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Preface

This report presents the results of a RAND Corporation study for the Heinz Endow-
ments. The study sought to better characterize the links between air quality and eco-
nomic development to help understand how improving air quality in the Pittsburgh
region could affect local economic growth. The findings presented here are based on
a review of the existing, national studies on links between air quality and economic
growth and on an extrapolation of some of those results to the Pittsburgh region;
the findings were also informed by discussions with individuals engaged in economic
development and air pollution policy from the private, public, and nonprofit sectors.
The findings should be of interest to local policymakers, individuals, and organizations
working in the areas of economic development and environmental policy.

The RAND Environment, Energy, and Economic Development Program

The research reported here was conducted in the RAND Environment, Energy, and
Economic Development Program, which addresses topics relating to environmental
quality and regulation, water and energy resources and systems, climate, natural haz-
ards and disasters, and economic development, both domestically and internationally.
Program research is supported by government agencies, foundations, and the private
sector.

This program is part of RAND Justice, Infrastructure, and Environment, a divi-
sion of the RAND Corporation dedicated to improving policy and decisionmaking
in a wide range of policy domains, including civil and criminal justice, infrastructure
protection and homeland security, transportation and energy policy, and environmen-
tal and natural resource policy.

Questions or comments about this report should be sent to the project leader,
Henry Willis (Henry Willis@rand.org). For more information about the Environ-
ment, Energy, and Economic Development Program, see http://www.rand.org/energy
or contact the director at eeed@rand.org.


mailto:Henry_Willis@rand.org
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mailto:eeed@rand.org
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Summary

Although Pittsburgh, Pennsylvania, is still often referred to as the “Steel City,” the
region has diversified its industrial base toward service-oriented industries, such as
education and health care. At the same time, the Pittsburgh region’s air quality has
improved during the past several decades. But although industrial soot no longer blots
out the sun, the region still faces challenges with air pollution. For example, Pittsburgh
remains out of compliance with some of the National Ambient Air Quality Standards
(NAAQS) for criteria air pollutants set by the U.S. Environmental Protection Agency
(EPA). In addition, EPA’s national-scale air toxicity assessment indicates that Allegh-
eny County (in the Pittsburgh metropolitan statistical area [MSA]) ranked 63 out of
3,141 U.S. counties in overall cancer risk, 123 in overall neurological risk, and 327 in
respiratory risk related to air toxicity (EPA, 2013¢).!

The primary reason to improve air quality is to achieve better health outcomes,
such as reduced instances of bronchitis, asthma, and premature mortality. Improving
air quality has its costs, including the capital and operation and maintenance costs to
businesses that are required to install pollution control equipment, as well as the costs
of regulations related to improved fuel economy. Despite some controversy over the
exact nature of the costs and benefits, the total value of benefits from major clean air
legislation has been shown to exceed the costs substantially (EPA, 2011a).

It is also possible that improving air quality may affect the economic performance
of a local area, by improving the health of the workforce, contributing to overall qual-
ity of life, affecting business costs (via the impacts of local air quality on local regula-
tions), or through other channels. This report examines the relationship between air
quality and economic growth through three pathways:

e Pathway 1: Health and related workforce issues and costs. This effect links
air quality to the health of the local population and subsequently to effects on
the health and productivity of the local workforce. Workforce productivity and
health can affect business costs and productivity, and thus local economic growth.

' These rankings include risks based on air toxics, not criteria air pollutants. Note that a lower number indicates

a higher risk; a ranking of 1 would indicate the county with the highest risk.

Xi
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Figure S.1

The Pittsburgh Metropolitan Statistical Area
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* Pathway 2: Quality-of-life issues and location decisions. Air quality may
affect quality of life for residents, either directly or through health effects. In
turn, quality of life may influence business and residential location decisions, thus

affecting growth.

* Pathway 3: Air quality regulations and business operations. The stringency
of national air quality regulations varies with local air quality. Local areas with
better air quality face less stringent regulations, and that affects cost and location

decisions for certain businesses.

How air quality influences local economic growth through each of these path-
ways and how this information is relevant to the Pittsburgh region are critical but
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seldom-addressed questions. Discussions of air quality improvements often focus on
health outcomes (on the benefit side) and direct costs (on the cost side). By highlighting
some of the links between improved air quality and impacts on workforce productivity,
individual relocation decisions, and business operations, policymakers, local organiza-
tions, and others interested in air quality and local growth in the Pittsburgh region and
elsewhere can engage in a new kind of dialogue that more directly links environmental
and economic well-being.

Study Methods

The three pathways were identified through a rigorous review of existing economic
and environmental literature. The evidence for each pathway was assessed based on
the literature review. Pathways 1 and 3 were then examined quantitatively by extrapo-
lating results from existing studies to the Pittsburgh region, to provide a sense of the
local economic value associated with achieving the NAAQS. For pathway 1, improve-
ments were estimated using several health-related metrics that would be associated
with improving air quality to meet the NAAQS. For pathway 3, the fact that areas that
fail to meet the NAAQS face more-stringent air quality regulations, which, in turn,
affect business location and operation decisions, was considered. The changes in the
number of establishments, employment, and output in selected industries that would
be associated with meeting the NAAQS were estimated.

In order to assess pathway 2, as well as specific aspects of pathways 1 and 3, the
team conducted semistructured interviews with representatives of 27 organizations in
the Pittsburgh region and elsewhere. Interviewees included representatives of 11 firms
in pollution-intensive and non—pollution-intensive industries and universities; eight
community groups and academics; three government agencies involved in both envi-
ronment and development issues; and five local and national site selection firms and
recruiters.

How Does Air Quality Affect the Health of the Local Population?

For pathway 1, reducing concentrations of particulate matter less than 2.5 microns in
diameter (PM, ) from 2012 levels to the current NAAQS would be associated with
health improvements valued at approximately $488 million (Table S.1). Similarly,
reducing ozone concentrations from 2012 levels to the NAAQS would be associated
with health improvements valued at $128 million (Table S.2). These values are driven
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Table S.1
Annual Effect of Meeting the Particulate Matter Standard on
Key Health Endpoints in the Pittsburgh Metropolitan Statistical

Area

Incidence Mean

(number of Valuation

Endpoint avoided cases) ($ thousands)
Acute bronchitis 72 27
Acute myocardial infarction 9 446
Asthma exacerbation 1,526 238
Chronic bronchitis 42 6,405
Emergency-room visits, respiratory 38 10
Hospital admissions, 16 414
cardiovascular
Hospital admissions, respiratory 18 402
Adult mortality 89 486,185
Upper-respiratory symptoms 1,323 35
Work loss days 7,243 857
Total 487,793

SOURCE: Authors’ calculations using EPA’s BenMAP software, with
ambient air quality values updated to reflect 2012 concentrations in the
Pittsburgh MSA.

NOTE: The total valuation is based on a Monte Carlo simulation of the
underlying results for each endpoint and is therefore not equal to the
sum of the individual valuations. The selection of endpoints relies on
EPA's selection of epidemiological studies available in BenMAP.

largely by the values associated with reduced premature adult mortality.? Estimates for
ozone are based on the current NAAQS of 75 parts per billion (ppb), but it should be
noted that, in 2010, EPA proposed lowering the NAAQS to 60 to 70 ppb and sub-
sequently drafted documents for a revised standard of 70 ppb. As of October 2013,
however, EPA reported that it was continuing its five-year review of the NAAQS (EPA,
20130).

Meeting the NAAQS for PM, | would include improvements in a health-related
metric that may be particularly sahent to local business: work-loss days. In addition,
meeting the NAAQS for ozone would reduce school-loss days, which, in turn, reduces
work-loss days. In Table S.2, one school-loss day is valued at the lost wages that a parent
faces from taking time off to care for a sick child. The team confirmed that these find-

2 Our estimates were developed using BenMAP, a geographic information system—based program provided by

EPA.
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Table S.2
Annual Effect of Meeting the Ozone Standard on Key Health
Endpoints in the Pittsburgh Metropolitan Statistical Area

Incidence Mean

(number of Valuation
Endpoint avoided cases) ($ thousands)
Emergency-room visits, respiratory 14 5
Hospital admissions, respiratory 26 832
Mortality 18 128,267
School loss days 5,600 566
Total 127,635

SOURCE: Authors’ calculations using EPA’s BenMAP software, with
ambient air quality values updated to reflect 2012 concentrations in the
Pittsburgh MSA.

