
1Additional information about the Regulatory Model System for Aerosols and Deposition
(REMSAD) and our modeling protocols can be found in our Regulatory Impact Analysis: Heavy-
Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur Control Requirements,
document EPA420-R-00-026, December 2000.  Docket No. A-2000-01, Document No. A-II-13.

Chapter 10: Benefit-Cost  Analysis

10.1  Introduction

This chapter  contains EPA’s analysis of the economic benefits of the  Large
SI/Recreational Vehicle rule.  The analysis presented here attempts to answer three questions

� What are the physical health and welfare effects of changes in ambient air quality
resulting from reductions in nitrogen oxides (NOx), hydrocarbons (HC) (including
air toxics), carbon monoxide (CO), and particulate matter (PM) emissions?

� What is the value placed on these emission reductions by U.S. citizens as a
whole?

� How do these estimated benefits compare to the estimated costs associated with
this rule?  

In the benefits analysis, we calculate a limited set of PM-related health benefits (our base-
case estimate).  In this part of the analysis, we estimate nationwide PM health effects benefits
associated with reduction of Nox and direct PM emissions from Large SI only.  Reductions
related to ATVs, OHMs, snowmobiles and recreational marine diesel are not quantified. This
analysis is based on estimated reductions in NOx and PM emissions and uses a benefits transfer
technique to determine the changes in human health and welfare, both in terms of physical effects
and monetary value

These analyses yield a stream of monetized benefits which we compare to  the costs of
the standards.  It is important to note that there are significant categories of benefits associated
with the control program which cannot be monetized (or in many cases even quantified),
including visibility, ozone health benefits, ecological effects, most species of air toxics’ health
and ecological effects.  We identify these benefits in the discussion below and carry them
through our estimates as nonmonetized health benefits.

10.2  General Methodology

10.2.1  PM Methodology - Benefits Transfer

In performing the analysis for the PM benefits, we relied on the results of a similar
analysis performed for our emission controls for on-highway heavy-duty engines (called the
HD07 rule.1  see 99 FR 5002, January 18, 2001).  This approach was necessary due to time and



This document is also available at http://www.epa.gov/otaq/disel.htm#documents.  Information
can also be found in the docket for the HD07 rulemaking: A-99-06.

2  US EPA.  Regulatory Impact Analysis: Control of Air Pollution from New Motor
Vehicles: Tier 2 Emission Standards.  Report No EPA420-R-99-023.  December 1999.  A copy
of this document can be found in Docket A-99-06, Document IV-A-09.

resource constraints.  To apply that analysis to this control program, we used a benefits transfer
technique, described below.  Benefits transfer is the science and art of adapting primary benefits
research from similar contexts to obtain the most accurate measure of benefits for the
environmental quality change under analysis.  Where appropriate, adjustments are made for the
level of environmental quality change, the sociodemographic and economic characteristics of the
affected population, and other factors in order to improve the accuracy and robustness of benefits
estimates.  Additional information on the technique used can be found in Hubbell 2002
memorandum to the Docket (Docket A-2000-01, Document IV-A-146).

The HD07 analysis followed the same general methodology used in the benefits analysis
for  the passenger vehicle Tier 2/Gasoline Sulfur final rule2 and other EPA air benefits reports,
with routine updates in response to public comment and to reflect advances in modeling and the
literature for economics and health effects. This analysis also reflects the advice of its
independent Science Advisory Board (SAB) in determining the health and welfare effects
considered in the benefits analysis and in establishing the most scientifically valid measurement
and valuation techniques.  

10.2.2  CO and Air Toxics Methodology : WTP

In this component of the analysis, we discuss the benefits of reducing air toxics pollution
from vehicles subject to the rule.  The only segment for which willingness to pay for reductions
in pollution were reported in the literature was for use-values for snowmobiles; however, the
estimates pertained only to use value and were not judged to be reliable.  There were no studies
estimating the changes in consumer surplus to other non-snowmobilers such as cross-country
skiers, nature enthusiasts, and residents near where snowmobiles are operated.  We are not able
to estimate the value of changes in air toxics or CO from other engines subject to this rule.

10.2.3  Benefits Quantification

We use the term benefits to refer to any and all positive effects of emissions changes on
social welfare that we expect to result from the final rule.  We use the term environmental costs
(also commonly referred to as “disbenefits”) to refer to any and all negative effects of emissions
changes on social welfare that result from the final rule.  We include both benefits and
environmental costs in this analysis.  Where it is possible to quantify benefits and environmental
costs, our measures are those associated with economic surplus in accepted applications of
welfare economics.  They measure the value of changes in air quality by estimating (primarily
through benefits transfer) the willingness of the affected population to pay for changes in
environmental quality and associated health and welfare effects.



3  The HC listed in Table 10.2-1 are also listed as hazardous air pollutants in the Clean
Air Act.  We are not able to quantify their direct effects.  To the extent that they are precursors to
ozone or PM, they are included in our quantitative results.

  Not all the benefits of the rule can be estimated with sufficient reliability to be
quantified and included in monetary terms.  The omission of these items from the total of
monetary benefits reflects our inability to measure them.  It does not indicate their lack of
importance in the consideration of the benefits of this rulemaking.

This analysis presents estimates of the potential benefits from the Large SI/Recreational
Vehicle rule expected to occur in 2030 as well as a stream of benefits and net present value from
2002 to 2030.  The predicted emissions reductions that will result from the rule have yet to occur,
and therefore the actual changes in human health and welfare outcomes to which economic
values are ascribed are predictions.  These predictions are based on the best available scientific
evidence and judgment, but there is unavoidable uncertainty associated with each step in the
complex process between regulation and specific health and welfare outcomes.

Changes in ambient concentrations will lead to new levels of environmental quality in the
U.S., reflected both in human health and in non-health welfare effects.  Thus, the predicted
changes in ambient air quality serve as inputs into functions that predict changes in health and
welfare outcomes.  We use the term “endpoints” to refer to specific effects that can be associated
with changes in air quality.  Table 10.2-1 lists the human health and welfare effects identified for
changes in air quality as they related to ozone, PM, CO, and HC.3  This list includes both those
effects quantified (and/or monetized) in this analysis and those for which we are unable to
provide quantified estimates.  

For changes in risks to human health from changes in PM, quantified endpoints include
changes in mortality and in a number of pollution-related non-fatal health effects.  Only the
benefits related to changes in NOx-related PM and directly emitted PM were estimated  for Large
SI.  HC-related PM and any PM-related benefits for recreational marine, ATVs, OHMs, and
snowmobiles were not estimated  because of uncertainties with the benefits transfer to those
categories and due to lack of information about HC-related PM from the original data set. 

The benefits related to changes in CO and HC are not directly quantified for our primary
analysis due to a lack of direct estimates of willingness to pay or appropriate exposure and air
quality models for these pollutants.  

Table 10.2-1
Human Health and Welfare Effects of Pollutants 

Affected by the Large SI/Recreational Vehicle Rule



Pollutant/Effect Primary Quantified and Monetized
EffectsA

 Unquantified Effects

Ozone/Health Not quantified in this analysis Minor restricted activity days
Hospital admissions - respiratory and cardiovascular 
Emergency room visits for asthma
Non-asthma respiratory emergency room visits
Asthma symptoms
Chronic asthmaC

Premature mortalityD

Increased airway responsiveness to stimuli
Inflammation in the lung
Chronic respiratory damage
Premature aging of the lungs
Acute inflammation and respiratory cell damage
Increased susceptibility to respiratory infection

Ozone/Welfare Not quantified in this analysis Decreased worker productivity
Decreased yields for commercial crops
Decreased commercial forest productivity
Decreased yields for fruits and vegetables
Decreased yields for other commercial and 
        non-commercial crops
Damage to urban ornamental plants
Impacts on recreational demand from damaged 

forest aesthetics
Damage to ecosystem functions

PM/Health Premature mortality
Bronchitis - chronic and acute
Hospital admissions - respiratory and 

cardiovascularB

Emergency room visits for asthma
Asthma attacks
Lower and upper respiratory illness
Minor restricted activity days
Work loss days

Infant mortality
Low birth weight
Changes in pulmonary function
Chronic respiratory diseases other than chronic 

bronchitis
Morphological changes
Altered host defense mechanisms
Cancer
Non-asthma respiratory emergency room visits

PM/Welfare Not quantified in this analysis Visibility in areas where people live, work and
recreate
Visibility in Class I national parks and forest areas
Household soiling
Materials damage



Pollutant/Effect Primary Quantified and Monetized
EffectsA

 Unquantified Effects

Nitrogen and
Sulfate
Deposition/
Welfare

Not quantified in this analysis Impacts of acidic sulfate and nitrate deposition on      
    commercial forests
Impacts of acidic deposition on commercial               
     freshwater fishing
Impacts of acidic deposition on recreation in        
terrestrial ecosystems
Impacts of nitrogen deposition on commercial       
fishing, agriculture, and forests
Impacts of nitrogen deposition on recreation in           
       estuarine ecosystems
Costs of nitrogen controls to reduce eutrophication in 
     estuaries
Reduced existence values for currently healthy           
       ecosystems

NOx/Health Not quantified in this analysis Lung irritation
Lowered resistance to respiratory infection
Hospital Admissions for respiratory and cardiac 

diseases

CO/Health Not quantified in this analysis

As a supplemental calculation, some
behavior effects (choice-reaction
time) are quantified for one category
for which an exposure model was
available

Premature mortalityB

Behavioral effects
Hospital admissions - respiratory, cardiovascular, 

and other
Other cardiovascular effects
Developmental effects
Decreased time to onset of angina
Non-asthma respiratory ER visits

HCs E

Health
Not quantified in this analysis

As a supplemental calculation, some
behavior effects (choice-reaction time
and toluene) are quantified for one
category for which an exposure model
was available

Cancer (diesel PM, benzene, 1,3-butadiene, 
formaldehyde, acetaldehyde)
Anemia (benzene)
Disruption of production of blood components 

(benzene)
Reduction in the number of blood platelets 

(benzene)
Excessive bone marrow formation (benzene)
Depression of lymphocyte counts (benzene)
Reproductive and developmental effects 

(1,3-butadiene)
Irritation of eyes and mucous membranes 

(formaldehyde)
Respiratory and respiratory tract
Asthma attacks in asthmatics (formaldehyde)
Asthma-like symptoms in non-asthmatics               
        (formaldehyde)
Irritation of the eyes, skin, and respiratory tract 

