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Presentation overview 

• Air pollution problem  

• Methods for estimating costs and benefits 

• Available tools 

• Example analyses 

• Lessons learned 
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Air Pollution Problem 



How Can Air Pollution Affect Health? 
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Industrial emissions 

Fine particles 

Human health impacts 



Global Burden of Air Pollution 

• The 2010 Global Burden of Disease 
study ranked outdoor air pollution 
among the top 10 risks worldwide.  

• Annually, outdoor fine particle 
pollution contributes to over 3.2 
million premature deaths 
worldwide and over 74 million 
years of healthy life lost. 

• Household air pollution from the 
burning of solid fuels is responsible 
for a substantial burden of disease 
in low- and middle income 
countries.  

• In the U.S., EPA scientists estimate 
that air pollution contributed to 
over 130,000 premature deaths in 
2005 (Fann et al., 2012) 
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http://www.thelancet.com/themed/global-burden-of disease 



6 

Source: www.epa.gov/airtrends 

1990 to 2012: Air Pollution in the U.S. 

Declines while the Economy Grows 



Methods for estimating costs and 

benefits 

 



Steps in Conducting a Cost-benefit 

Analysis for an Air Pollution Regulation 
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Identify Baseline 

Identify Actions Needed to 
Meet New Requirements 

Estimate Costs 
Estimate Changes in 

Pollution Exposure and 
Associated Benefits 

Compare Costs and Benefits 



Typical Elements of USEPA’s Benefit-

Cost Analyses for Air Pollution 
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Identifying the Baseline 

•To identify the costs and benefits 
of a specific action, you must first 
develop a picture of the world in 
the absence of that action. 

•This baseline should include all 
previous actions to ensure that the 
costs and benefits only reflect 
emission reductions that occur as 
a result of the action being 
analyzed.  

•Predicting the future can be 
difficult! 

▫ How handle proposed actions? 

▫ Assume full compliance with 
existing requirements? 

▫ What year(s) do you analyze? 
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Today 
Future 

Analysis Year 

Emissions 
Baseline projection 
(“World without 
action”) 

Emission 
reductions due to 
action 

“World with 
action” 



Estimating Costs 

• Social Costs measure the economic welfare loss to society associated 
with a regulatory action. 

▫ If the price of the good produced by the regulated entity goes up as the 
result of regulation, this will impact consumers of that good. 

• Engineering Costs measure the direct costs to the regulated firms, 
including 

▫ Capital - costs for an initial (up-front) investment when purchasing an 
emission control device (e.g., scrubber, fabric filter, catalytic converter, 
etc) 

▫ Operating and maintenance (O&M) - costs that recur over the life of the 
control device or practice, including labor, energy, taxes, materials, 
depreciation 

▫ Administration costs – monitoring, recordkeeping, reporting 

• Costs are typically annualized, and total costs include capital, O&M 
costs, and administration costs 
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Economic Impact and Employment 

Analysis 
• Economic impact analysis addresses the impacts for the regulated 

industry and secondary markets (i.e., the ripple effect through the 
economy) due to increased production costs caused by a regulation. 

• Such an analysis also includes: 

▫ Estimation of the social costs  

▫ Changes in the price and quantity of goods produced by the regulated 
industry (e.g., electricity) 

▫ Changes in the price and quantity of goods produced in other industrial 
sectors that use the output of the regulated industry as an input 

▫ Impacts on international trade, small businesses and municipalities, 
other government entities 

• Employment is not a traditional part of benefit-cost analyses, 
but increasing interest in quantifying impacts on employment 
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Overview of Benefits Analysis 
• Goal: Describe and monetize all the positive consequences of an 

action 

▫ To inform the public about the incremental impacts of the action 

▫ To compare to the costs (in dollars) 

▫ To help justify the costs (to extent permitted by law) 

 

• Total benefits > total monetized benefits 

▫ Many important benefits remain unquantified 

▫ USEPA has not yet developed systematic approaches to monetizing 
benefits for many pollutants 
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Typical Categories of Benefits for Air 

Regulations 
Health Benefits – based on epidemiology 

studies showing relationship between pollution 
exposure and health effects (quantified using 
BenMAP-CE) 

Climate Benefits – based on damages 
estimated by climate models per ton of CO2 
(quantified using “social cost of carbon” (SCC))  

http://www.epa.gov/climatechange/EPAactivities/
economics/scc.html  

Visibility Benefits – based on value of 
reducing light extinction from air pollution 