NOTE: The total valuation is based on a Monte Carlo simulation of the
underlying results for each endpoint and is therefore not equal to the
sum of the individual valuations. The selection of endpoints relies on
EPA's selection of epidemiological studies available in BenMAP.

ings were robust to a range of assumptions about the baseline incidence rates of work-
and school-loss days.

How Do Air Quality Regulations Affect Business Operations?

For pathway 3, existing evidence indicates that, if an area is not in attainment with the
NAAQS (called nonattainment), firms in certain regulated industries may find it more
difficult to locate or to grow in that area. The team drew on results from a national
study showing that counties that are in attainment with the ozone NAAQS have more
establishments in regulated industries. By extrapolating these results to Pittsburgh, the
team found that, in the Pittsburgh MSA, being out of attainment with the NAAQS
is associated with approximately eight fewer establishments in regulated industries.
Meanwhile, being out of attainment with the ozone and PM, | NAAQS is associated
with approximately 1,900 and 400 fewer jobs, respectively, and with $229 million and
$57 million less in output from regulated industries, respectively (Table S.3).

The analysis presented here is subject to certain limitations. First, when extrapo-
lating national results to the Pittsburgh region, the team assumed that the relationship
between air quality or air quality regulations and the percentage change in a metric
that was identified in the literature could be applied to the Pittsburgh region. Those
percentage changes were then applied to Pittsburgh-specific baseline data on the met-
rics. This assumption is consistent with the way in which health benefit estimates are
typically constructed (EPA, 2011a). Second, it should be noted that coming into com-
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Table S.3
Estimated Effect of Not Being in Attainment on Regulated Industry
Outcomes in the Pittsburgh Metropolitan Statistical Area

Estimated

Reduction in

Estimated Fewer Output from
Establishments Estimated Fewer Regulated

in Regulated  Jobs in Regulated Industries in the
Industries in the Industries in the Pittsburgh MSA

Pollutant Pittsburgh MSA  Pittsburgh MSA ($ millions)
Ozone 8 1,914 to 1,946 229
TSP Not applicable 413 57

SOURCE: Authors’ calculations based on extrapolating estimates from
Henderson (1996) and Greenstone (2002) to the Pittsburgh MSA.

NOTE: TSP = total suspended particulates. Pollutants examined for each
outcome are based on those considered in the underlying studies.

pliance with the NAAQS entails costs on regulated industries; estimating the costs of
coming into compliance was outside the scope of this study.

Summary of Findings

The team did not conduct a cost-benefit analysis and thus cannot make specific policy
recommendations. However, the project did elicit three significant findings:

Improved local air quality would have substantial health-related benefits for
the Pittsburgh region (pathway 1). Meeting the NAAQS can reduce incidences
of various health outcomes, such as premature mortality, emergency-room visits,
and work-loss days. This could result in an annual benefit of $128 million for
reducing ozone from 2012 levels to the NAAQS or of $488 million for reducing
PM, ; from 2012 levels to the NAAQS.

Cleaner air may affect workers’ location decisions (pathway 2). There is sug-
gestive evidence that people “vote with their feet” to live in places with cleaner air,
particularly when it comes to local relocations. Although there is less empirical
evidence on how air quality affects intercity migration decisions, the team’s stake-
holder interviews offered anecdotal evidence that recruiters use all possible tools
when convincing potential employees to move to a particular city. The fact that
the Pittsburgh region does not meet national air quality standards thus removes
one potential tool from recruiters’ toolkits. Encouraging local human resource
departments in Pittsburgh-area firms to gather information from applicants about
what factors played a role in their decisions to accept or reject an offered job or
using recruiting or survey data to examine the reasons that candidates from other
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parts of the country would or would not be willing to consider taking a job in the
Pittsburgh region could be important next steps in understanding the impacts of
the Pittsburgh region’s air quality on its potential to attract future residents.

Businesses in regulated industries may have an easier time locating and
growing in the Pittsburgh region once air quality standards are met (path-
way 3). Although regulated industries do face costs associated with improving air
quality, meeting the NAAQS can make it easier for businesses in regulated indus-
tries to locate and operate in the Pittsburgh region in the long run. In the Pitts-
burgh region, being designated as in attainment with the NAAQS ozone stan-
dard would be associated with eight more establishments, 1,900 more jobs, and
$229 million more output in regulated industries; being in attainment with the
NAAQS PM,  standard would be associated with 400 more jobs and $57 million

more in output from regulated industries.
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CHAPTER ONE
Introduction

Historically, Pittsburgh was a stronghold of the iron and steel industries in the United
States and was known first as the Iron City and then as the Steel City. The city’s popu-
lation grew from 322,000 in 1900 to more than 675,000 by 1950, but subsequently
declined, as did the local iron and steel industries. Although manufacturing remains an
important component of the local economy, Pittsburgh has more recently diversified its
industrial base toward more service-oriented industries, such as education and health
care. In 2010, the city’s population was approximately 306,000, while the Pittsburgh
metropolitan statistical area (MSA) had an estimated 2.4 million residents (“Pitts-
burgh,” undated). Mean household income in the MSA was approximately $68,000
in 2012, while per capita income was $29,000 (U.S. Census Bureau, 2012c¢). The top
four industries in terms of employment in 2011 were health care and social assistance
(18 percent); retail trade (12 percent); accommodation and food services (9 percent);
manufacturing (9 percent); professional, scientific, and technical services (7 percent);
and educational services (6 percent) (U.S. Census Bureau, 2012b). In terms of output,
the largest industries in 2007 were wholesale trade, manufacturing, retail trade, and
health care and social assistance (U.S. Census Bureau, 2012c¢).

Concurrently with a shift toward a more service-oriented economy, and similar
to many other cities in the United States, the Pittsburgh region has also seen improve-
ments in its air quality during the past several decades. However, the Pittsburgh region
remains out of compliance with key requirements of the Clean Air Act.

The Clean Air Act was originally passed in 1970 “to protect and enhance the
quality of the Nation’s air resources so as to promote the public health and welfare and
the productive capacity of its population” (42 USC 7401). It was subsequently amended
in 1977 and 1990. One of its central provisions requires the U.S. Environmental Pro-
tection Agency (EPA) to set National Ambient Air Quality Standards (NAAQS) for
common air pollutants, known as criteria pollutants. EPA sets both primary standards,
aimed at protecting human health, and secondary standards, aimed at environmental
issues, such as visibility and damage to crops and buildings. Currently, EPA regulates
six criteria pollutants: carbon monoxide, lead, nitrogen dioxide (NOz), ozone, particle

pollution, and sulfur dioxide (SO,) (EPA, 2012).



2 Links Between Air Quality and Economic Growth: Implications for Pittsburgh

In regulating criteria pollutants, EPA designates areas (typically counties) as being
in attainment or out of attainment (also known as nonattainment) with the NAAQS for
each pollutant. States are required to develop plans, known as State Implementation
Plans, for improving air quality in nonattainment areas and for preventing degradation
in attainment areas. Nonattainment area plans must typically include more-stringent
control measures for new or expanding sources.

In addition to the NAAQS, the Clean Air Act addresses hazardous air pollutants
(HAPs). EPA regulates 187 HAPs based on the weight of scientific evidence suggest-
ing that exposure to these air pollutants may result in serious adverse health outcomes,
including cancer, reproductive and developmental effects, immunological impair-
ments, and neurological and respiratory ailments (EPA, 2013¢). Examples of HAPs
include benzene, dioxin, asbestos, and metal compounds (e.g., mercury, chromium,
cadmium). HAPs may arise from a variety of different sources, including mobile
sources (e.g., cars) and stationary sources (e.g., factories), as well as indoor sources and
consumer products (e.g., building materials, paint, cleaning solvents).