(acetaldehyde)
Upper respiratory tract irritation & congestion         
(acrolein)



Pollutant/Effect Primary Quantified and Monetized
EffectsA

 Unquantified Effects

HCs E Welfare Not quantified in this analysis Direct toxic effects to animals
Bioaccumulation in the food chain

A  Primary quantified and monetized effects are those included when determining the base-case estimate of total monetized
benefits of the Large SI/Recreational Vehicle rule. 
B Our examination of the original studies used in this analysis finds that the health endpoints that are potentially
affected by the GAM issues include: reduced hospital admissions and reduced lower respiratory symptoms.  While
resolution of these issues is likely to take some time, the preliminary results from ongoing reanalyses of some of the
studies suggest a more modest effect of the S-plus error than reported for the NMMAPS PM10 mortality study. 
While we wait for further clarification from the scientific community, we have chosen not to remove these results
from the benefits estimates, nor have we elected to apply any interim adjustment factor based on the preliminary
reanalyses.   EPA will continue to monitor the progress of this concern, and make appropriate adjustments as further
information is made available.
C  While no causal mechanism has been identified linking new incidences of chronic asthma to ozone exposure, an
epidemiological study shows a statistical association between long-term exposure to ozone and incidences of chronic asthma in
some non-smoking men (McDonnell, et al., 1999).
D   Premature mortality associated with ozone is not separately included in this analysis.  It is assumed that the American Cancer
Society (ACS)/ Krewski, et al., 2000 C-R function we use for premature mortality captures both PM mortality benefits and any
mortality benefits associated with other air pollutants (ACS/ Krewski, et al., 2000).
E Many of the hydrocarbons (HCs) listed in the table are also hazardous air pollutants listed in the Clean Air Act.

This remainder of this chapter proceeds as follows: in Sections 10.3, we describe the
categories of benefits that are estimated, present the techniques and inputs that are used, and
provide a discussion of how we incorporate uncertainty into our analysis. In Section 10.4, we
briefly discuss the CO and air toxics benefits in a qualitative manner.  In Section 10.5, we report
our estimates of total monetized benefits. 

10.3  PM-Related Health Benefits Estimation

10.3.1  Emissions Inventory Implications 

The national inventories for NOx, HC, CO and PM have already been presented and
discussed in Chapters 1 and 6 and in the supporting documents referenced in those chapters. 
Interested readers desiring more information about the inventory methodologies or results should
consult that chapter for details.  This section explains the specific inventories that were used in
our quantitative estimates of benefits and the implications of those inventories related to
interpreting results.

As noted in the previous section, this analysis focuses on the PM-related health benefits
from emission reductions from Large SI engines only.  To quantify these PM-related health
benefits, we used NOx and direct PM emission changes (both reductions and increases, where
applicable) for the categories Large SI.  Our underlying air quality modeling which forms the
basis for the transfer technique considers NOx as a precursor for both PM and ozone; thus,
oxidant chemistry in the model would not lead to over-estimation of secondary PM formation. 
We did not include HC-related PM because we do not currently have an appropriate transfer
technique.  



 We did not quantify the NOx, direct PM, or HC-related PM benefits for ATVs, OHMs,
recreational marine diesels or snowmobiles because in our judgement there are substantial
uncertainties in making the transfer from the on-highway vehicle modeling to these categories. 
This is because their operating characteristics and the locations in which these nonroad engines
are used can be very different from on-highway vehicles.  We had more reason to believe that the
distribution of vehicles with respect to human populations was more similar for Large SI. 
However, in the analyses of alternatives, we present a sensitivity calculation for ATVs, noting the
large uncertainties inherent in that application of this technique.

 As described in the previous chapters of this Regulatory Support Document, the emission
controls for Large SI engines and recreational vehicles begin at various times and in some cases 
phase in over time.  This means that during the early years of the program there would not be a
consistent match between cost and benefits.  This is especially true for the vehicle control
portions and initial fuel changes required by the program, where the full vehicle cost would be
incurred at the time of vehicle purchase, while the fuel cost along with the emission reductions
and benefits resulting from all these costs would occur throughout the lifetime of the vehicle. 
Because of this inconsistency and our desire to more appropriately match the costs and emission
reductions of our program, our analysis uses a future year when the fleet is nearly fully turned
over (2030).  Consequently, we developed emission inventories through 2030 for both baseline
conditions and a control scenario.  We present both the benefits as a snapshot in 2030 and as a
stream of benefits in the years leading up to 2030.  However, our discussion of this analysis
focuses on 2030 because the benefits transfer technique applied to these inventories relies on air
quality modeling conducted for the year 2030.

10.3.2  Benefits Transfer Methodology

This section summarizes the benefits transfer methodology used in this analysis.  This
method provides a relatively simple analysis of the health costs of NOx, and direct PM emissions 
from Large SI engines.  It is important to distinguish these estimates from an  analysis that
employs full-scale air quality modeling and benefits modeling. The transfer technique used here
produces reasonable approximations.  Nevertheless, the method also adds uncertainty to the
analysis and the results  may  under or overstate actual benefits of the control program.  

 Our approach is to develop estimates of health costs expressed in per ton terms.  From 
the Regulatory Model System for Aerosols and Deposition (REMSAD) air quality modeling used
for the HD07 rule benefits analysis, we estimated environmental and health costs per ton of NOx
and PM.  Aggregate environmental and health cost  estimates at the national level are scaled to
account for human population changes between years of analysis.  Complete details of the
emissions, air quality, and benefits modeling conducted for the HD07 rule can be found at
http://www.epa.gov/otaq/diesel.htm and http://www.epa.gov/ttn/ecas/regdata/tsdhddv8.pdf. 
Further details of the transfer technique calculations and inputs can be found in the supporting
memorandum to the docket (Hubbell 2002a).  An alternative approach is presented to provide
some insight into the potential of importance of key elements underlying estimates of benefits
(Hubbell 2002b).



4Additional information about the Regulatory Model System for Aerosols and Deposition
(REMSAD) and our modeling protocols can be found in our Regulatory Impact Analysis: Heavy-
Duty Engine and Vehicle Standards and Highway Diesel Fuel Sulfur Control Requirements,
document EPA420-R-00-026, December 2000.  Docket No. A-2000-01, Document No. A-II-13.
This document is also available at http://www.epa.gov/otaq/disel.htm#documents.  Information
can also be found in the docket for the HD07 rulemaking: A-99-06.

We examined the impacts of NOx, and direct PM emissions.   NOx emissions are
associated with  both ambient ozone and particulate matter (PM) levels.  Due to data limitations,
we are providing estimates only for PM related health impacts.  The underlying REMSAD
modeling partitions the NOx into formation of both ozone and PM in 2030, oxidant chemistry in
the model would not lead to over-estimation of secondary PM formation.4  Note that we do not
attempt to quantify ozone-related benefits.  Because the vast majority of the benefits we are able
to measure and place a monetary value on are PM related, these estimates will capture most of
the benefits we are able to monetize associated with the NOx, and direct PM emission control. 
However, one important limitation is that benefits from ozone reductions, air toxics reductions,
visibility improvement, and other unquantifiable health and welfare endpoints are not captured in
these estimates.  The results of this original analysis are summarized in Table 10.3-1.

The cost-per-ton estimate presented in Table 10.3-1 is for estimating tons reduced in 2001
based on a U.S. population of 277 million people.  To apply this figure to future years, it is
necessary to adjust for increases in population (e.g., in 2030, the U.S. population is estimated to
be 345 million) and for growth in real income (see Hubbell 2002a and Equation 1 below).



Table 10.3-1
Summary of Health Effects and Economic Cost Estimates for Transfer

Health Effecta

Incidence/ton in 2001 based
on U.S. population of 277

million

Estimated $/ton economic costs
in 2001 based on U.S.

population of 277 million
(1999$)

NOx PM NOx PM

All-cause Premature Mortality from Long-
term Exposure

0.0016 0.0221 $9,726 $136,164

Chronic Bronchitis 0.0010 0.0143 $350 $5,012

Hospital Admissions - COPD 0.0002 0.0024 $2 $30

Hospital Admissions - Pneumonia 0.0002 0.0030 $3 $44

Hospital Admissions - Asthma 0.0002 0.0023 $1 $15

Hospital Admissions - Total Cardiovascular 0.0005 0.0072 $10 $132

Asthma-Related ER Visits 0.0004 0.0053 $0 $2

Asthma Attacks 0.0324 0.4566 $1 $19

Acute Bronchitis 0.0034 0.0479 <$1 $3

Upper Respiratory Symptoms 0.0368 0.5188 $1 $13

Lower Respiratory Symptoms 0.0373 0.5270 $1 $8

Work Loss Days 0.2849 4.0180 $30 $402

Minor Restricted Activity Days (minus
asthma attacks)

1.3875 20.9184 $68 $1,023

Totals $10,193 $142,867

Note that the wide discrepancy between the per ton values of NOx and direct PM is due to differences in their relative
contributions to ambient concentrations of PM2.5.  The underlying REMSAD modeling partitions NOx between ozone and
secondary PM formation.The HD07 analysis examined the impacts in 2030 of reducing SO2 emissions by 141,000 tons and NOx

emissions by 2,570,000 tons, as well as a 109,000 ton reduction in direct PM emissions.
a Our examination of the original studies used in this analysis finds that the health endpoints that are potentially
affected by the GAM issues include: reduced hospital admissions and reduced lower respiratory symptoms.  While
resolution of these issues is likely to take some time, the preliminary results from ongoing reanalyses of some of the
studies suggest a more modest effect of the S-plus error than reported for the NMMAPS PM10 mortality study. 
While we wait for further clarification from the scientific community, we have chosen not to remove these results
from the benefits estimates, nor have we elected to apply any interim adjustment factor based on the preliminary
reanalyses.   EPA will continue to monitor the progress of this concern, and make appropriate adjustments as further
information is made available.

10.3.3  Overview of Heavy Duty Engine/Diesel Fuel Benefits Analysis and Development of
Benefits Transfer Technique

This section provides an overview of the original Heavy Duty Engine/Diesel Fuel 2007
rule (HD07) benefits analysis as it relates to the development of a benefits transfer technique. 