Ecosystem Benefits – based on changes in 
recreation or economic value of ecosystem 
products 
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http://www.epa.gov/climatechange/EPAactivities/economics/scc.html
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html
http://www.epa.gov/climatechange/EPAactivities/economics/scc.html


The Epidemiological Literature Helps 

Quantify the Magnitude of the Risk… 
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Changes in air pollution exposure 
Concentration-response 

 relationship 

Source: Jerrett et al. (2009) 



…While the Clinical and Toxicological Literature Helps 

Establish Biological Mechanisms 

Source: Brook et al. (2010) 
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Severity of 

effects 
Magnitude 

of impacts 

Millions 

Tens of 

Thousands 

Proportion of population affected 

> 90% of the 

monetized 

benefits 

Thousands 

Hundreds 

A “Pyramid of Effects” from Air Pollution 
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Category Health Endpoint PM2.5 Ozone 

Mortality Premature mortality   

Cardiovascular 
effects 

Nonfatal heart attacks  

Hospital admissions, cardiovascular  

Respiratory 
effects 

Hospital admissions, respiratory   

Asthma ER visits   

Acute respiratory symptoms   

Asthma attacks   

Work loss days  

School absence days  

What Health Endpoints does USEPA Include 

in Our Core Benefits Estimates for Air 

Pollution? 
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Health is worth a lot! 

• In the U.S., studies show that we are willing to pay about  
▫ $10 million dollars (in 2013$ U.S.) to prevent one early death 

across the population 

▫ This is NOT the value of the life of a specific person 

 

 

 

 

 

 

• Avoiding….  
▫ a heart attack saves about $100,000  

▫ a hospital admission saves $20,000-$40,000 

▫ an asthma attack saves about $50 
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Source: USEPA, 2012 PM NAAQS RIA 



Assign Economic Value to Health Effects 

• Cost of Illness (COI) 

▫ Medical expenses for treatment of illness 

▫ Captures the money savings to society of reducing a health effect 

▫ Ignores the value of reduced pain and suffering 

 

• Willingness To Pay (WTP) 

▫ Lost wages, avoided pain and suffering, loss of satisfaction, loss of leisure 
time, etc. 

▫ Measures the complete value of avoiding a health outcomes 

 

• USEPA reports monetized health benefits at discount rates of 3% 
and 7% 

▫ Climate benefits, which reflect intergenerational discounting, use 
different discount rates 
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Value of a Statistical Life (VSL) 

In a population of 

10,000, reducing 

pollution would avoid 

one premature death 

(i.e. reduce risk by  

       ) 

Each of 10,000 is 

willing to pay $500 to 

reduce risk of 

premature death by    

$500 • 10,000 = $5m 

VSL is then multiplied 

by the inverse of the 

risk reduction 

10,000
1 10,000

1
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Difficult Questions 
• Should risks for older people be 

valued less than for younger people?  
For poorer people? 

• How do we value effects that might 
not occur until our grandchildren’s 
generation?  What discount rate 
should we use? 

• How do we deal with things that we 
cannot put a dollar value on yet?  
Should they be counted? 

• Is it better to include a very uncertain 
value with a wide range or nothing at 
all? 

Protestors used this image to 
object to USEPA’s proposal to 
value the lives of people over 
70 years old by 37% less than 
those of people who are 
younger 



Available Tools for Estimating 

Health Benefits 
BenMAP-CE 

Global Burden of Disease module 

LEAP / CCAC Benefits Calculator 



• The “environmental Benefits Mapping 
and Analysis Program--Community 
Edition” 

• The principal tool EPA uses to 
quantify the benefits criteria air 
quality improvements 

• An open-source PC-based and graphic 
user interface-driven software 
program 

• Program estimates the incidence and 
economic value of adverse health 
outcomes 

• Training available 
▫ Short tutorial on BenMAP website 
▫ November 18, 2014: Better Air Quality 

conference in Sri Lanka 
▫ January 2015: Chile 

• Receive email updates: 
http://www.epa.gov/airquality/benmap/regis.
html  
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Download program at 

https://www.epa.gov/air/benmap  

 

Questions: benmap@epa.gov  

 

http://www.epa.gov/airquality/benmap/regis.html
http://www.epa.gov/airquality/benmap/regis.html
https://www.epa.gov/air/benmap
mailto:benmap@epa.gov


Baseline Air Quality Post-Policy Scenario  Air Quality 

Incremental Air Quality 

Improvement 

PM2.5  

Reduction 

Population 

Ages 30-99 

Background 

Incidence 

Rate 
Effect 

Estimate 

Mortality 

Reduction 

∆ Y = Yo (1-e -ß∆ PM) * Pop 
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Global Burden of Disease Module in 

BenMAP-CE 
• Allows users to select a country, region, or group of countries and see the 

impact of lowering PM2.5 emissions using data from the 2010 GBD study. 