Other provisions of the Clean Air Act specifically address acid rain, ozone-
depleting substances, and haze that impairs visibility in national parks.

Criteria Pollutants in the Pittsburgh Region

Most of the seven-county Pittsburgh MSA is out of attainment with the NAAQS for
two criteria pollutants: ozone and particulate matter. In addition, smaller areas within
the region are also out of attainment with the NAAQS for sulfur dioxide and lead.

The entire seven-county Pittsburgh MSA is designated as a single nonattainment
area (called the Pittsburgh—Beaver Valley area) for ozone (Figure 1.1)." The current
ozone NAAQS is 75 parts per billion (ppb); this standard is applied to the fourth-
highest, daily maximum eight-hour concentration, averaged over three years. EPA
reports these three-year averages as design values and typically uses design values to
determine whether an area is in attainment with the NAAQS. For the Pittsburgh—
Beaver Valley area, the design value for ozone from 2010 to 2012 was 82 ppb, above
the NAAQS of 75 ppb (EPA, 2013f).

Our estimates for ozone are based on the current NAAQS, but we note that, in
2010, EPA proposed lowering the NAAQS to 60 to 70 ppb and subsequently drafted
documents for a revised standard of 70 ppb. As of October 2013, however, EPA reported
that it was continuing its five-year review of the NAAQS (EPA, 2013i).

Nearly all of the MSA is also out of attainment with the NAAQS for particulate
matter less than 2.5 microns in diameter (PM, ) (Figure 1.2). In the case of PM,,

' The seven counties in the Pittsburgh MSA (Allegheny, Armstrong, Beaver, Butler, Fayette, Washington, and
Westmoreland) are all designated as out of attainment with the 2008 eight-hour ozone standard.
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Figure 1.1
Designated Eight-Hour Ozone Nonattainment Areas in Pennsylvania and Neighboring
States, 2008 Standard
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most of the MSA falls under the Pittsburgh—Beaver Valley nonattainment area; how-
ever, the Lincoln, Clairton, Glassport, Liberty, and Port Vue boroughs in Allegheny
County make up the Liberty-Clairton nonattainment area, which has typically expe-
rienced higher PM, | concentrations than the surrounding areas.? The current nonat-
tainment designations for PM, ; are based on the 2006 annual standard of 15 micro-
grams per cubic meter (ng/m?) (applied to the mean, averaged over three years) and a
daily standard of 35 pg/m’ (applied to the 98th percentile, averaged over three years).
However, the annual standard was lowered to 12 pg/m? in 2012.

2 The Pittsburgh—Beaver Valley PM, ; nonattainment area includes Allegheny County (except for the boroughs
that are in the Liberty-Clairton nonattainment area); Elderton, Plumcreek, and Washington Townships in Arm-
strong County; Beaver County; Butler County; Washington County; and Westmoreland County. In addition,
the area includes two townships outside of the Pittsburgh MSA (Monongahela Township in Greene County and
the township of Taylor, south of New Castle City, in Lawrence County).
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Figure 1.2
Designated PM, ; Nonattainment Areas in Pennsylvania, 2006 Standard
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As shown in Table 1.1, for Liberty-Clairton, the 20102012 design value for daily
PM, . was 43 pg/m’, substantially above the daily standard of 35 pg/m’. The 2010
2012 design value for daily PM, _ in Pittsburgh—Beaver Valley, 33 pg/m?, was just
below the NAAQS. In addition, the 20102012 design value for annual PM, , in the
Liberty-Clairton nonattainment area was 14.8 pg/m’, while the annual design value
for the Pittsburgh—Beaver Valley nonattainment area was 12.6 pg/m® (EPA, 2013g).
Although these annual values are at or below the previous NAAQS of 15 pg/m?, each
is above the current standard of 12 pg/m’. EPA will not formally make the nonat-
tainment designations until 2014, but the 2010-2012 design values suggest that both
regions would have been considered out of attainment based on the last three-year
cycle.
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Table 1.1

Design Values for 2010-2012 for Two PM, ,
Nonattainment Areas in the Pittsburgh Metropolitan
Statistical Area, Micrograms per Cubic Meter

Liberty- Pittsburgh-
PM, ; Measure NAAQS Clairton Beaver Valley
Daily 35 43 33
Yearly 12 14.8 12.6

SOURCE: EPA, 2013g.

The ozone and PM, , NAAQS are health-based, meaning that the standards are
set using protection of pubhc health as the guiding decision criterion. Exposure to
ozone is associated with exacerbation of asthma and respiratory illness, hospital admis-
sions and emergency-department visits for respiratory causes, school absences, and
mortality. The majority of ground-level ozone is formed from photochemical reactions
between volatile organic compounds (VOCs) and nitrogen oxides (NO ). VOCs are
emitted from multiple sources, including chemical plants, gasoline pumps, and paints.
Major sources of NO_ include power plants and mortor vehicles (EPA, 2013a). PM,
is associated with numerous health effects, including acute and chronic bronchitis,
asthma exacerbations, hospital admissions, and upper respiratory symptoms. In addi-
tion, evidence indicates that PM, | is associated with cardiovascular disease, mortal-
ity from cardiovascular and respiratory causes, and work-loss days (WLDs). PM, ,
or fine particulate matter (PM), is a mixture of particles and liquid droplets found in
air that are less than 2.5 microns in diameter. The small size of fine PM is a concern
because of the particles” ability to penetrate deeply into the lungs. Major PM, . sources
include fuel combustion from motor vehicles, diesel-powered vehicles, power plants,
and industrial processes (EPA, 2009).

Hazardous Air Pollutants in the Pittsburgh Region

The Pittsburgh region also experiences high concentrations of toxic air pollutants, or
HAPs. In a 2009 report, Carnegie Mellon University (CMU) researchers detailed
the results of an analysis of adverse health effects expected in the Pittsburgh region
due to pollutant exposures for 65 air toxics (CMU, 2009). The authors performed
risk assessments comparing four monitoring sites and estimated both lifetime cancer
risks and noncancer hazard quotients (HQs) (the ratio of potential exposure to a sub-
stance and the level at which no adverse effects are expected to occur) for individual
and grouped toxics: organics, metals, polycyclic organic matter, and diesel particulate
matter (DPM). Of these four classes, DPM showed the greatest cancer risks overall
(across all four sites), and the highest risks were found in the downtown Pittsburgh
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monitoring site. Additive cancer risks for all pollutant classes exceeded the one-in-
1-million threshold (one cancer case per 1 million population) that EPA typically uses
as guidance for determining acceptable population risk. Additive risk for DPM in the
downtown Pittsburgh site was estimated to be as high as one in 1,000. Noncancer
health risks were determined through calculation of HQs: HQs greater than 1 indicate
that adverse health effects are possible. Only one air toxic, acrolein, was estimated to
pose a chronic noncancer risk to health.

EPA uses the National-Scale Air Toxics Assessment (NATA) to identify and pri-
oritize air toxics, emission sources, and locations that may be of concern. In the 2005
NATA (EPA, 2013c), Allegheny County ranked 63rd out of 3,141 U.S. counties in
overall air toxics—related cancer risk, 123rd in overall neurological risk, and 327th in
respiratory risk. These rankings include risks based on air toxics, not criteria air pollut-
ants. Note that a lower number indicates a higher risk; a ranking of 1 would indicate
the county with the highest risk.

Aims of This Report

The primary reason to improve air quality is to achieve better health outcomes, such
as reducing instances of bronchitis, asthma, and premature mortality. Other benefits
include improved plant growth, reduced damage to structures, reduced acidification
of freshwater bodies, and improved visibility. Improving air quality also has its costs;
those costs include the direct capital and operation and maintenance costs to busi-
nesses that are required to install pollution control equipment; the costs of meeting the
motor vehicle tailpipe and fuel rules and conducting vehicle inspections; and indirect
costs, such as productivity losses. Despite some controversy over the exact nature of the
costs and benefits, the total value of benefits from major clean air legislation has been
shown to exceed the costs substantially (EPA, 2011a).