The HD07 analysis examined the impacts in 2030 of reducing SO2 emissions by 141,000 tons
and NOx emissions by 2,570,000 tons, as well as a 109,000 ton reduction in direct PM emissions. 
Table 10.3-2 summarizes the NOx and direct PM results in aggregate and on a per ton basis. 

Table 10.3-2
Summary of Results from 2030 HD Engine/Diesel Fuel Health Benefits Analysis

Health Outcome

NOx PM

Avoided Incidences Avoided Incidences

Total Per Ton Total Per Ton

Premature Mortality

All-cause premature mortality from
long-term exposure

5,027 0.00196 3,007 0.02759

Chronic Illness

Chronic Bronchitis 
(pooled estimate)

3,243 0.00126 1,941 0.01781

Hospital Admissions

COPD 554 0.00022 331 0.00304

Pneumonia 676 0.00026 404 0.00371

Asthma 523 0.00002 313 0.00289

Total Cardiovascular 1,635 0.00064 978 0.00897

Asthma-Related ER Visits 1,209 0.00047 723 0.00663

Other Effects

Asthma Attacks 103,905 0.04043 62,135 0.57005

Acute Bronchitis 10,874 0.00423 6,515 0.05977

Upper Respiratory Symptoms 118,063 0.04594 70,601 0.64771

Lower Respiratory Symptoms 119,760 0.04660 71,711 0.65790

Work Loss Days 914,055 0.35566 546,744 5.01600

Minor Restricted Activity Days (minus
asthma attacks)

4,763,239 1.85300 2,846,434 26.11407

In the original HD07 analyses, we used the air quality model, REMSAD, which is a three-
dimensional grid-based Eulerian air quality model designed to estimate annual particulate
concentrations and deposition over large spatial scales (e.g., over the contiguous U.S.) as
summarized in Chapter 1 above.  The HD07 RIA benefits analysis applies the modeling system
to the entire U.S. for two future-year scenarios: a 2030 base case and a 2030 HD Engine/Diesel
Fuel control scenario.  The PM species modeled by REMSAD include a primary fine fraction
(corresponding to particulates less than 2.5 microns in diameter) and several secondary particles
(e.g., sulfates, nitrates, and organics).  PM2.5 is calculated as the sum of the primary fine fraction
and all of the secondary particles.  

For the purposes of this analysis, we separated the predicted 2030 change in the primary



Benefits I T RatioPop ValueYearI P E YearI p YearI YearI E= ∑ × × ×, , ,

and secondarily-formed components of PM2.5 (i.e., sulfates and nitrates) to provide attributable
health effects for SO2 and NOx.  We did this by separating these chemically speciated fractions of
PM (e.g., particulate elemental carbon, and total organic aerosols, sulfate, and particulate nitrate
(PNO3)).  It is reasonable to separate these predicted concentrations because of the limited
interactions of secondary sulfate and nitrates within the modeling system and the limited
contribution of secondary organic aerosols (SOA) to TOA (i.e., since there little or no change in
HCs in the original HD07 scenario).  Because the original HD07 modeling did not examine the
type of HC reductions that are present in this rulemaking, we are not able to create a transfer
technique for the HC that would contribute to PM formation.  Thus, we limit our consideration of
secondary formation of PM to the NOx emissions in this analysis.

To develop the NOx transfer values, we estimated  the incidences of the health endpoints
we are able to quantify using the population weighted change in nitrate of  -0.388 micrograms per
cubic meter into each of the concentration-response functions used in the HD07 benefits analysis. 
This yields estimates of the health effects associated with the NOx emission reductions.  Based on
2030 populations, this change leads to the estimated reductions in health effects listed in the
second column of Table 10.3-2.  Note that for concentration response (C-R) functions that use
daily average PM2.5 or PM10 levels, use of the annual mean as a proxy for daily averages will over
or underestimate the annual incidence by a small amount (less than five percent).  We then
divided the attributable incidences by NOx tons reduced in the HD07 analysis, resulting in
incidences per ton of NOx reduced in 2030 as listed in the third  column of Table 10.3-2.  We
then scaled the incidences per ton by the ratio of population in the year of analysis to population
in 2030 to obtain incidences per ton for each year (Hubbell 2002).

We conducted a similar operation to develop coefficients for direct PM.  In this instance,
we started with the population-weighted change in primary PM of  -0.232 micrograms per cubic
meter in the HD07 analysis.

[1]

Where 
BenefitsYearI = Monetized Benefits in Year I, pollutant P
IP,E = Avoided Incidence per ton pollutant P for endpoint E
T year I, p = Tons pollutant P in Year I
RatioPopYearI = Population ratio between year of analysis and 2030
ValueYearI, E = Monetary value per avoided incidence of endpoint E in Year I

10.3.4.  Quantifying and Valuing Individual Health Endpoints

This section summarizes the studies used to calculate the health incidences and valuation
of those incidences both in the original HD07 benefits analysis and relied on here.  Quantifiable
health benefits of the final Large SI/Recreational Vehicle rule may be related to PM only, or both
PM and ozone.  We are not estimating any ozone-related benefits, so this analysis is  only a



5  Some evidence has been found linking both PM and ozone exposures with premature
mortality. The SAB has raised concerns that mortality-related benefits of air pollution reductions
may be overstated if separate pollutant-specific estimates, some of which may have been
obtained from models excluding the other pollutants, are aggregated.  In addition, there may be
important interactions between pollutants and their effect on mortality (EPA-SAB-Council-
ADV-99-012, 1999; a copy of this document is available in Docket A-99-06, Document IV-A-
20).  Because of concern about overstating of benefits and because the evidence associating
mortality with exposure to PM is currently stronger than for ozone, only the benefits related to
the long-term exposure study (ACS/Krewkski, et al, 2000) of mortality are included in the total
primary benefits estimate.  A copy of Krewski, et al., can be found in Docket A-99-06, Document
No. IV-G-75.  

partial quantification of the benefits associated with the emission controls for these categories. 
PM-only health effects include premature mortality, chronic bronchitis, acute bronchitis, upper
and lower respiratory symptoms, and work loss days.5  Health effects related to both PM and
ozone include hospital admissions, asthma attacks, and minor restricted activity days.

For this analysis, we rely on concentration response (C-R) functions estimated in
published epidemiological studies relating serious health effects to ambient air quality.  The
specific studies from which C-R functions are drawn are included in Table 10.3-3.  A complete
discussion of the C-R functions used for this analysis and information about each endpoint are
contained in the HD07 RIA and supporting documents.  It is important to note that although there
may be biologically relevant differences between direct PM from diesels and from gasoline
engines, the primary health studies on which the HD07 benefits assessment is based relied on
ambient measurements of PM, not diesel-specific exposure information.  Thus, we avoid an
uncertainty of transferring a diesel-PM health estimate to gasoline-PM situation.

While a broad range of serious health effects have been associated with exposure to
elevated PM levels (as noted for example in Table 10.2-1 and described more fully in the ozone
and PM Criteria Documents (US  EPA, 1996a, 1996b), we include only a subset of health effects
in this quantified benefit analysis.  Health effects are excluded from this analysis for four
reasons:

(i) lack of an adequate benefits transfer technique;
(ii) the possibility of double counting (such as hospital admissions for specific

respiratory diseases);
(iii) uncertainties in applying effect relationships based on clinical studies to the

affected population; and
(iv) a lack of an established C-R relationship.



6Most of the studies used a statistical package known as “S-plus.” For further details, see
http://www.healtheffects.org/Pubs/NMMAPSletter.pdf.

Table 10.3-3
Endpoints and Studies Included in the Primary Analysis

Endpoint Study Study Population

Premature Mortality

Long-term exposure Krewski, et al. (2000)A Adults, 30 and older

Chronic Illness

Chronic Bronchitis (pooled estimate) Abbey, et al. (1995)

Schwartz, et al. (1993)

> 26 years

> 29 years

Hospital Admissions

COPD Samet, et al. (2000) > 64 years

Pneumonia Samet, et al. (2000) > 64 years

Asthma Sheppard, et al. (1999) < 65 years

Total Cardiovascular Samet, et al. (2000) > 64 years

Asthma-Related ER Visits Schwartz, et al. (1993) All ages

Other Illness

Asthma Attacks Whittemore and Korn (1980) Asthmatics, all ages

Acute Bronchitis Dockery et al. (1996) Children, 8-12 years

Upper Respiratory Symptoms Pope et al. (1991) Asthmatic children,  9-11

Lower Respiratory Symptoms Schwartz et al. (1994) Children, 7-14 years

Work Loss Days Ostro (1987) Adults, 18-65 years

Minor Restricted Activity Days (minus asthma
attacks)

Ostro and Rothschild (1989) Adults, 18-65 years

A Estimate derived from Table 31, PM2.5(DC), All Causes Model (Relative Risk =1.12 for a 24.5 �g/m3 increase in mean PM2.5).

Recently, the Health Effects Institute (HEI) reported findings by investigators at Johns
Hopkins University and others that have raised concerns about aspects of the statistical
methodology used in a number of recent time-series studies of short-term exposures to air
pollution and health effects (Greenbaum, 2002).  Some of the concentration-response functions
used in this benefits analysis were derived from such short-term studies.  The estimates derived
from the long-term mortality studies, which account for a major share of the benefits in the Base
Estimate, are not affected.  As discussed in HEI materials provided to sponsors and to the Clean
Air Scientific Advisory Committee (Greenbaum, 2002) these investigators found problems in the
default “convergence criteria” used in Generalized Additive Models (GAM) and a separate issue
first identified by Canadian investigators about the potential to underestimate standard errors in
the same statistical package.6  These and other investigators have begun to reanalyze the results
of several important time series studies with alternative approaches that address these issues and
have found a downward revision of some results. For example, the mortality risk estimates for



7HEI sponsored the multi-city the National Morbidity, Mortality, and Air Pollution Study
(NMMAPS).  See http://biosun01.biostat.jhsph.edu/~fdominic/NMMAPS/nmmaps-revised.pdf
for revised mortality results.  A copy of this document can be found in Docket A-2000-01,
Document IV-A-201.

short-term exposure to PM10 from The National Morbidity, Mortality and Air Pollution Study
(NMMAPS) were overestimated (this study was not used in this benefits analysis of fine particle
effects).7  However, both the relative magnitude and the direction of bias introduced by the
convergence issue is case-specific.  In most cases, the concentration-response relationship may
be overestimated; in other cases, it may be underestimated.   The preliminary reanalyses of the
mortality and morbidity components of NMMAPS suggest that analyses reporting the lowest
relative risks appear to be affected more greatly by this error than studies reporting higher
relative risks (Dominici et al., 2002; Schwartz and Zanobetti, 2002). 