• Exports an Excel file with information about the avoided deaths in the 
country or region selected, as well as the PM2.5 concentrations in the 
analysis. 
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Long-range Energy Alternatives 

Planning System 

• Developed by the Stockholm Environment Institute for energy 
policy analysis and climate change mitigation assessment 

• Used by 190 countries and has low initial data requirements 

• Emission control strategy tool for energy sector 

▫ Can track energy consumption, production and resource 
extraction in all sectors of an economy.   

▫ Can account for both energy sector and non-energy sector 
greenhouse gas (GHG) emission sources and sinks.   

▫ Can analyze emissions of local and regional air pollutants, 
making it well-suited to studies of the climate co-benefits of local 
air pollution reduction. 

• However, LEAP does not calculate benefits 
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http://www.energycommunity.org/  
 

http://www.energycommunity.org/


Benefits Calculator  

• Currently an Excel-based screening tool that enables countries to quickly quantify potential 
climate, health, and agriculture impacts of reducing short-lived climate pollutants (e.g., 
black carbon, methane) using emission reductions generated in LEAP or provided by the 
user 

• This additional benefits assessment capability is being built into LEAP  
• What it will provide: 

▫ Estimated climate, health, agricultural benefits in a particular country of reducing emissions 
anywhere in the world 
 Deaths attributable to PM2.5 and ozone 
 Crop yield losses from ground-level ozone (rice, wheat, soybean and maize) 
 Temperature change and other climate impacts 

▫ Screening-level comparison of magnitude of benefits from different policies, mitigation 
options 

• What it will NOT provide: 
▫ Benefits at finer scales than country-level (e.g., in cities, regions of countries, at an individual 

power plant) 
▫ Finely-resolved, high-confidence comparison of benefits from mitigating different sectors 
▫ Economic benefits and costs (valuation) 

• Currently under development 
▫ Pilot tool is available for four countries: Bangladesh, Colombia, Ghana, Mexico 
▫ Will be developed for other CCAC countries 
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Example Analyses 

Costs and Benefits of Clean Air Act from 1990-2020 

Proposed Clean Power Plan 

National and sector burden assessments 



Example Cumulative Analysis: The Benefits and 

Costs of the Clean Air Act from 1990 to 2020 

• Third study in a series of studies required by Congress 

• Analyzed impacts of 1990 CAA Amendments prospectively 
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http://www.epa.gov/air/sect812/prospective2.html  

• Used the best available 
data and state‐of‐the‐art 
modeling tools and 
methods 

• Extensively peer 
reviewed by EPA’s 
Advisory Council on 
Clean Air Compliance 
Analysis 

 

http://www.epa.gov/air/sect812/prospective2.html


Benefits and Costs of Clean 

Air Act from 1990 to 2020 
Key findings 
• In 2020, the Clean Air Act 

Amendments will prevent over 
230,000 early deaths.  

• Most of the benefits (85%) are 
attributable to reductions in 
premature mortality associated 
with reductions in ambient 
PM2.5. 

• Additional benefits from 
reducing ozone exposure, 
visibility impairment, and 
ecological impacts 

• 30:1 ratio of benefits/costs for 
central estimate 

http://www.epa.gov/air/sect812/prospective2.html  
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http://www.epa.gov/air/sect812/prospective2.html


Example Analysis of a Single 

Regulation: Proposed Clean Power Plan 

• Analytical goal: Estimate the benefits, costs and 
economic impacts of potential actions states may take to 
comply with CO2 emission guidelines 

• Estimated emission impacts of the regulation: 
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Total U.S. Greenhouse Gas 
Emissions by Economic 
Sector in 2012 

▫ By 2030, this rule would help reduce 
CO2 emissions from the electricity sector 
by approximately 30% from 2005 levels 

▫ Also by 2030, reduce SO2 and NOx 
emissions by over 25%, which form 
ambient PM2.5 and ozone 

http://www2.epa.gov/carbon-pollution-standards/clean-power-
plan-proposed-rule 



Proposed Clean Power Plan 

• Findings of the Cost-Benefit Analysis: 

▫ Climate and Health Benefits:$54 billion to $89 billion in 2030 

 Health benefits estimated using benefit-per-ton estimates from 
previous power plant sector modeling and BenMAP 

 Proposal would avoid an estimated 2,700 to 6,600 premature 
deaths and 140,000 to 150,000 asthma attacks in 2030. 