It is also possible that improving air quality may affect the economic performance
of a local area, by improving the health of the workforce, contributing to overall qual-
ity of life, affecting business costs (via the effect of local air quality on local regula-
tions), or through other channels.

Ideally, we would like to identify the causal impact of improving local air quality
on local economic growth (measured, for example, in terms of gross regional product).
However, rigorously identifying this effect is challenging because of the complex links
between air quality and economic growth. On one hand, local economic growth may
affect air quality. For example, growth may be driven by an increase in heavy manufac-
turing output with a related increase in emissions or by a shift away from heavy manu-
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facturing toward service industries, which could reduce emissions.? On the other hand,
local air quality could affect economic growth if cleaner air attracts workers to a region.

Our aim was to identify the pathways from air quality to economic growth.
Therefore, given the challenges discussed above, we reviewed the existing literature
and identified three pathways through which local air quality could influence local
economic growth: health and workforce issues, health and quality-of-life issues, and air
quality regulations and business activities. This report addresses these questions: What
evidence exists for how air quality influences local economic growth through each of
these pathways? How might those effects be relevant to the Pittsburgh region?

We extrapolated some of the existing results to the Pittsburgh region, to pro-
vide a sense of the economic value associated with achieving the NAAQS. For the
health and workforce pathway, we estimated improvements in several health-related
metrics that would be associated with improving air quality to meet the NAAQS.* For
the business activity pathway, we considered the fact that areas that fail to meet the
NAAQS face more-stringent air quality regulations; these regulations have been shown
to affect business location and operation decisions. We therefore estimated changes in
the number of establishments, employment, and output in selected industries as met-
rics for the value of meeting the NAAQS. These benefits must be balanced against the
cost of meeting the NAAQS, which we do not address in this report.

The remainder of this report is organized as follows. In Chapter Two, we describe
the methodology we used in conducting this research, including key limitations.
Chapter Three outlines three key channels through which air quality could influence
economic growth through its influence on firm and individual decisions, and it sum-
marizes our assessment of the existing literature for each of those channels. In Chapter
Four, we present the results of our extrapolation of existing results to the Pittsburgh
region, and Chapter Five concludes. In addition, we provide five appendixes: a sum-
mary of the literature reviewed, our interview protocol, a review of site selection pro-
cesses, detailed health benefit estimates, and industry codes referenced in the report.

3 Another potential way in which growth could affect air quality is if people demand cleaner air as their incomes
rise (in other words, if clean air is a normal good). See, for example, Carson, Jeon, and McCubbin (1997) and List
and McHone (2000), who study the relationship between per capita income and pollution across states.

4 Our estimates were developed using BenMAP, a geographic information system (GIS)—based program pro-
vided by EPA.






CHAPTER TWO

Methodology

We searched the existing literature to identify and assess the evidence for potential
links between air quality and economic growth. We also conducted interviews with
stakeholders in the Pittsburgh region and elsewhere. These interviews complemented
our literature search in two ways. First, we used the interviews to identify whether
there were other critical links we had not yet identified through our literature search.
Second, we used our interviews to gauge which specific links might be most applicable
to the Pittsburgh region.! We then extrapolated evidence from selected studies to the
Pittsburgh region, using baseline outcome data from the local area.

In this chapter, we describe each of these methods, including the associated
limitations.

Literature Review and Synthesis

We conducted targeted searches of relevant academic databases and journals to identify
evidence on existing links between air quality and economic growth. These databases
included Business Source Premier, EconLit, Electronic Collections Online (ECO),
Medline, and Social Sciences Abstracts.

We worked with a RAND research librarian to identify appropriate search strings
for each database. We do not provide an exhaustive list of search terms, but we present
a sample of the types of search strings used:

* (air quality OR air pollution OR clean air) AND (business OR economic growth
OR economy OR employment OR labor OR jobs OR workforce OR location
decision)

* (air quality OR air pollution OR clean air) AND (worker productivity OR work
loss days OR child absent OR school absenteeism OR school loss days)

I For example, there is a substantial literature on effects of air quality on agriculture and forest productivity

(EPA, 2011a). However, given our interviews, we decided not to focus on this link; it is not particularly relevant
to the Pittsburgh MSA.
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* (air quality OR air pollution OR clean air) AND (tourism OR recreation)
* (air quality OR air pollution OR clean air) AND (housing prices OR willingness
to pay OR hedonic).

We tried a variety of permutations using alternative terms for air pollution (e.g.,
“ozone” and “particle pollution”), as well as for outcomes of interest (e.g., “cost of ill-
ness” or “employer health cost”). We modified the search strings as necessary to meet
the requirements of each database.

The titles of potentially relevant articles were entered into a database. Team mem-
bers screened the list of titles and selected potentially relevant articles, for which we
obtained abstracts. We then obtained the full text of articles deemed relevant based on
a review of their abstracts.

We complemented our search of academic databases in two ways. First, once we
had identified relevant articles from academic databases, we conducted a “snowball-
ing” process, in which we identified additional articles based on the reference lists of
relevant studies. During our interviews (discussed below), a few stakeholders also rec-
ommended potential articles for inclusion.

Second, we conducted a search of several nonacademic or “grey literature” sources.
These sources included databases of unpublished academic literature (e.g., working-
paper series from the National Bureau of Economic Research), as well as reports by
government agencies (e.g., EPA, Congressional Research Service) and policy organiza-
tions (e.g., Resources for the Future). We identified material through a search of key
organization websites, as well as a general Google Scholar search using search terms
similar to those listed above.

A full systematic review of the literature was beyond the scope of this study. None-
theless, once we had identified potentially relevant articles, team members reviewed
them based on the “weight of evidence” framework of Gough (2007). The framework
judges the study in three areas:

* weight of evidence A: Is the study well-executed? We considered such factors as
whether the study assumptions are likely to be met, whether there is an assess-
ment of the quality of the data, whether there is a discussion of the possible biases
and their directions, and whether sensitivity analyses are performed.

* weight of evidence B: Is the method used in the study relevant to the link being
examined?

* weight of evidence C: Is the topic focus or context of the study relevant to the link
being examined?

For those articles identified as appropriate for inclusion, we captured key elements
of the study in question. Appendix A lists the studies that we included in our assess-
ment of existing evidence, including a summary of the pollutant or regulation studied,
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the key outcomes, the main methods and assumptions, and the key findings. We then
developed a narrative synthesis to summarize our findings from the literature.

Limitations

A key limitation of our literature review is that we may have missed relevant articles,
despite our search of various databases. In addition, because we did not conduct a full
systematic review or a quantitative analysis (such as a meta-regression analysis) of the
evidence for each link, our synthesis of the evidence should be interpreted as provid-
ing guidance about which links might be important for further study, rather than as
rigorous evidence about the magnitude or statistical significance of results associated

with the links.

Stakeholder Interviews

We conducted semistructured interviews with representatives of 27 organizations in
the Pittsburgh region and elsewhere. Interviewees included representatives of 11 firms
in pollution-intensive and non—pollution-intensive industries and universities; eight
community groups and academics; three government agencies involved in both envi-
ronment and development issues; and five local and national site selection firms and
recruiters. Within each organization, we spoke with different people, including human
resource representatives, managers, and environmental specialists. We often spoke with
more than one person within each organization, and the specific questions we asked
were tailored to the interviewee’s role.

The interviews, which typically lasted about an hour, began with a brief introduc-
tion of the study. At the start of each interview, we informed the respondent that his or
her comments were not for attribution to individuals or to the organization he or she
represented. In most cases, two to three members of the research team conducted the
interviews, with one person primarily responsible for taking notes.

The interview protocol is provided in Appendix B. This protocol served as a guide
for semistructured interviews; rather than following a specific order of questioning,
we adapted the questions and discussion to the specific interviewee and his or her
responses. The protocol covered the following areas:

* general perceptions about air quality and economic development

* the extent to which air quality or air quality regulations affect firm location deci-
sions

* the extent to which air quality or air quality regulations affect firms” day-to-day
operations and employment

* the extent to which air quality or air quality regulations affect worker recruiting
or retention, or specific choice of residence
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* the extent to which air quality or air quality regulations affect tourism and broader
regional issues, including ecosystems and agriculture
* links between air quality and regional planning issues, such as transportation.