Our examination of the original studies used in this analysis finds that the health
endpoints that are potentially affected by the GAM issues include: reduced hospital admissions
and reduced lower respiratory symptoms in the both the Base and Alternative Estimates; and
reduced premature mortality due to short-term PM exposures in the Alternative Estimate.   
While resolution of these issues is likely to take some time, the preliminary results from ongoing
reanalyses of some of the studies used in our analyses (Dominici et al, 2002; Schwartz and
Zanobetti, 2002; Schwartz, personal communication 2002) suggest a more modest effect of the
S-plus error than reported for the NMMAPS PM10 mortality study.    While we wait for further
clarification from the scientific community, we have chosen not to remove these results from the
estimated benefits, nor have we elected to apply any interim adjustment factor based on the
preliminary reanalyses.   EPA will continue to monitor the progress of this concern, and make
appropriate adjustments as further information is made available.

In Table 10.3-4, we present how we have valued the estimated changes in health effects
and the value functions selected from the peer reviewed literature to provide monetized
estimates.  One of the most important effects is premature mortality.  While the base value for a
mortality incidence is $6.1 million (1999$), this number is always adjusted downward to reflect
the impact of discounting over the assumed 5 year lag period between reductions in PM
concentrations and full realization of reduced mortality.  The lag-adjusted base VSL is $5.8
million (1999$) when a 3% discount rate is assumed.  Thus the attached table reflects income
adjustments applied to these lag adjusted base values.



Table 10.3-4
Unit Values Used for Economic Valuation of Health Endpoints

Health or Welfare Endpoint Estimated Value
per Incidence

(1999$)
Central Estimate

Derivation of Estimates

Respiratory Ailments Not Requiring Hospitalization

Premature Mortality $6 million per
statistical life

Value is the mean of value-of-statistical-life estimates from 26
studies (5 contingent valuation and 21 labor market studies)
reviewed for the Section 812 Costs and Benefits of the Clean
Air Act, 1990-2010 (US EPA, 1999).

Chronic Bronchitis (CB) $331,000
Value is the mean of a generated distribution of WTP to avoid
a case of pollution-related CB.  WTP to avoid a case of
pollution-related CB is derived by adjusting WTP (as
described in Viscusi et al., 1991) to avoid a severe case of CB
for the difference in severity and taking into account the
elasticity of WTP with respect to severity of CB.  

Hospital Admissions

Chronic Obstructive
Pulmonary Disease (COPD)
(ICD codes 490-492, 494-496)

$12,378
The COI estimates are based on ICD-9 code level information
(e.g., average hospital care costs, average length of hospital
stay, and weighted share of total COPD category illnesses)
reported in Elixhauser (1993). 

Pneumonia
(ICD codes 480-487)

$14,693
The COI estimates are based on ICD-9 code level information
(e.g., average hospital care costs, average length of hospital
stay, and weighted share of total pneumonia category illnesses)
reported in Elixhauser (1993). 

Asthma admissions $6,634
The COI estimates are based on ICD-9 code level information (e.g.,
average hospital care costs, average length of hospital stay, and
weighted share of total asthma category illnesses) reported in
Elixhauser (1993). 

All Cardiovascular
(ICD codes 390-429) $18,387

The COI estimates are based on ICD-9 code level information
(e.g., average hospital care costs, average length of hospital
stay, and weighted share of total cardiovascular illnesses)
reported in Elixhauser (1993). 

Emergency room visits for
asthma

$299 COI estimate based on data reported by Smith, et al. (1997).  

Respiratory Ailments Not Requiring Hospitalization

Upper Respiratory Symptoms  
 (URS)

$24 Combinations of the 3 symptoms for which WTP estimates are
available that closely match those listed by Pope, et al. result in
7 different “symptom clusters,” each describing a “type” of
URS.  A dollar value was derived for each type of URS, using
mid-range estimates of WTP (IEc, 1994) to avoid each
symptom in the cluster and assuming additivity of WTPs.  The
dollar value for URS is the average of the dollar values for the
7 different types of URS.

Lower Respiratory Symptoms 
(LRS)

$15 Combinations of the 4 symptoms for which WTP estimates are
available that closely match those listed by Schwartz,  et al.



8Income elasticity is a common economic measure equal to the percentage change in
WTP for a one percent change in income.

Acute Bronchitis $57 Average of low and high values recommended for use in
Section 812 analysis (Neumann, et al. 1994)

Restricted Activity and Work Loss Days

Work Loss Days (WLDs) Variable Regionally adjusted median weekly wage for 1990 divided by
5 (adjusted to 1999$) (US Bureau of the Census, 1992).

Minor Restricted Activity
Days (MRADs)

$48 Median WTP estimate to avoid one  MRAD from Tolley, et al.
(1986) .

10.3.5.  Estimating  Monetized Benefits Anticipated in Each Year

We applied these estimates of the value per incidence to calculate a stream of benefits in
future years.  We scaled the benefits to the appropriate future year national populations to reflect
growth in population.  Our projections reflect the U.S. Bureau of the Census predictions. 

Our analysis accounts for expected growth in real income over time.  Economic theory
argues that willingness to pay (WTP) for most goods (such as environmental protection) will
increase if real incomes increase.  There is substantial empirical evidence that the income
elasticity8 of WTP for health risk reductions is positive, although there is uncertainty about its
exact value.  Thus, as real income increases the WTP for environmental improvements also
increases.  While many analyses assume that the income elasticity of WTP is unit elastic (i.e., ten
percent higher real income level implies a ten percent higher WTP to reduce risk changes),
empirical evidence suggests that income elasticity is substantially less than one and thus
relatively inelastic.  As real income rises, the WTP value also rises but at a slower rate than real
income.

The effects of real income changes on WTP estimates can influence benefit estimates in
two different ways: (1) through real income growth between the year a WTP study was
conducted and the year for which benefits are estimated, and (2) through differences in income
between study populations and the affected populations at a particular time.  Empirical evidence
of the effect of real income on WTP gathered to date is based on studies examining the former. 
The Environmental Economics Advisory Committee (EEAC) of the SAB advised EPA to adjust
WTP for increases in real income over time, but not to adjust WTP to account for cross-sectional
income differences “because of the sensitivity of making such distinctions, and because of
insufficient evidence available at present” (EPA-SAB-EEAC-00-013). 

Based on a review of the available income elasticity literature, we adjust the valuation of
human health benefits upward to account for projected growth in real U.S. income.  Faced with a
dearth of estimates of income elasticities derived from time-series studies, we applied estimates
derived from cross-sectional studies in our analysis.  Details of the procedure can be found in
Kleckner and Neumann (1999).  An abbreviated description of the procedure we used to account



9  It should be recognized that in addition to uncertainty, the annual benefit estimates for
the final Large SI/Recreational Vehicle rule presented in this analysis are also inherently variable,
due to the truly random processes that govern pollutant emissions and ambient air quality in a
given year.  Factors such as weather display constant variability regardless of our ability to
accurately measure them.  As such, the estimates of annual benefits should be viewed as
representative of the types of benefits that will be realized, rather than the actual benefits that
would occur every year.

for WTP for real income growth between 1990 and 2030 is presented in the HD07 TSD.  

Incidences in future years will have different values based on adjustments to WTP for
growth in income over time.  (The schedule of adjustment factors and adjusted WTP values to be
applied for each year is listed in attachment 2 of the Hubbell 2002, Docket A-2000-01,
Document number IV-A-146.)  Adjustment factors should not be applied to the values for
avoided hospital admissions, as these are cost-of-illness estimates and not WTP estimates. 
Likewise, adjustment factors should not be applied to the value of work loss days, as this is a
wage-based estimate, not WTP.

10.3.6.  Methods for Describing Uncertainty

In any complex analysis using estimated parameters and inputs from numerous models,
there are likely to be many sources of uncertainty.9  This analysis is no exception.  As outlined
both in this and preceding chapters, there are many inputs used to derive the final estimate of
benefits, including emission inventories, air quality models (with their associated parameters and
inputs), epidemiological estimates of C-R functions, estimates of values (both from WTP and
cost-of-illness studies), population estimates, income estimates, and estimates of the future state
of the world (i.e., regulations, technology, and human behavior).  Each of these inputs may be
uncertain, and depending on their location in the benefits analysis, may have a disproportionately
large impact on final estimates of total benefits.  For example, emissions estimates are a
foundation of the analysis.  As such, any uncertainty in emissions estimates will be propagated
through the entire analysis.  When compounded with uncertainty in later stages, small
uncertainties in emission levels can lead to much larger impacts on total benefits.  A more
thorough discussion of uncertainty can be found in the HD07 benefits TSD (Abt Associates,
2000).

Some key sources of uncertainty in each stage of the benefits analysis are:

• Gaps in scientific data and inquiry;
• Uncertainties in the benefit transfer process from the HD07 case to the vehicles

covered in this rulemaking;
• Variability in estimated relationships, such as C-R functions, introduced through

differences in study design and statistical modeling;
• Errors in measurement and projection for variables such as population growth

rates;
• Errors due to misspecification of model structures, including the use of surrogate



variables, such as using PM10 when PM2.5 is not available, excluded variables, and
simplification of complex functions; and

• Biases due to omissions or other research limitations.

Some of the key uncertainties in the benefits analysis are presented in Table 10.3-5. 
There are a wide variety of sources for uncertainty and the potentially large degree of uncertainty
in our estimate.  In the original HD07 benefits assessment, sensitivity analyses were performed
including qualitative discussions, probabilistic assessments, alternative calculations, and
bounding exercises.  For some parameters or inputs it may be possible to provide a statistical
representation of the underlying uncertainty distribution.  For other parameters or inputs, the
information necessary to estimate an uncertainty distribution is not available.  Even for
individual endpoints, there is usually more than one source of uncertainty.  This makes it difficult
to provide a quantified uncertainty estimate.  For example, the C-R function used to estimate
avoided premature mortality has an associated standard error which represents the sampling error
around the pollution coefficient in the estimated C-R function.  It would be possible to report a
confidence interval around the estimated incidences of avoided premature mortality based on this
standard error.  However, this would omit the contribution of air quality changes, baseline
population incidences, projected populations exposed, and transferability of the C-R function to
diverse locations to uncertainty about premature mortality.  Thus, a confidence interval based on
the standard error would provide a misleading picture about the overall uncertainty in the
estimates.  Information on the uncertainty surrounding particular C-R and valuation functions is
provided in the HD07 benefits TSD (Abt Associates, 2000).  But, this information should be
interpreted within the context of the larger uncertainty surrounding the entire analysis.

