Flexibility in the Kyoto Protocol.”  Journal of the Forum for Environmental Law, 
Science, Engineering, and Finance, August 1998. 

“Making Appropriate Comparisons of Estimated and Actual Costs of SO2 Emissions Reductions 
under Title IV,” Paper 98-TP49.01, Air and Waste Management Association Conference, San 
Diego, CA (June 14–18, 1998).  

“The Costs of Reducing Utility SO2 Emissions—Not As Low As You Might Think,” (with 
Jeremy Platt and Denny Ellerman), Massachusetts Institute of Technology, Center for Energy 
and Environmental Policy Research, WP-98010, August 1998; a shorter version of the paper was 
published in Public Utilities Fortnightly, May 15, 1998. 

“Statistical Shell Game,” EEI’s Electric Perspectives, May-June 1997, pp. 38–52. 

“The Real Particulate Matter Culprit:  EPA’s Flawed Assumptions,”  Commentary, Inside EPA’s 
Risk Policy Report, Vol. 3, No. 2, February 21, 1997, pp. 35–38. 
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“The GCVTC Integrated Assessment: Putting All the Science Together.”  Paper 96-TP46.04, Air 
and Waste Management Association Conference, Nashville, TN, June 23–28, 1996. 

“Energy Modeling with Environmental Constraints.”  Nuclear Energy in the 21st Century—An 
Environmental Bonus?  Proceedings of the International Conference of the British Nuclear 
Energy Society, Bath, U.K., April 14–15, 1994. 

“Integrated Environmental/Energy Policy Analysis for the U.K,” (with Stephen M. Haas), 
Global Climate Change:  Science, Policy, and Mitigation Strategies, C.Mathai and G. Stensland, 
eds., Air and Waste Management Association, 1994. 

“A Multi-attribute Approach to Choosing Adaptation Strategies,” (with H. Quan Chu), Global 
Climate Change:  Science, Policy, and Mitigation Strategies, C.V. Mathai and G. Stensland 
(eds.), Air and Waste Management Association, 1994. 

“The Effect of Daytime Running Lights on Crashes between Two Vehicles in Saskatchewan:  A 
Study of a Government Fleet,” (with G. Sparks, R. Neudorf, and others), Accident Analysis and 
Prevention, Vol. 25, No. 5, 1993, pp. 619–625. 

“Issues in Implementing Tradable Allowances for Greenhouse Gas Emissions.”  Paper 91–169.4, 
Proceedings of the Air & Waste Management Association Conference, Vancouver, BC, June 
1991. 

“Environmental Policy Assessment in the 1990s,” (with J. D. Scheraga), Forum for Social 
Economics, Autumn 1990. 

“A Probabilistic Model for Assessing Damages of Acid Deposition to Painted Surfaces.”  Acid 
Rain:  Scientific and Technical Advances, Selper Ltd., London, 1987. 

“TANKS:  A Software Tool for Managing the Risks of Underground Storage Tanks.”  Managing 
Environmental Risks, Air Pollution Control Association, Washington, D.C., 1987. 

“The Costs and Benefits of Sulphur Oxide Control,” (with R. Barnes and G. Parkinson), Journal 
of the Air Pollution Control Association, 1983. 

Development of Decision Analysis Methodology for Health Risk Assessment – An Illustrative 
Application to Alternative Air Quality Standards for Carbon Monoxide, (with P. McNamee and 
M. W. Merkhofer).  SRI International Report prepared for U.S. Environmental Protection 
Agency under Contract 68-02-3575, 1983. 
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