Limitations

The key limitation of this method is that, even though we aimed to conduct interviews
with a broad range of stakeholders, the interviewees are not meant to be representative
of the local Pittsburgh or national population. Interviewee responses may have been
shaped by personal experience and attitudes about air quality and economic develop-
ment. As such, we did not use the results of our stakeholder interviews in assessing the
evidence for links between air quality and economic growth. Rather, we used the inter-
views to ensure that we had not missed any potentially important links between air
quality and economic growth in our literature search and to identify links that might
be particularly salient for future study in the Pittsburgh region.

Extrapolation of Health Benefit Estimates to the Pittsburgh Region

We used EPA’s Ben MAP 4.0 software to estimate how meeting the NAAQS for ozone
and PM, | would affect key health outcomes and to value those outcomes. BenMAP
is a GIS-based software tool that contains information about air pollution levels, air
pollution—related health effects, and local populations in the United States and that
allows users to estimate the health outcomes and values associated with changing air
quality.

We began by examining the value associated with several major health endpoints,
including reduced premature mortality, respiratory illnesses, and cardiovascular dis-
ease. We then conducted a more detailed analysis of the value associated with two
health endpoints that may have an immediate outcome on local business: WLDs and
school-loss days (SLDs).

We used health impact functions to estimate the expected changes in health out-
comes associated with attaining the standards for PM, . and ozone. Health impact
functions relate changes in outcomes to changes in ambient air concentrations of pol-
lutants. They typically consist of four components: a concentration-response (CR)
function determined from epidemiological studies, a baseline incidence rate for the
outcomes of concern, the estimated change in air pollutant concentrations, and the
affected population numbers. The results from the health impact function are then
combined with valuation data to determine the value of the improved health outcomes.
Each of these steps is described in more detail below.
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Concentration-Response Functions

The CR function is the relationship between the pollutant and the outcome. For exam-
ple, one common assumption in many epidemiological studies is that the relationship
between adverse outcome and PMzAs or ozone pollution is best described as log-linear,
in which the natural logarithm of the outcome response is a linear function of pollut-
ant concentration (Abt Associates, 2012). In this case, the change in number of out-
comes (O) of endpoint / when ambient concentrations (C) of PM, , or ozone change

can be given by

A0’ =[ exp(B’ x AC)=1]x O] x Pop’, @

where 8/ is the CR coefficient of endpoint (e.g., SLD or WLD) and O/ is the base-
line incidence rate of endpoint / in the affected population, Pop’. Because B/ is small,
Equation 1 can be linearized and expressed as the following:

A0’ = B/ x O/ x AC x Pop’ . @

Linear and logistic are other forms that are commonly assumed to describe the
pollutant-outcome relationship.

In our analysis, we relied on EPA’s selection of epidemiological studies for the
choice of the CR functions to use in the benefit analysis (Abt Associates, 2012). EPA’s
selected studies assessed the relationship between PMz_5 and acute bronchitis, acute
myocardial infarction, asthma exacerbation, chronic bronchitis, emergency-room visits
for respiratory illness, hospital admissions for cardiovascular and respiratory illnesses,
mortality, and upper-respiratory symptoms and WLDs; they also assessed the relation-
ship between ozone and emergency-room visits for respiratory illness, hospital admis-
sions for respiratory illnesses, mortality, and SLDs. In general, EPA’s selection of stud-
ies included considerations of the study design and location, characteristics of study
populations, and whether studies were peer-reviewed. Whenever more than one pri-
mary study was identified, we pooled the study-specific estimates of incidence change
by random-effects inverse weighting. The random-effects pooling method takes into
account both within-study and between-study variance in incidence estimation; stud-
ies with lower standard errors are given greater weight in the final pooled estimate.

Baseline Incidence Rates

Baseline incidence rates for health outcomes are needed to translate the relative risk
of the effect, derived from the CR function, to the absolute change in effect, or the
number of avoided cases per year. For our baseline analysis, we used default incidence
rates from BenMAP. For our more detailed analysis of WLDs, we used three separate
incidence rates from BenMAP: the incidence in large MSAs, the Midwest, and the



14 Links Between Air Quality and Economic Growth: Implications for Pittsburgh

Northeast. These data were obtained from the Centers for Disease Control and Pre-
vention’s 2010 National Health Interview Survey (Centers for Disease Control and
Prevention, 2012) and represent ages 18 to 64.

For the more detailed analysis of SLDs, we identified incidence rates from two
sources. First, we drew on the Pennsylvania Department of Education (PDE) child
accounting data files (2008-2009), which include estimates of annual child absences
for all Pennsylvania counties (PDE, 2009). We aggregated county data to determine
SLD incidence for the Pittsburgh MSA. These data are relevant to the whole MSA but
include SLDs for all causes, so they are likely to overestimate SLDs due to respiratory
illnesses. We also gathered data from the Pittsburgh public schools on SLDs due to
medical leave and sickness. Although these data are specific to the city of Pittsburgh
and therefore may not be representative of the MSA, they are likely to be closer to the
SLD rate due to respiratory illness.

Air Pollution Exposure

Selecting Monitor Data and Spatial Interpolation

BenMAP 4.0 includes monitor values for PM, . and ozone from 2000 to 2007. We
uploaded 2012 data for the analysis from EPA’s Air Quality System (EPA, 2013h).
Because monitor data reflect conditions only in very localized areas (i.e., in the areas
near the monitor), we used Voronoi neighbor averaging (VNA) to interpolate monitor
data across unmonitored areas of the Pittsburgh MSA. The VNA algorithm calculates
an inverse-distance weighted average of values from monitors that closely surround
predefined grid areas of a certain size.

Reducing PM, . and Ozone Levels to Standard Levels

To determine the benefits associated with a reduction in PM, | and ozone levels, we
first needed to specify how air quality might improve in the Pittsburgh MSA to achieve
the NAAQS. The NAAQS for PM, | and ozone consist of a standard level, averaging

time, and form:

e yearly PM, .: annual mean standard of 12 pg/m’, averaged over three years

* daily PM, .: 98th-percentile 24-hour value of 35 pg/m?, averaged over three years

* ozone: annual fourth-highest daily maximum eight-hour concentration of 75 ppb,
averaged over three years. EPA recently proposed a lower standard (70 ppb); we
used the current NAAQS because the proposed standard is not final.

To meet the NAAQS, we assumed that the annual mean PM, ; concentration
could not exceed 12 pg/m?, that the 24-hour mean PM, | concentration could not
exceed 35 pg/m’, and that the fourth-highest, eight-hour maximum ozone concentra-
tion could not exceed 75 ppb. We represented attainment metrics in a simplified form
by using the most recent year of data available instead of averaging across three years.
We used a maximum form for the daily PM, | standard instead of the 98th percentile.
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BenMAP offers a range of methods for reducing (referred to as rolling back) out-of-
attainment monitors, including percentage (or proportional), incremental, quadratic,
and peak-shaving. Informed by our discussions with EPA representatives, we decided
to focus our analysis on the percentage-reduction approach because anticipated control
strategies in the Pittsburgh MSA for the next five to ten years (e.g., programs targeting
regional emissions and ozone-precursor emissions) appear to be best modeled by this
approach.?

We then defined baseline and control scenarios in the Pittsburgh MSA for PM,
and ozone. The baseline scenario reflected conditions before any reductions were initi-
ated, while the control scenario was determined using the selected monitor reduction
methods. We set monitor values to the specified standards while accounting for back-
ground pollutant concentrations (pollutant concentrations not attributable to anthro-
pogenic sources). Background pollutant concentrations are assumed to be unaffected
by any air pollution control strategy and are therefore not adjusted using reduction
methods. We assumed a constant background of 3 pg/m’ for PM, . yearly and daily
standard metrics and backgrounds of 0, 40, and 20 ppb for ozone (National Center for
Environmental Assessment, 2006; EPA, 2009).