Many benefits categories, while known to exist, do not have enough information
available to provide a quantified or monetized estimate. One significant limitation of both the
health and welfare benefits analyses is the inability to quantify many of the serious effects listed
in Table 10.2-1.   The uncertainty regarding these endpoints is such that we could determine
neither a primary estimate nor a plausible range of values.   The net effect of excluding benefit
and disbenefit categories from the estimate of total benefits depends on the relative magnitude of
the effects. 

Our estimate of total benefits should be viewed as an approximate result because of the
sources of uncertainty discussed above (see Table 10.3-5).  The total benefits estimate may
understate or overstate actual benefits of the rule.  In considering the monetized benefits
estimates, the reader should remain aware of the many limitations of conducting these analyses
mentioned throughout this chapter.  

Table 10.3-5
Primary Sources of Uncertainty in the Benefit Analysis

1.  Uncertainties Associated With Concentration-Response Functions



- The value of the PM-coefficient in each C-R function.
- Application of a single C-R function to pollutant changes and populations in all locations.
- Similarity of future year C-R relationships to current C-R relationships. 
- Correct functional form of each C-R relationship. 
- Extrapolation of C-R relationships beyond the range of PM concentrations observed in the study. 
- Application of C-R relationships only to those subpopulations matching the original study population.

2.  Uncertainties Associated With Original Modeled Ambient PM Concentrations 

- Responsiveness of the models to changes in precursor emissions resulting from the control policy.
- Projections of future levels of precursor emissions, especially ammonia and crustal materials.
- Model chemistry for the formation of ambient nitrate concentrations.
� Comparison of model predictions of particulate nitrate with observed rural monitored nitrate levels indicates

that REMSAD overpredicts nitrate in some parts of the Eastern US and underpredicts nitrate in parts of
the Western US.

3.  Uncertainties Associated with PM Mortality Risk

- No scientific literature supporting a direct biological mechanism for observed epidemiological evidence.
� Direct causal agents within the complex mixture of PM have not been identified.
- The extent to which adverse health effects are associated with low level exposures that occur many times in
the year versus peak exposures.
� The extent to which effects reported in the long-term exposure studies are associated with historically higher

levels of PM rather than the levels occurring during the period of study.
- Reliability of the limited ambient PM2.5 monitoring data in reflecting actual PM2.5 exposures.

4.  Uncertainties Associated With Possible Lagged Effects

- The portion of the PM-related long-term exposure mortality effects associated with changes in annual PM
levels would occur in a single year is uncertain as well as the portion that might occur in subsequent years.

5.  Uncertainties Associated With Baseline Incidence Rates

� Some baseline incidence rates are not location-specific (e.g., those taken from studies) and may therefore not
accurately represent the actual location-specific rates.

- Current baseline incidence rates may not approximate well baseline incidence rates in 2030.
� Projected population and demographics may not represent well future-year population and demographics.

6.  Uncertainties Associated With Economic Valuation

- Unit dollar values associated with health and welfare endpoints are only estimates of mean WTP and therefore
have uncertainty surrounding them.
� Mean WTP (in constant dollars) for each type of risk reduction may differ from current estimates due to

differences in income or other factors.

7.  Uncertainties Associated With Aggregation of Monetized Benefits

� Health and welfare benefits estimates are limited to the available C-R functions.  Thus, unquantified or
unmonetized benefits are not included.

8.   Uncertainties introduced by Transferring Benefits from a Previous Mobile Source Benefits Analysis

� The reasonableness of the benefits transfer depends on the similarity of the original analysis and the emission
reductions analyzed with respect to the  relationship between emissions and human populations.

10.3.7.  Estimated Reductions in Incidences of Health Endpoints and Associated Monetary
Values

Applying the techniques (including the C-R and valuation functions described above) to



10Alternative calculations for premature mortality incidences and valuation are presented
in the HD07 RIA in Tables VII-24 and VII-25, respectively.  An alternative calculation is also
provided in Table VII-25 for chronic bronchitis incidences and for chronic asthma incidences. 
The HD07 RIA can be found in Docket A-2000-01, Document II-A-13.

the estimated changes in NOx and direct PM emissions yields estimates of the number of
avoided incidences (i.e. premature mortalities, cases, admissions, etc.) and the associated
monetary values for those avoided incidences.  These estimates are presented in Table 10.3-6 for
2030.  All of the monetary benefits are in constant 2002 dollars.

Not all known PM- and ozone-related health effects could be quantified or monetized. 
These unmonetized benefits are indicated by place holders, labeled B1 and B2.  In addition,
unmonetized benefits associated with ozone, CO and HC reductions are indicated by the
placeholders B2, B3, and B4.  Unquantified physical effects are indicated by U1 through U4.  The
estimate of total monetized health benefits is thus equal to the subset of monetized PM-related
health benefits plus BH, the sum of the unmonetized health benefits.

The largest monetized health benefit is associated with reductions in the risk of premature
mortality, which accounts for over $7.5 billion, which is over 95 percent of total monetized
health benefits.10  The next largest benefit is for chronic bronchitis reductions, although this value
is more than an order of magnitude lower than for premature mortality.  Minor restricted activity
days, work loss days, and worker productivity account for the majority of the remaining benefits.
The remaining categories account for less than $10 million each; however, they represent a large
number of avoided incidences affecting many individuals. 



Table 10.3-6
Base-Case Estimate of Annual Health Benefits Associated With Air Quality 

Changes Resulting from the Large SI Requirements Only in 2030

Endpoint
Avoided

IncidenceA 
(cases/year)

Monetary BenefitsB 
(millions 2002$, adjusted

for growth in real
income)

PM-related EndpointsC

Premature mortalityD (adults, 30 and over) 1,000 $7,510

Chronic bronchitis (adults, 26 and over) 640 $280

Hospital Admissions – Pneumonia (adults, over 64) 100 <$5

Hospital Admissions – COPD (adults, 64 and over) 100 <$5

Hospital Admissions – Asthma (65 and younger) 100 <$1

Hospital Admissions – Cardiovascular (adults, over 64)  300 <$10

Emergency Room Visits for Asthma (65 and younger) 300 <$1

Asthma Attacks (asthmatics, all ages)E 20,600 <$1

Acute bronchitis (children, 8-12) 2,200 <$1

Lower respiratory symptoms (children, 7-14) 23,700 <$1

Upper respiratory symptoms (asthmatic children, 9-11) 23,400 <$1

Work loss days (adults, 18-65) 181,300 $20

Minor restricted activity days (adults, age 18-65) 944,400 $50

Other PM-related health effectsE U1 B1

Ozone-related Endpoints U2 B2

CO and HC-related health effectsE U3+U4 B3+B4

Monetized Total Health-related BenefitsG — $7,880+BH

A Incidences are rounded to the nearest 100.  
B Dollar values are rounded to the nearest $10 million.
C PM-related benefits are based on the assumption that Eastern U.S. nitrate reductions are equal to one-fifth the nitrate reductions predicted by
REMSAD (see HD07 RIA Chapter II  for a  discussion of REMSAD and model performance).
D Premature mortality associated with ozone is not separately included in this analysis (also note that the estimated value for PM-related
premature mortality assumes the 5 year distributed lag structure).  Further, PM-related reductions are not quantified for ATVs, OHMs,
snowmobiles and recreational marine diesel.
E A detailed listing of unquantified PM, ozone, CO, and HC related health effects is provided in Table 10.2-1. 
F Based upon recent preliminary findings by the Health Effects Institute, the concentration-response functions used to estimate reductions in
hospital admissions may over- or under-estimate the true concentration-response relationship. Our examination of the original studies used in
this analysis finds that the health endpoints that are potentially affected by the GAM issues include: reduced hospital admissions and reduced
lower respiratory symptoms.  While resolution of these issues is likely to take some time, the preliminary results from ongoing reanalyses of
some of the studies suggest a more modest effect of the S-plus error than reported for the NMMAPS PM10 mortality study.  While we wait for
further clarification from the scientific community, we have chosen not to remove these results from the benefits estimates, nor have we elected
to apply any interim adjustment factor based on the preliminary reanalyses.   EPA will continue to monitor the progress of this concern, and
make appropriate adjustments as further information is made available.
G BH is equal to the sum of all unmonetized categories, i.e. Ba+B1+B2+B3+B4.



In Table 10.3-7, we present the benefits over time as the regulations phase in over time
and a net present value, assuming a 3 percent social discount rate.

Table 10.3-7
Monetized Benefits for Large SI Category Only A

Year
        Nox
Reductions
       (tons)

PM
Reductions

(tons)

Total Large SI
Benefits

(thousands $)

2004 40117 0  $          420,000 
2005 74541 0  $          800,000 
2006 108754 0  $        1,180,000 
2007 152431 0  $        1,670,000 
2008 193218 0  $        2,150,000 
2009 233094 0  $        2,630,000 
2010 271554 0  $        3,110,000 
2011 306016 0  $        3,820,000 
2012 328022 0  $        4,160,000 
2013 347920 0  $        4,480,000 
2014 365688 0  $        4,790,000 
2015 378511 0  $        5,030,000 
2016 389820 0  $        5,270,000 
2017 400470 0  $        5,490,000 
2018 410477 0  $        5,710,000 
2019 419931 0  $        5,900,000 
2020 428805 0  $        6,130,000 
2021 437527 -1  $        6,320,000 
2022 446085 -1  $        6,540,000 
2023 454549 -1  $        6,750,000 
2024 462994 -1  $        6,950,000 
2025 471382 -1  $        7,120,000 
2026 479206 -1  $        7,280,000 
2027 486998 -1  $        7,440,000 
2028 494665 -1  $        7,600,000 
2029 502188 -1  $        7,740,000 
2030 509684 -1  $        7,880,000 

 Net Present Value 2002 - 2030  $      77,180,000 

A This analysis excludes the health effects we are not able to quantify for  PM, ozone, CO, and HC.  A detailed list is
provided in Table 10.2-1.  Only NOx and PM reductions from Large SI are quantified.  The sizable PM and Nox
reductions from ATVs, OHMs, snowmobiles, and recreational marine diesel are not quantified.
B Dollar values are rounded to the nearest $10 million. 
c A social discount rate of 3 percent is used to calculate the net present value.  If a discount rate of 7 percent is used,
the net present value (2002 - 2030) is $40.07 billion. 