 Climate benefits estimated using social cost of carbon 

▫ Costs: $7.3 billion to $8.8 billion in 2030 

 Estimated using the Integrated Planning Model, which is a 
comprehensive model of the power sector 

 Although retail electricity prices would increase by 3%, average 
bills would decrease 8% due to energy efficiency requirements 
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Example Burden Assessment: Estimating the National 

Risk Attributable to PM2.5 and Ozone in U.S. 
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A Range reflects use of alternate PM and ozone 

mortality estimates 
B Population-weighted value using Krewski et al. (2009) 

PM mortality and Levy et al.  (2005) ozone mortality 

estimates 

Percentage of deaths due to O3 and PM2.5 in 

2005 by county 
Summary of National PM2.5 & O3 

impacts due to 2005 air quality 

Excess mortalities 

(adults)A 130,000 to 340,000 

Percentage of all deaths 

due to PM2.5 and O3
B 6.1% 

Impacts among Children 

ER visits for asthma 

(age <18) 
110,000 

Acute bronchitis     

(age 8-12) 
200,000 

Exacerbation of asthma 

(age 6-18) 
2,500,000 

Source: Fann N, Lamson A, Wesson K, Risley D, Anenberg 

SC, Hubbell BJ. “Estimating the National Public Health 

Burden Associated with Exposure to Ambient PM2.5 and 

Ozone.” Risk Analysis; 2012.   



Example Burden Assessment: Change in PM2.5 and 

Ozone-Related Deaths by Sector Over Time in U.S. 
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(Power Plants) 



Additional analyses if you have good 

local-scale data 
• Local-scale analyses – Detroit, Michigan case study 

▫ Wesson K. et al. (2010). “A multi-pollutant, risk-based approach to air quality 
management: Case study for Detroit.” Atmospheric Pollution Research, 1:296–
304.  

• Distributional/equity analyses 
▫ Fann, N. et al. (2011). “Maximizing Health Benefits and Minimizing Inequality: 

Incorporating Local-Scale Data in the Design and Evaluation of Air Quality 
Policies.” Risk Analysis, 31: 908–922. 

▫ Levy, J. et al. (2009). “Evaluating Efficiency-Equality Tradeoffs for Mobile Source 
Control Strategies in an Urban Area.” Risk Analysis, 29: 34–47.  

▫ Levy, J. et al. (2002). “The importance of population susceptibility for air 
pollution risk assessment: a case study of power plants near Washington, DC.” 
Environmental Health Perspectives, 110(12): 1253–1260. 

• Important considerations for local-scale analyses 
▫ Hubbell, B. et al. (2009). “Methodological considerations in developing local-

scale health impact assessments: balancing national, regional, and local data.” Air 
Quality, Atmosphere & Health, 2 (2):  99-110. 
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Lessons Learned 



What has USEPA learned? 
• US air quality regulations under the Clean Air Act have been very 

effective in reducing air pollution with very high benefits at lower 
costs than anticipated 

• USEPA invested considerable time and resources in developing 
tools and conducting benefit-cost analyses 

▫ This information is very useful to USEPA and the public 

▫ Methods can be complex and controversial 

▫ Costs are often easier to quantify than benefits 

▫ Most benefits remain unquantified 

• Different pollutants and sources have different impacts on 
population exposure 

▫ Fine particles (PM2.5) are a major public health burden in the U.S. and 
globally 

▫ Growing interest in local-scale analyses, international, and  
distributional analyses 

• Importance of using transparent, peer-reviewed methods 

38 



Hurdles 

• Analytical / Conceptual: 

▫ Prospective or retrospective? 

▫ General scenario or specific scenario? 

▫ National-level results or detailed, local-scale results? 

 

• Data availability: 

▫ Detailed emissions inventory? 

▫ Air quality monitors? 

▫ Photochemical air quality modeling?  

▫ Baseline health and mortality rates? 

▫ Detailed spatial resolution of all data? 

▫ Epidemiology and economic valuation studies? 