Affected Populations

We used 2010 U.S. Census Bureau population estimates included in BenMAP. The
affected population for each health endpoint was considered to be all members in
the Pittsburgh MSA of the age group included in the primary study used to estimate
the CR function. For example, the affected population for SLDs includes children

2 For percentage and incremental methods, BenMAP calculates either the percentage or increment necessary
to reduce out-of-attainment values to the standard. To generate values using peak-shaving reduction, BenMAP
truncates all monitor values at the standard. With quadratic reduction, large values are reduced proportionally
more than small values while achieving the standard (Abt Associates, 2012). Although we ran scenarios with all
reduction methods to generate a range of results, we first concentrated primarily on percentage and quadratic as
the most-realistic reduction methods for the Pittsburgh MSA. EPA commonly employs both methods in benefit
analyses, while the selection of the 2006 ozone standard was determined through modeling using the quadratic
approach (EPA, 2008, p. 16467). Between these two reduction methods, it is not always clear which one would
best simulate attainment in a given area (Rizzo, 2005; Hubbell et al., 2005). A suite of control strategies may be
employed at any one time that could have proportional or quadratic effects. In addition, such factors as pollutant
chemistry (e.g., formation, existence and extent of precursors), pollutant fate and transport characteristics, the
presence and types of sources in the area, background concentrations of pollutants, and an area’s topographical
and meteorological characteristics can all act to influence or modify the process through which air pollution is
reduced and attainment reached. In a comparative analysis of percentage and quadratic reductions, Rizzo (2006)
determined that the methods did not vary greatly from each other at sites with a small range of ozone concentra-
tions. In contrast, in areas with large differences between minimum and maximum ozone concentrations, the
two methods diverged. However, in general, a percentage reduction better approximates control strategies that
are broad, regionally focused, and expected to lower pollutant concentrations consistently throughout the area
and over time. In contrast, quadratic reductions better reflect control strategies that might be more local in scope,
target high emitters, or act on a temporary basis.
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between 5 and 17 years old in the Pittsburgh MSA, while the affected population for
WLDs includes adults between ages 18 and 64.

Economic Valuation

To estimate the economic benefits of improved health outcomes, we multiplied the
estimated change in health outcomes by the economic value associated with each out-
come. For most health endpoints, we used the default values in BenMAP. For the
detailed WLD analysis, we instead valued a WLD using the daily median wage in the
Pittsburgh MSA, taken from the Bureau of Labor Statistics for 2011 (eight times the
hourly median wage of $16.45, or $131.60 per day) (Bureau of Labor Statistics, 2011a).
For the detailed SLD estimates, we followed EPA methodology but updated the values
using more-recent data. SLDs were valued by determining (1) the total number of
single, married, and other (e.g., widowed) women in the workforce with children in
2009 and (2) the labor force participation rate of each category of women with chil-
dren (U.S. Census Bureau, 2012a). These estimates were combined to generate the
participation rate of women with children in the workforce in 2009 (71.7 percent). We
then determined the median weekly wage among women 25 and older in 2010 ($704
per week) (Bureau of Labor Statistics, 2011b) and divided by 5 to obtain the median
daily wage. The expected loss in wages due to a child missing a day of school is esti-
mated as the probability that a mother is in the workforce multiplied by the daily wage
she would lose if a working day was missed, which came out to $101 (Abt Associates,
2012).3

Limitations

There are several limitations and uncertainties inherent in our estimates of incidence
changes from the health impact function and economic valuations. These generally
lie in the following areas: air pollution exposure and health response parameters and
economic valuations.

Air Pollution Exposure

One uncertainty in exposure estimation is found in the spatial interpolation method
employed. Because we did not use modeling data to determine distributions of ozone
and PM, ; across the Pittsburgh MSA, our approach calculates benefits based solely
on monitor data. Monitor data cannot account for individual-level exposure or varia-
tions in exposure across time and space. The VNA approach uses a relatively simple
inverse distance weighting in which the further a monitor is from a specified grid-
cell point, the less weight is placed on its metrics. However, this approach does not

3 Determining which parent would be more likely to stay home with a sick child is beyond the scope of our
study. We therefore followed the standard EPA assumption that a mother will stay home with a sick child. Note
that the overall median wage was approximately 11 percent higher than the female median wage in 2010, so our
assumption may underestimate the cost of SLDs if a father stays at home instead.
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take into account meteorology (temperature, humidity), terrain, precursor emissions,
or other factors that an air quality model can incorporate. It is possible that our results
do not capture the full range of benefits because numerous studies have shown that
monitor data tend to underestimate personal exposures (Bell, 2006). However, without
an adequate understanding of the spatial gradients in air pollution across the Pitts-
burgh MSA, it is difficult to determine whether monitors are under- or overestimating
true exposures. In addition, the results of our analysis do not capture the uncertainty
inherent in the air quality control scenarios. Standard deviations and percentile points
around the benefits are determined through variability measures related to the CR
functions and economic valuations.

Response Parameters and Economic Valuations

There are two levels of uncertainty associated with baseline incidence rates, CR func-
tions, and economic valuations. The first level applies to the estimates themselves—
how they were originally derived and the degree to which they represent the phenom-
ena they are measuring. One particular challenge is that the SLD incidence data are
based on all-cause absenteeism (for the Pittsburgh MSA data) or on medical leave and
sickness absenteeism (for the Pittsburgh-only data). We were unable to identify a data
source that estimated SLDs specifically associated with air quality—related respiratory
illness. Therefore, our analysis likely overestimates the impact of reduced PM, . on
SLDs.

The second level of uncertainty applies to the degree to which the estimates are
representative of the Pittsburgh MSA. For the detailed WLD and SLD analyses, where
possible, we tried to use local-level data (e.g., SLD incidence, Pittsburgh MSA median
wage data). Overall, if the Pittsburgh MSA differs in key ways from the populations
that were used to derive the CR functions that would affect the exposure-response rela-
tionship, then the CR functions may not be applicable.

Finally, these estimates represent the mean or median of the population and may
not adequately capture finer variations in response parameters. Certain subpopulations

may be more sensitive to PM_ . or ozone effects and may thus show greater health gains

25
due to air pollution reductions. We are unable to quantify or characterize subgroup

effects in the present analysis.

Extrapolation of Effects of Nonattainment Status to the Pittsburgh
Region

We drew on findings from national studies of nonattainment status to address the
question: If Pittsburgh were in attainment with the NAAQS, what would be the effect
on the number of local establishments, employment, and output? We extrapolated
estimates from two studies that consider the effects of nonattainment status on indus-
try outcomes at a national level to the Pittsburgh region, using local data on baseline
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values of establishments, employment, and output. These studies identify the effects of
nonattainment status by comparing counties that are in attainment with those that are
not in attainment, focusing on pollution-intensive industries.

In this section, we describe our methodology for these extrapolations and the
associated limitations.

Number of Establishments
To estimate the effect of nonattainment status on the number of establishments, we
drew on results from Henderson (1996). He compares changes in the number of estab-
lishments in five polluting industries in counties that are not in attainment for ozone
with counties that are in attainment for ozone. Drawing on data from 1978 to 1987, he
controls for county-specific characteristics that do not change over time and identifies
the effect of nonattainment status by examining changes within individual counties
over time. He finds that being in attainment for three or more years is associated with
a 6- to 9-percent increase in the number of establishments in the organic chemicals,
petroleum refining, plastic materials, and miscellaneous plastics industries; there is no
statistically significant change in the number of establishments in the steel industry.
To extrapolate these effects to the Pittsburgh region, we collected data on the
number of establishments in these industries in the Pittsburgh MSA from the 2010
County Business Patterns survey of the U.S. Census Bureau. We then multiplied the
estimated effect for each industry by the number of establishments in that industry.
To estimate the associated change in payroll, we also multiplied the estimated
change in the number of establishments by average payroll per establishment in that
industry.* Average payroll per establishment was calculated by dividing, for the relevant
industries, the total payroll value by the total number of establishments in the Pitts-
burgh MSA. Because payroll information was not available for the full set of industries
under consideration, we based our payroll estimate data on information about the rel-
evant industries for which data were available.’