11 It is of note that, based on recent preliminary findings from the Health Effects Institute (http://www.healtheffects.org), the
magnitude of mortality from short-tern exposure may be under or overestimated. 

10.3.8  Alternative Calculations of Estimated Reductions in Incidences of Health Endpoints
and Associated Monetary Values

We have also evaluated an alternative, more conservative estimate, that can provide
useful insight into the potential impacts of the key elements underlying estimates of the benefits
of reducing NOx, and PM emissions from this rule through calculated alternative benefits for
mortality and chronic bronchitis.  The alternative estimate of mortality reduction relies on certain
recent available scientific studies.  These studies found an association between increased
mortality and short-term exposure to PM over days to weeks.  The alternative approach uses
different data on valuation and makes adjustments relating to the health status and potential
longevity of the populations most likely affected by PM (for more details see Hubbell 2002b).
We are continuing to examine the merits of applying this alternative approach to the calculation
of benefits.  Some of the issues that warrant further investigation are described below.

10.3.9  Alternative Calculations of PM Mortality Risk Estimates and Associated Monetary
Values

The Alternative Estimate addresses uncertainty about the relationship between premature
mortality and long-term exposures to ambient levels of fine particles by assuming that there is no
mortality effect of chronic exposures to fine particles.  Instead, it assumes that the full impact of
fine particles on premature mortality can be captured using a concentration-response function
relating daily mortality to short-term fine particle levels.  Specifically, a concentration-response
function based on Schwartz et al. (1996) is employed, with an adjustment to account for recent
evidence that daily mortality is associated with particle levels from a number of previous days
(Schwartz, 2000).  Previous daily mortality studies (Schwartz et al., 1996) examined the impact
of PM2.5 on mortality on a single day or over the average of two or more days.  Recent analyses
have found that impacts of elevated PM2.5 on a given day can elevate mortality on a number of
following days (Schwartz, 2000; Samet et al., 2000).  Multi-day models are often referred to as
“distributed lag” models because they assume that mortality following a PM event will be
distributed over a number of days following or “lagging” the PM event. 11

There are no PM2.5 daily mortality studies which report numeric estimates of relative risks
from distributed lag models; only PM10 studies are available.  Daily mortality C-R functions for
PM10 are consistently lower in magnitude than PM2.5-mortality C-R functions, because fine
particles are believed to be more closely associated with mortality than the coarse fraction of PM. 
Given that the emissions reductions from heavy duty vehicles result primarily in reduced ambient
concentrations of PM2.5, use of a PM10 based C-R function results in a significant downward bias
in the estimated reductions in mortality.  To account for the full potential multi-day mortality
impact of acute PM2.5 events, we use the distributed lag model for PM10 reported in Schwartz
(2000) to develop an adjustment factor which we then apply to the PM2.5 based C-R function
reported in Schwartz et al. (1996).  If most of the increase in mortality is expected to be



associated with the fine fraction of PM10, then it is reasonable to assume that the same
proportional increase in risk would be observed if a distributed lag model were applied to the
PM2.5 data.  There are two relevant coefficients from the Schwartz et al. (1996) study, one
corresponding to all-cause mortality, and one corresponding to chronic obstructive pulmonary
disease (COPD) mortality (separation by cause is necessary to implement the life years lost
approach detailed below). 

These estimates, while approximating the full impact of daily pollution levels on daily
death counts, do not capture any impacts of long-term exposure to air pollution.   EPA’s Science
Advisory Board, while acknowledging the uncertainties in estimation of a PM-mortality
relationship, has recommended the use of a study that does reflect the impacts of long-term
exposure.  The omission of long-term impacts accounts for an approximately 40 percent
reduction in the estimate of avoided premature mortality in the alternative estimates relative to
the primary estimates.

Furthermore, the alternative estimates reflect the impact of changes to key assumptions
associated with the valuation of mortality.  These include: 1) the impact of using wage-risk and
contingent valuation-based value of statistical life estimates in valuing risk reductions from air
pollution as opposed to contingent valuation-based estimates alone, 2) the relationship between
age and willingness-to-pay for fatal risk reductions, and 3) the degree of prematurity in
mortalities from air pollution.  

The alternative estimates address this issue by using an estimate of the value of statistical
life that is based only on the set of five contingent valuation studies included in the larger set of
26 studies recommended by Viscusi (1992) as applicable to policy analysis.  The mean of the five
contingent valuation based VSL estimates is $3.7 million (1999$), which is approximately 60
percent of the mean value of the full set of 26 studies.

The second issue is addressed by assuming that the relationship between age and
willingness-to-pay for fatal risk reductions can be approximated using an adjustment factor
derived from Jones-Lee (1989).  The SAB has advised the EPA that the appropriate way to
account for age differences is to obtain the values for risk reductions from the age groups
affected by the risk reduction. 

To show the maximum impact of the age adjustment, the Alternative Estimate is based on
the Jones-Lee (1989) adjustment factor of 0.63, which yields a VSL of $2.3 million for
populations over the age of 70.  Deaths of individuals under the age of 70 are valued using the
unadjusted mean VSL value of $3.7 million (1999$).  Since these are acute mortalities, it is
assumed that there is no lag between reduced exposure and reduced risk of mortality.

A simpler and potentially less biased approach is to simply apply a single age adjustment
based on whether the individual was over or under 65 years of age at the time of death.  This is
consistent with the range of observed ages in the Jones-Lee studies and also agrees with the
findings of more recent studies by Krupnick et al. (2000) that the only significant difference in
WTP is between the over 70 and under 70 age groups.  To correct for the potential extrapolation



error for ages beyond 70, the adjustment factor is selected as the ratio of a 70 year old
individual’s WTP to a 40 year old individual’s WTP, which is 0.63, based on the Jones-Lee
(1989) results and 0.92 based on the Jones-Lee (1993) results.  

The third issue is addressed in the Alternative Estimate by assuming that deaths from
chronic obstructive pulmonary disease (COPD) are advanced by 6 months, and deaths from all
other causes are advanced by 5 years.  These reductions in life years lost are applied regardless of
the age at death. Actuarial evidence suggests that individuals with serious preexisting
cardiovascular conditions have a remaining life expectancy of around 5 years.  While many
deaths from daily exposure to PM may occur in individuals with cardiovascular disease, studies
have shown relationships between all cause mortality and PM, and between PM and mortality
from pneumonia (Schwartz, 2000).  In addition, recent studies have shown a relationship
between PM and non-fatal heart attacks, which suggests that some of the deaths due to PM may
be due to fatal heart attacks (Peters et al., 2001).  And, a recent meta-analysis has shown little
effect of age on the relative risk from PM exposure (Stieb et al. 2002), which suggests that the
number of deaths in non-elderly populations (and thus the potential for greater loss of life years)
may be significant.  Indeed, this analysis estimates that 21 percent of non-COPD premature
deaths avoided are in populations under 65.  Thus, while the assumption of 5 years of life lost
may be appropriate for a subset of total avoided premature mortalities, it may over or
underestimate the degree of life shortening attributable to PM for the remaining deaths.

In order to value the expected life years lost for COPD and non-COPD deaths, we need to
construct estimates of the value of a statistical life year.  The value of a life year varies based on
the age at death, due to the differences in the base VSL between the 65 and older population and
the under 65 population.  The valuation approach used is a value of statistical life years (VSLY)
approach, based on amortizing the base VSL for each age cohort.  Previous applications have
arrived at a single value per life year based on the discounted stream of values that correspond to
the VSL for a 40 year old worker (U.S. EPA, 1999a).  This assumes 35 years of life lost is the
base value associated with the mean VSL value of $3.7 million (1999$).  The VSLY associated
with the $3.7 million VSL is $163,000, annualized assuming EPA’s guideline value of a 3
percent discount rate, or $270,000, annualized assuming OMB’s guideline value of a 7 percent
discount rate.  

The VSL applied in this analysis is then built up from that VSLY by taking the present
value of the stream of life years, again assuming a 3% discount rate.  Thus, if you assume that a
40 year-old dying from pneumonia would lose 5 years of life, the VSL applied to that death
would be $0.79 million.  For populations over age 65, we then develop a VSLY from the age-
adjusted base VSL of $2.3 million. Given an assumed remaining life expectancy of 10 years, this
gives a VSLY of $258,000, assuming a 3 percent discount rate.  Again, the VSL is built based on
the present value of 5 years of lost life, so in this case, we have a 70 year old individual dying
from pneumonia losing 5 years of life, implying an estimated VSL of $1.25 million. COPD
deaths for populations aged 65 and older are valued at $0.13 million per incidence.  Finally,
COPD deaths for populations aged 64 and younger are valued at $0.09 million per incidence. 
The implied VSL for younger populations is less than that for older populations because the
value per life year is higher for older populations.  Since we assume that there is a 5 year loss in



life years for a PM related mortality, regardless of the age of person dying, this necessarily leads
to a lower VSL for younger populations. As a final step, these estimated VSL values are
multiplied by the appropriate adjustment factors to account for changes in WTP over time.

10.3.9.1 Alternative Calulations of Chronic Bronchitis Monetary Values

For the alternative estimate, a cost-of illness value is used in place of willingness-to-pay
to reflect uncertainty about the value of reductions in incidences of chronic bronchitis. In the
primary estimate, the willingness-to-pay estimate was derived from two contingent valuation
studies (Viscusi et al., 1991; Krupnick and Cropper, 1992).  These studies were experimental
studies intended to examine new methodologies for eliciting values for morbidity endpoints. 
Although these studies were not specifically designed for policy analysis, the SAB (EPA-SAB-
COUNCIL-ADV-00-002, 1999) has indicated that the severity-adjusted values from this study
provide reasonable estimates of the WTP for avoidance of chronic bronchitis.  As with other
contingent valuation studies, the reliability of the WTP estimates depends on the methods used to
obtain the WTP values. In order to investigate the impact of using the CV based WTP estimates,
the alternative estimates rely on a value for incidence of chronic bronchitis using a cost-of-illness
estimate based Cropper and Krupnick (1990) which calculates the present value of the lifetime
expected costs associated with the illness.  The current cost-of-illness (COI) estimate for chronic
bronchitis is around $107,000 per case, compared with the current WTP estimate of $330,000. 
Because the alternative estimate is based on cost-of-illness, no income adjustments are applied
when applying the estimate in future year analyses.