▫ Comparable information on costs and benefits? 
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Contact Information 

Amy Lamson 

lamson.amy@epa.gov  

(919) 541-4383 
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Appendix 



Selecting PM2.5 Mortality Studies 
• Based on these considerations, EPA applies risk coefficients 

from two cohorts 

▫ American Cancer Society cohort: Krewski et al. (2009) 

▫ Harvard “Six Cities” cohort: Lepeule et al. (2012) 
 

• According to EPA’s science advisors, these cohorts are widely 
cited and well-studied with extensively reviewed data sets  

▫ Re-evaluated by Health Effects Institute 

▫ Because both cohorts have inherent strengths and weaknesses, 
we present benefits estimates as a range  

 

• EPA also applies alternate risk estimates 

▫ Expert elicitation on PM2.5-related mortality 
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Deriving a Health Impact Function from 

the Epidemiology Literature 

Ln(y) = Ln(B) + ß(PM) 

Incidence  

(log scale) 

PM concentration 
Ln(B) 

∆ Y = Yo (1-e -ß∆ PM) * Pop 

 

ß - Effect estimate 

Yo – Baseline Incidence 

Pop – Exposed population 

Health impact function 

Epidemiology study 
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∆PM – Air quality change 



The U.S. Air Quality Management 

Process in Concept 

IMPLEMENT CONTROL 

PROGRAMS 

IMPLEMENT CONTROL 

PROGRAMS 

ESTABLISH 

GOALS 

ESTABLISH 

GOALS 

DESIGN CONTROL 

STRATEGIES 

DESIGN CONTROL 

STRATEGIES EVALUATE 

RESULTS 

EVALUATE 

RESULTS 

 Scientific Research 

DETERMINE NECESSARY 

REDUCTIONS 

DETERMINE NECESSARY 

REDUCTIONS 
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The U.S. Air Quality Management 

Process in Practice 

Science 

Review/ 
Synthesis 

Policy  
Assessment 

Proposed 
Rule 

Interagency Review 

Public Comment 

Final  
Rule 

Legal Challenges 

Congressional  
Review 

Regulatory  
Impact  
Analysis 

Risk Analysis 

Policy 
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The Science-Based Assessments that 

Support Ambient Standard-Setting 

Integrated Science Assessment 
• The scientific foundation for ambient 

air quality standards 
• Synthesizes the most recent clinical, 

toxicological and epidemiological 
evidence 

• Assesses the coherence in this evidence 
• Examines U.S. and non-U.S. evidence 
• Determines whether pollutant is 

causally related to health endpoint 

Policy Assessment 
• Bridges the gap between 

science and policy 
• Synthesizes the 

“evidence” and the risk 
for the Administrator 

Risk Assessment 
• Draws upon 

epidemiological evidence in 
the integrated science 
assessment 

• Quantifies the risks to 
human health and the 
environment of recent air 
quality 

• Estimates the reduction in 
risk if air quality were to 
improve 
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Trends in the Levels of 5 Criteria Pollutants 

relative to U.S. National Standards (1990-

2010) 
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Source: USEPA, 2012,  
Our Nation’s Air: Status and Trends through 2010 



EPA’s Methods are Peer-Reviewed 

• EPA’s methods for characterizing the human health benefits of air 
quality improvements have received extensive external review, 
including 

▫ The National Academies of Science (2002, 2008) 

▫ Multiple panels of EPA’s independent Science Advisory Board (CASAC, 
Advisory Council, EEAC) 

▫ Peer-reviewed scientific literature 

▫ Every RIA is available for public comment 

 

• Individual components have also been independently peer-reviewed, 
including 

▫ BenMAP program 

▫ Epidemiology studies 

▫ Economic valuation studies 

▫ EPA’s integrated science assessments 
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Transparency 

• Health Benefits Analysis 

▫ All data inputs described in RIA 

▫ Rationale for all analytical decisions 

▫ Comprehensive uncertainty characterization 
 

• BenMAP Program 

▫ Available for free download 

▫ Open source version in development 

▫ Detailed program manual online 

▫ EPA’s settings available for download 

▫ Training courses available 

▫ Audit trail generated with each analysis 
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Discounting 

• Discounting is used to express future streams of costs and benefits 
in terms of present value. 

• The discount rate used to calculate present value of a future benefit 
reflects the return that could have been earned if that benefit had 
been invested today. 

• USEPA uses discount rates of 3% and 7%. 

▫ 3% is an approximation of the social  rate of time preference, based on 
the real rate of return on long-term government debt . 

▫ 7% is an estimate of the average before-tax rate of return to private 
capital in the U.S. economy.  

▫ Climate benefits use different discount rates to reflect intergenerational 
concerns (2.5%, 3%, 5%, 3% (at 95th percentile)). 

• All costs and benefits are expressed in the same dollar year and for 
the same analysis year. 
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