Employment and Output

To estimate the effect of nonattainment status on employment, we used results from
Greenstone (2002). Greenstone compares changes in employment, capital stock, and
output (the value of shipments) from polluting industries in counties that are out of
attainment with changes in counties that are in attainment for ozone, total suspended
particulates (TSP), sulfur dioxide, or carbon monoxide. Drawing on data from 1967 to

4 We note that payroll is perhaps more closely linked with output than with the number of establishments;
however, the underlying study by Henderson focused on number of establishments, and we provide the payroll
numbers only to provide a different sense of the magnitude of the effect.

> Because of data privacy issues, the census does not provide average payroll data for certain industries at the

MSA level.
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1987, Greenstone controls for plant-specific characteristics and identifies the effects of
nonattainment status by examining changes within plants over time. In addition, he
compares polluting industries and nonpolluting industries, which helps to control for
county-specific trends.

We focused on the two criteria pollutants for which most of the Pittsburgh MSA
is out of attainment: ozone and PM, .. Because the Greenstone (2002) study is based
on years in which particulates were regulated as TSP, we assumed that the effect is
the same for PM, ; (a subset of TSP). When controlling for plant-specific character-
istics, Greenstone (2002) finds that ozone nonattainment status is associated with a
4.9-percent reduction in employment in a statistically significant manner. TSP nonat-
tainment status is also associated with a 2.4-percent reduction in employment, while
ozone and TSP nonattainment status are each associated with 3.2-percent reductions
in output, although these results are not statistically significant.

We combined study results with U.S. Census Bureau estimates of employment in
2010 and output (measured as the value of shipments) in 2007, for industries covered
in the study, in the Pittsburgh MSA. This provided us with a rough estimate of the
relationship between being designated as out of attainment for ozone and PM, | and
employment and output in pollution-intensive industries (relative to non—pollution-
intensive industries). We also estimated the effect on payroll in the same manner as

described above for the Henderson (1996) study.

Limitations
We selected the Henderson (1996) and Greenstone (2002) studies for our extrapolation
because they exploit the variation across counties and over time in attainment status
to identify the effect of ozone and particulate matter pollution on local economic out-
comes while controlling for other time-invariant, county-specific factors that might be
correlated with nonattainment status and growth. However, there are limitations asso-
ciated with the studies themselves and with the extrapolation to the Pittsburgh region.
First, because of the nature of the regressions in these studies, they are limited
to examining pollution-intensive industries (and, in the case of Greenstone, 2002, the
results are for pollution-intensive industries relative to non—pollution-intensive indus-
tries). To the extent that there are spillovers to non—pollution-intensive industries,
these effects will not be captured. Second, both of these studies are based on national
estimates; there are reasons that the national results may not apply to the Pittsburgh
region. One potential reason is that the studies identify industries that are heavy pol-
luters at the national level. To the extent that these industries have a larger or smaller
share of major emitters in the Pittsburgh region than they have nationally, the effects
may be larger or smaller. We examined the extent to which this could be a concern
using EPA’s Air Facility System database of permitted facilities. For the industries iden-
tified by Henderson (1996) and by Greenstone (2002) as major ozone sources, the ratio
of major emitters to total permitted facilities for ozone precursors (NO_and VOCs) is
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similar in the Pittsburgh MSA and nationally. However, for the industries identified by
Greenstone (2002) as major PM25 sources, the ratio of major emitters to total permit-
ted facilities is higher in the Pittsburgh MSA (0.16) than nationally (0.1). This suggests
that our estimates understate the extent of forgone employment or output as a result of
Pittsburgh’s nonattainment status.

Third, these studies are based on data from the 1970s and 1980s; a variety of
factors may result in different effects of nonattainment status today, including dif-
fering regulations associated with nonattainment status, which specific industries are
large emitters, and what types of pollution control methods are available. Fourth, the
regions that are currently in nonattainment for PM, , are the Liberty-Clairton and
Pittsburgh—Beaver Valley regions, which together account for an area similar to the
Pittsburgh MSA; however, the Pittsburgh—Beaver Valley region includes portions of
Greene and Lawrence counties and excludes Fayette County and parts of Armstrong
County. Given data availability constraints, we used employment and output data at
the Pittsburgh MSA level.

Finally, in order to match the industries identified in the studies with employment
and establishment data from the census, we had to match the older industry codes
from the studies (Standard Industrial Classification [SIC] codes) with newer industry
codes used by the census (North American Industrial Classification System [NAICS]
codes). Preliminary matching between SIC and NAICS codes was performed using
the crosswalks for 1987 SIC to 2002 NAICS and 2002 NAICS to 1987 SIC (U.S.
Census Bureau, 2013). However, in many cases, the crosswalks left the correspondence
unclear. Some SIC codes correspond to several NAICS codes. In addition, the cross-
walks show correspondence at the six-digit NAICS code level; in some cases, a higher-
level match was more appropriate. We manually adjusted the preliminary matches to
select the best overall correspondence. In Appendix E, we provide a list of the SIC
codes from the original studies and the NAICS codes with which we matched them.



CHAPTER THREE

Existing Evidence for Links Between Local Air Quality and
Economic Growth

In this chapter, we lay out a conceptual framework describing the three key ways in
which local air quality could influence local economic growth. This framework was
largely based on our review of relevant literature but also informed by our stakeholder
interviews. For each of these effects, we then summarize our review of the existing evi-
dence from the literature. Appendix A provides a table that lists the main studies we
included in our literature review, along with their key assumptions, limitations, and
findings. In some areas in which substantial literature exists (particularly in the litera-
ture on air quality and health, for example), we do not attempt to provide a compre-
hensive list of studies but rather include several representative examples.

It is worth noting that our conception of economic growth reflects traditional
economic measures (e.g., gross regional product). To the extent that we examine
quality-of-life issues, we do so because they may affect worker (or firm) location choices
and thus economic performance. However, other studies may use broader definitions
of economic growth that include, for example, life satisfaction (see, among others,
Luechinger, 2009).

We identified three main ways by which air quality could affect local economic
growth:

* Pathway 1: Health and related workforce issues and costs. This effect consid-
ers the links from air quality to the health of the local population, and subse-
quently to effects on the health and productivity of the local workforce. Work-
force productivity and health can affect business costs and productivity and, thus,
local economic growth.

* Pathway 2: Quality-of-life issues and location decisions. Air quality may
affect quality of life for residents, either directly or through health effects. In
turn, quality of life may influence business and residential location decisions, thus
affecting growth.!

I There are clearly overlapping elements between pathways 1 and 2. We separated them for the purposes of our

analysis because the literature tends to focus either on health and workforce outcomes or on quality-of-life issues
(which are often based on health). The two strands of literature for these pathways are quite distinct.

21
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* Pathway 3: Air quality regulations and business operations. The stringency
of national air quality regulations varies with local air quality. Therefore, local air
quality indirectly influences business costs and location decisions via its effect on
applicable regulations.

In the following sections, we discuss each effect in more detail and summarize the
evidence from existing literature.

Links from Air Quality to Health and to Workforce Productivity

Poor air quality can adversely affect health in many ways (EPA, 1999, 2011a). Poor
health may have immediate effects on the workforce through short-run outcomes, such
as WLDs and SLDs, or may have long-run impacts via the size or productivity of the
workforce. Workforce productivity, in turn, may affect economic growth directly or
may be a factor in business location decisions (Figure 3.1).2

Air Quality and Health

An extensive body of evidence demonstrates the myriad effects of air pollution on
health, including impacts on neurological, respiratory, cardiovascular, and reproduc-
tive systems, and associations with cancer and premature mortality. EPA is required
to periodically review and update the NAAQS if the latest scientific research indicates
that current standards are not adequately protective. As part of its review, the agency
develops a criterion document or integrated science assessment, which summarizes the
weight of evidence to date for various health outcomes associated with the criteria pol-
lutant of interest (EPA, 2009, 2010, 2013a, 2013b). These documents contain a com-
prehensive review of the scientific literature and form the scientific basis for determin-
ing air standards.