10.3.9.2 Alternative Calulations Results

Applying the techniques (including the C-R and valuation alternatives described above)
to the estimated changes in NOx and direct PM emissions for Large SI engines from this rule
yields estimates of the number of avoided incidences of premature mortalities and chronic
bronchitis cases and the associated monetary values for those avoided incidences.  These
estimates are presented in Table 10.3-8 for 2030.  All of the monetary benefits are in constant
2002 dollars.



Table 10.3-8.  
Alternative Benefits in 2030 from PM-related Reductions from the Large SI Categories.

Alternative 
Estimate IncidenceA

Alternative
Estimation ValuationB

(million $)

Short-term exposure
mortality

600 $810

Chronic bronchitis 640 $90
A Incidences are rounded to the nearest 10.  
B Dollar values are rounded to the nearest $10 million.

In Table 10.3-9, we present the benefits over time as the regulations phase in over time and a net
present value, assuming a 3 percent social discount rate.



Table 10.3-9
Alternative Monetized Benefits Mortality and Chronic Bronchitis 

for Large SI Category Only A

Year
Nox 

Reductions
PM

Reductions
Total Benefits
(thousands)

2004 40,117 0  $                 50,000 
2005 74,541 0  $                 90,000 
2006 108,754 0  $               130,000 
2007 152,431 0  $               190,000 
2008 193,218 0  $               250,000 
2009 233,094 0  $               300,000 
2010 271,554 0  $               350,000 
2011 306,016 0  $               440,000 
2012 328,022 0  $               470,000 
2013 347,920 0  $               510,000 
2014 365,688 0  $               550,000 
2015 378,511 0  $               570,000 
2016 389,820 0  $               600,000 
2017 400,470 0  $               620,000 
2018 410,477 0  $               650,000 
2019 419,931 0  $               670,000 
2020 428,805 0  $               700,000 
2021 437,527 -1  $               720,000 
2022 446,085 -1  $               750,000 
2023 454,549 -1  $               770,000 
2024 462,994 -1  $               790,000 
2025 471,382 -1  $               810,000 
2026 479,206 -1  $               830,000 
2027 486,998 -1  $               850,000 
2028 494,665 -1  $               870,000 
2029 502,188 -1  $               880,000 
2030 509,684 -1  $               900,000 

Net Present Value 2002 to 2030 $8,800 million 

A This alternative analysis excludes the health effects we are not able to quantify for PM, ozone, CO, and HC as well
as excluding benefits from long-term exposure mortality, hospital admissions, emergency department visits, upper
and lower respiratory symptoms, asthma attacks, acute bronchitis, work loss days and minor restricted activity days. 
A detailed list is provided in Table 10.2-1.  Only NOx and PM reductions from Large SI are quantified.  The sizable
PM and Nox reductions from ATVs, OHMs, snowmobiles, and recreational marine diesel are not quantified.
B Dollar values are rounded to the nearest $10 million. 
c A social discount rate of 3 percent is used to calculate the net present value.  If a discount rate of 7 percent is used,
the net present value (2002 - 2030) is $4.57 billion. 



10.4  CO and Air Toxics Health Benefits Estimation

Although we achieve substantial reductions in CO and HC (many of which are hazardous
air pollutants), we are unable to quantify benefits for these reductions.  We present two
techniques for estimating the economic benefits of changes in emissions from snowmobiles that
are possible areas for further reserach.  

10.4.1  Direct Valuation of “Clean” Snowmobiles

In general, economists tend to view an individual’s willingness-to-pay (WTP) for a
improvement in environmental quality as the appropriate measure of the value of a risk
reduction.  An individual’s willingness-to-accept (WTA) compensation for not receiving the
improvement is also a valid measure. However, WTP is generally considered to be a more readily
available and conservative measure of benefits.  Adoption of WTP as the measure of value
implies that the value of environmental quality improvements is dependent on the individual
preferences of the affected population and that the existing distribution of income (ability to pay)
is appropriate.

For many goods, WTP can be observed by examining actual market transactions. For
example, if a gallon of bottled drinking water sells for one dollar, it can be observed that at least
some persons are willing to pay one dollar for such water.  For goods not exchanged in the
market, such as most environmental “goods,” valuation is not as straightforward.  Nevertheless, a
value may be inferred from observed behavior, such as sales and prices of products that result in
similar effects or risk reductions, (e.g., non-toxic cleaners or safety devices).  Alternatively,
surveys may be used in an attempt to directly elicit WTP for an environmental improvement.

One distinction in environmental benefits estimation is between use values and non-use
values.  Although no general agreement exists among economists on a precise distinction
between the two (see Freeman, 1993), the general nature of the difference is clear.  Use values
are those aspects of environmental quality that affect an individual’s welfare more or less
directly.  These effects include changes in product prices, quality, and availability, changes in the
quality of outdoor recreation and outdoor aesthetics, changes in health or life expectancy, and the
costs of actions taken to avoid negative effects of environmental quality changes.  

Non-use values are those for which an individual is willing to pay for reasons that do not
relate to the direct use or enjoyment of any environmental benefit, but might relate to existence
values and bequest values.  Non-use values are not traded, directly or indirectly, in markets.  For
this reason, the measurement of non-use values has proved to be significantly more difficult than
the measurement of use values.  The air quality changes produced by the final Large
SI/Recreational Vehicle rule cause changes in both use and non-use values, but the monetary
benefit estimates are almost exclusively for use values.  

The most direct way to measure the economic value of air quality changes is in cases
where the endpoints have market prices.  More frequently than not, the economic benefits from
environmental quality changes are not traded in markets, so direct measurement techniques can



12Concerns about the reliability of value estimates from CV studies arose because
research has shown that bias can be introduced easily into these studies if they are not carefully
conducted.  Accurately measuring WTP for avoided health and welfare losses depends on the
reliability and validity of the data collected.  There are several issues to consider when evaluating
study quality, including but not limited to 1) whether the sample estimates of WTP are
representative of the population WTP; 2) whether the good to be valued is comprehended and
accepted by the respondent; 3) whether the WTP elicitation format is designed to minimize
strategic responses; 4) whether WTP is sensitive to respondent familiarity with the good, to the
size of the change in the good, and to income; 5) whether the estimates of WTP are broadly
consistent with other estimates of WTP for similar goods; and 6) the extent to which WTP
responses are consistent with established economic principles.  

13Duffield, JW and CJ Neher.  Winter 1998-99 Visitor Survey: Yellowstone National
Park, Grand Teton National Park, and Greater Yellowstone Area.  May 2000. Docket A-2000-01,
Document IV-A-113.  The survey instrument and the report were independently peer-reviewed. 

not be used.  

Estimating benefits for public land activities or its existence value is a more difficult and
less precise exercise because the endpoints are not directly or indirectly valued in markets.  For
example, the loss of a species of animal or plant from a particular habitat does not have a well-
defined price, neither does a crisp winter day of quietude.  The contingent valuation (CV) method
has been employed in the economics literature to value endpoint changes for both visibility and
ecosystem functions (Chestnut and Dennis, 1997).  There is an extensive scientific literature and
body of practice on both the theory and technique of CV.  EPA believes that well-designed and
well-executed CV studies are valid for estimating the benefits of air quality regulation.12  

The contingent valuation (CV) method uses survey techniques to estimate values
individuals place on goods and services for which no market exists.  Contingent valuation has
been widely applied (Mitchell and Carson 1989, and Walsh, Johnson, and McKean 1992), and
the U.S. Water Resources Council recognizes this as an appropriate method.  The U.S.
Department of Interior’s federal guidelines have designated CV as the best available procedure
for valuing damages arising in Superfund natural resource damage cases (U.S. DOI 1986, 1991).

The CV method values endpoints by using carefully structured surveys to ask a sample of
people what amount of compensation is equivalent to a given change in environmental quality. 
In a CV survey, individuals are asked about their willingness to pay for a given service or
commodity contingent on their acceptance of a hypothetical but plausible and realistic market
situation.  Thus, there are three main elements in the approach: 1) a description of the commodity
to be valued; 2) the payment vehicle (i.e., how the individual will pay for the good or service);
and 3) the form of the question (e.g., open-ended or dichotomous choice questions).  A study that
contained information about  use value for “clean, quiet” snowmobiles was recently conducted
(Duffield and Neher 2000).13  However, the study was judged to have limitations in its
application here.  The National Park Service is endeavoring to conduct a new study that may
address the short-comings of this study.



10.4.2  Overview of Benefits Estimation for CO and Air Toxics from the Final Rule

A large variety of substances is emitted from tail pipes of snowmobiles powered by two-
stroke engines.1  Some of these substances may be acutely neurotoxic at sufficiently high
concentration, including volatile hydrocarbons (HC) and carbon monoxide (CO). The acute
neurotoxicity of only two of the identified exhaust components have been studied extensively on
an individual basis (toluene and CO), but the combined toxicity of the mixture of toluene and CO
has not been evaluated.2  Toluene comprises about 20 percent of the total amount of
hydrocarbons in the exhaust of snowmobiles.3  As discussed above, up to a third of the fuel and
lubricating oil mixture delivered to the 2-stroke snowmobile engine is emitted directly without
being burned.

Ideally, we would have quantified the economic benefit of reductions in all of these
pollutants from vehicles subject to our final rule.  In developing a method to quantify economic
benefits for the reduction of these toxic pollutants, however, we were limited by the available
exposure literature to modeling a specific common exposure scenario for snowmobiles.  After
detailed subsequent investigation of the limited exposure information, we judge the study to
contain too many unresolved uncertainties to be used in this analysis.  Further, we are not able to
quantify exposures related to other high-emitting 2-stroke engines in ATVs or OHMCs. 
Furthermore, there are substantial uncertainties in the analysis and gaps in our underlying
knowledge.  More research is needed, especially regarding exposure to neurotoxicants emitted
from these and other categories of 2-stroke engines to facilitate benefits calculations. 

If after further study, we learn that off-road vehicle operators are exposed to combined
levels of neurotoxicants at levels that impair skills related to driving ability,4 then reductions in
these exposures could result in fewer accidents and avoided medical and property damage costs.
However, we were limited by gaps in knowledge about exposure estimates and health effects
related to most neurotoxic compounds.  For air toxics and CO, it can be important to consider
both momentary blood dose as well as longer term exposures in evaluating the health effects and
monetary benefits.

10.5  Total Benefits

We provide our base-case estimate of benefits for each health and welfare endpoint as
well  as the resulting base-case estimate of total benefits.  To obtain this estimate, we aggregate
dollar benefits associated with each of the effects examined, such as hospital admissions, into a
total benefits estimate assuming that none of the included health and welfare effects overlap. 
The base-case estimate of the total benefits associated with the health and welfare effects is the
sum of the separate effects estimates.  Total monetized benefits associated with the final Large
SI/Recreational Vehicle rule are listed in Table 10.5-1, along with a breakdown of benefits for
the Large SI category only by endpoint.  Note that the value of endpoints known to be affected by
ozone and/or PM that we are not able to monetize are assigned a placeholder value (e.g., B1, B2,
etc.).  Unquantified physical effects are indicated by a U.  The estimate of total benefits is thus
the sum of the monetized benefits and a constant, B, equal to the sum of the unmonetized



benefits, B1+B2+...+Bn. 

A comparison of the incidence column to the monetary benefits column reveals that there
is not always a close correspondence between the number of incidences avoided for a given
endpoint and the monetary value associated with that endpoint.  For example, there many times
more asthma attacks than premature mortalities, yet these asthma attacks account for only a very
small fraction of total monetized benefits.  This reflects the fact that many of the less severe
health effects, while more common, are valued at a lower level than the more severe health
effects.  Also, some effects, such as asthma attacks, are valued using a proxy measure of WTP. 
As such the true value of these effects may be higher than that reported in Table 10.5-1. 



Table 10.5-1
Base-Case Estimate of Annual Health Benefits Associated With 

Air Quality Changes Resulting from the Large SI/Recreational Vehicle Rule in 2030

Endpoint
Avoided

IncidenceA 
(cases/year)

Monetary BenefitsB 
(millions 2002$, adjusted

for growth in real
income)

PM-related EndpointsC

Premature mortalityD (adults, 30 and over) 1,000 $7,510

Chronic bronchitis (adults, 26 and over) 640 $280

Hospital Admissions – Pneumonia (adults, over 64)F 100 <$5

Hospital Admissions – COPD (adults, 64 and over) 100 <$5

Hospital Admissions – Asthma (65 and younger) 100 <$1

Hospital Admissions – Cardiovascular (adults, over 64)  300 <$10

Emergency Room Visits for Asthma (65 and younger) 300 <$1

Asthma Attacks (asthmatics, all ages)E 20,600 <$1

Acute bronchitis (children, 8-12) 2,200 <$1

Lower respiratory symptoms (children, 7-14) 23,700 <$1

Upper respiratory symptoms (asthmatic children, 9-11) 23,400 <$1

Work loss days (adults, 18-65) 181,300 $20

Minor restricted activity days (adults, age 18-65) 944,400 $50

Other PM-related health effectsE U1 B1

Ozone-related Endpoints U2 B2

Quantified HC-related WTP -- U3

CO and HC-related health effectsE U4+U5 B3

Monetized Total Health-related BenefitsG — $7,880 +BH
A Incidences are rounded to the nearest 100.  Nox and PM-related reductions are not quantified for ATVs, OHMs, snowmobiles and recreational
marine diesel.
B Dollar values are rounded to the nearest $10 million.
C PM-related benefits are based on the assumption that Eastern U.S. nitrate reductions are equal to one-fifth the nitrate reductions predicted by
REMSAD (see HD07 RIA Chapter II  for a  discussion of REMSAD and model performance).
D Premature mortality associated with ozone is not separately included in this analysis (also note that the estimated value for PM-related
premature mortality assumes the 5 year distributed lag structure).  
E A detailed listing of unquantified PM, ozone, CO, and HC related health effects is provided in Table 10.2-1. 
F Based upon recent preliminary findings by the Health Effects Institute, the concentration-response functions used to estimate reductions in hospital admissions may over- or

under-estimate the true concentration-response relationship. Our examination of the original studies used in this analysis finds that the health endpoints that
are potentially affected by the GAM issues include: reduced hospital admissions and reduced lower respiratory symptoms.  While resolution of
these issues is likely to take some time, the preliminary results from ongoing reanalyses of some of the studies suggest a more modest effect of
the S-plus error than reported for the NMMAPS PM10 mortality study.  While we wait for further clarification from the scientific community, we
have chosen not to remove these results from the benefits estimates, nor have we elected to apply any interim adjustment factor based on the
preliminary reanalyses.   EPA will continue to monitor the progress of this concern, and make appropriate adjustments as further information is
made available.
G BH is equal to the sum of all unmonetized categories, i.e. Ba+B1



10.6  Comparison of Costs to Benefits

Benefit-cost analysis provides a valuable framework for organizing and evaluating
information on the effects of environmental programs.  When used properly, benefit-cost analysis
helps illuminate important potential effects of alternative policies and helps set priorities for
closing information gaps and reducing uncertainty.  According to economic theory, the efficient
policy alternative maximizes net benefits to society (i.e., social benefits minus social costs). 
However, not all relevant costs and benefits can be captured in any analysis.  Executive Order
12866 clearly indicates that unquantifiable or nonmonetizable categories of both costs and
benefits should not be ignored.  There are many important unquantified and unmonetized costs
and benefits associated with reductions in emissions, including many health and welfare effects. 
Potential benefit categories that have not been quantified and monetized are listed in Table 10.2-
1 of this chapter. 

The estimated social cost (measured as changes in consumer and producer surplus) in
2030 to implement the final Large SI/Recreational Vehicle program from Chapter 9 is $216
million (2001$). The net social gain, considering fuel efficiency, is $553 million.  The monetized
benefits are approximately $7.8 billion, and EPA believes there is considerable value to the
public of the benefits it could not monetize. The net benefit that can be monetized is $8.4 billion.
Therefore, implementation of the Large SI/Recreational Vehicle program is expected to provide
society with a net gain in social welfare based on economic efficiency criteria. Table 10.6-1
summarizes the costs, benefits, and net benefits.



Table 10.6-1
Millions of 2001$a

Social Gains
$550

Monetized PM-related benefitsb,c $7,880 + BPM

Monetized Ozone-related benefitsb,d not monetized ( BOzone)

HC-related benefits
not monetized ( BHC )

CO-related benefits
not monetized (BCO)

Total annual benefits
$7,880 +BPM + BOzone + BHC + BCO

Monetized net benefitse $8,430 + B

a For this section, all costs and benefits are rounded to the nearest 10 million.  Thus, figures presented in this chapter may
not exactly equal benefit and cost numbers presented in earlier sections of the chapter. 
b Not all possible benefits or disbenefits are quantified and monetized in this analysis.  Potential benefit categories that
have not been quantified and monetized are listed in Table IX-E.2.  Unmonetized  PM- and ozone-related benefits are
indicated by BPM. And BOzone, respectively.
c Based upon recent preliminary findings by the Health Effects Institute, the concentration-response functions used to
estimate reductions in hospital admissions may over- or under-estimate the true concentration-response relationship.
dThere are substantial uncertainties associated with the benefit estimates presented here, as compared to other EPA
analyses that are supported by specific modeling.  This analysis used a benefits transfer technique described in the RSD.
e B is equal to the sum of all unmonetized benefits, including those associated with PM, ozone, CO, and HC.

The net present value of the future benefits has also been calculated, using a 3 percent
discount rate over the 2002 to 2030 time frame.  The net present value of the social gains, from
Table 9.1-7 of Chapter 9, is $4,930 million.  The net present value of the total annual benefits,
from Tables 10.3-7 and 10.4-3, is $77,177 million + B.  Consequently, the net present value of
the monetized net benefits of this program is $82,107 million.

For each of the vehicle categories, the net present value of the future streams of surplus
losses, fuel savings, social costs/gains, health and environmental benefits and net cost/benefits
have been calculated.  The net present values of these future streams are calculated using a 3
percent discount rate (in Chapters 9, 10, and 11) and are calculated over the 2002 to 2030 time
frame.  

These net present value estimates are sensitive to the discount rate.  Table 10.6-2 presents
an alternative net present value calculation of the surplus loss, fuel savings, social costs/gains,
health and environmental benefits, and net cost or benefits for the control programs being
adopted in this rulemaking, for each vehicle category, for the period 2002 to 2030, assuming an
alternative discount rate of 7%.



Table 10.6-2
Net Present Values*, Fuel Cost Savings, and Social Costs/Gains

(millions of 2001$)**

Vehicle Category NPV of Surplus
Loss

NPV of Fuel Cost
Savings

NPV of Social
Costs/Gains

***

CI Marine $59.0 $0.0 $59.0

Forklifts $415.8 $2,644.2 ($2,228.4)

Other Large SI**** $419.7 $804.8 ($385.1)

Snowmobiles $296.9 $459.7 ($162.8)

ATVs $491.9 $253.0 $238.9

Off-Highway Motorcycles $206.2 $120.6 $85.6

Total $1,889.5 $4,282.3 ($2,392.8)
* Net Present Values are calculated using a discount rate of 7 percent over the 2002 - 2030 time period.
** Figures are in year 2000 and 2001 dollars, depending on the vehicle category; ( ) represents a negative cost
(social gain). 
 ***Figures in this column exclude estimated health and environmental benefits.
****Figures in this row are engineering cost estimates.  See Section 9.7.6 of Chapter 9.

The net present value of the future benefits has also been calculated, using a 7 percent
discount rate over the 2002 to 2030 time frame.  The net present value of the social gains from
above, is $2,393 million.  The net present value of the total annual health and environmental
benefits that we were able to quantify using a 7 percent discount rate is $40,070 million + B. 
Consequently, the net present value of the monetized net benefits of this program using a 7
percent discount rate is $42,477 + B million.
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