In this section, we focus on two specific health outcomes that are particularly
salient to current workforce productivity. First, air pollution can increase the number
of days that workers stay home due to respiratory or other pollution-related illnesses
(WLDs). Second, air pollution can increase the number of days that children miss
school due to pollution-related illnesses (SLDs). SLDs can increase WLDs because
parents may have to stay home to care for their sick children. In the long run, a higher
rate of absenteeism from school may be linked with lower educational attainment and
therefore with lower future worker productivity.

2 A related way in which air quality could affect growth is through its potential impact on a city’s or region’s
average health insurance costs, thus changing the costs borne by businesses that provide insurance for their work-
ers and affecting business location decisions. However, we were unable to find any studies that examined the links
between air quality—related health outcomes and health insurance costs.
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Figure 3.1
Links from Air Quality to Health-Related Outcomes and to Workforce Productivity
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Work-Loss Days

Several studies have documented an association between pollutants, particularly PM
and ozone, and WLDs, restricted activity days, and the on-the-job productivity of
outdoor workers.? The magnitude of the effect differs across pollutants, morbidity end-
points, and studies. For example, Crocker and Horst (1981) find that ozone reduces
the productivity and earnings (by up to 2 percent, on average) of agricultural workers
in Southern California. Hausman, Ostro, and Wise (1984) show that a one-standard-
deviation increase in TSP is associated with a 10-percent increase in WLDs. Ostro
(1987) confirms that increased PM concentrations are associated with more restricted-
activity days and WLDs, although the effects vary across years in his study. Ostro
and Rothschild (1989) find that PM increases both minor restrictions on activity and

3 Because many workers spend their time indoors rather than outdoors, a growing literature also examines the
relationship between indoor air quality and worker productivity. The literature in this area suggests that improv-
ing the indoor working environment may increase worker productivity (see, for example, Fisk, Black, and Brun-
ner, 2011; Menzies et al., 1997; Milton, Glencross, and Walters, 2000; Wargocki et al., 2000; and Wyon, 2004).
However, Wyon (2004) cautions that it is not yet clear which specific substances in indoor air cause productivity
or sick-leave effects or through which mechanisms the effects occur. In addition, indoor and outdoor workers may
face fundamentally different sets of air quality—related issues; in fact, outdoor airflow is often used as a means of
improving indoor air quality.



24  Links Between Air Quality and Economic Growth: Implications for Pittsburgh

WLDs but that ozone increases only minor restrictions on activity. More recently,
Graff Zivin and Neidell (2012) find that a 10-ppb decrease in ozone is associated with
a 5.5-percent increase in agricultural worker productivity in California.*

School-Loss Days

The association between low air quality and school absenteeism has been documented
for certain pollutants. Exposure to ozone (Chen et al., 2000; Romieu et al., 1992;
Gilliland et al., 2001) and carbon monoxide (Chen et al., 2000; Currie et al., 2007) is
associated with school absences in children. For ozone, the magnitude of the effect may
be quite large; for example, Chen et al. (2000) report that the daily absence rate would
increase by 13 percent for every 50-ppb increase in ozone in the preceding two weeks;
Romieu et al. (1992) find that preschool-age children exposed for two consecutive days
to high ozone levels experience a 20-percent increase in the occurrence of respiratory
illness—related school absence; and Gilliland et al. (2001) report that a 20-ppb increase
in average daily ozone is associated with increases in school absences related to various
illnesses ranging from 45 to 174 percent.

Studies that examine associations between PM less than 10 microns in diameter
(PM,,) and school attendance tend to show mixed results. Ransom and Pope (1992)
find significant and robust associations between grade-school absenteeism and PM ;in
their work, PM, | exposure is associated with a 40-percent increase in overall absences.
In contrast, other studies report either weak or negative associations between PM,  and
school absenteeism (Chen et al., 2000; Currie et al., 2007; Peters et al., 1997).

School absenteeism may affect the workforce in two ways: by requiring parents
to take days off work to care for their children and by affecting long-term educa-
tional attainment (and thus the future workforce). There is some survey-based evidence
of the relationship between childhood absence from school and parental WLDs. For
example, a survey in Seattle finds that parents reported missing one day of work for
every three days of school missed by children because of influenza (Neuzil, Hohlbein,
and Zhu, 2002), while a survey of parental attitudes toward vaccination suggests that
53 percent of families reported experiencing adult WLDs in caring for sick children
(Nettleman et al., 2001). These surveys are not specific to air pollution—related illnesses
but do suggest that parents miss some workdays because of school absences.

There is considerable evidence linking school absences with poor educational
attainment, psychological and behavioral problems, and future economic hardships. In
a summary of the literature, Gottfried (2010) reports that school absenteeism has been
associated with poor examination outcomes (Nichols, 2003; Roby, 2004), nonpromo-
tion to higher grade levels (Neild and Balfanz, 2006), and dropping out (Rumberger

4 There are also international studies on this topic. For example, Hanna and Oliva (2011) examine the closure
of a refinery in Mexico City and show that a 1-percent reduction in SO, results in a 0.61-percent increase in hours
worked. Hansen and Selte (2000) find that higher concentrations of PM,  are associated with more sick leaves in
Oslo, while the relationship between concentrations of SO, and NO, and sick leaves is not clear.
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and Thomas, 2000). In contrast, school attendance is related to higher grade-point
averages and test scores (Gottfried, 2010). In addition, decreased school attendance
is correlated with current and future risky behaviors, such as alcohol and drug use
(Hallfors et al., 2002). Economically, students with lower school attendance records
are more likely to face future financial hardships, such as unemployment (Broadhurst,
May-Chahal, and Paton, 2005; Kane, 2000).

Although air pollution has been associated with school absences, and school
absences have been associated with negative outcomes, the degree to which absentee-
ism caused by air pollution affects performance and potentially leads to other negative
outcomes (such as behavioral problems) has not been adequately studied. Two studies
assess school attendance and school performance in asthmatics, a group known to be
vulnerable to air pollution effects. Silverstein et al. (2001) find that, although children
with asthma experienced an average of two more days of absenteeism than children
without asthma, there was no discernible difference in school performance as mea-
sured by reading, math, and language test scores, grade-point averages, grade promo-
tion, or class rank of graduating students. Moonie et al. (2008) study an urban African
American population and find no difference between students with asthma and those
without asthma in test scores. However, the authors do find a significant inverse rela-
tionship between absenteeism and academic performance in all children.

In contrast, two studies hypothesize an effect of air pollution on academic perfor-
mance. Zweig, Ham, and Avol (2009) examine the effects of PM,, PM, , NO,, and
ozone on math and reading test scores in California schoolchildren. After controlling
for potential confounders, the authors find associations between higher levels of PM, 5
PM,;, and NO, and lower math scores, with PM, | showing the largest effects. PM,
is also assoc1ated with lower reading test scores. Although the authors do not examlne
the means through which air pollution affects academic performance, they hypoth-
esize four potential pathways: (1) school absenteeism due to air pollution—related ill-
ness; (2) attention problems caused by pollution-related illness; (3) fatigue caused by
pollution-related illness; and (4) direct effects of air pollution on brain and cognitive
development. Similarly, Mohai et al. (2011) examine the relationship between air pol-
lution from industrial sources surrounding public schools in Michigan and children’s
academic achievement. The authors find that schools located in areas with the high-
est air pollution levels tend to have the lowest attendance rates, as well as the largest
proportion of students failing state educational testing standards. These effects persist
even after controlling for school location, spending per student, and school-level socio-
economic variables. However, the study does not account for individual-level socioeco-
nomic characteristics, and the authors caution that the ecological design does not infer
causality but points to the need for more research.
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Air Quality—Related Health Outcomes and Growth

Next, we would ideally test whether air quality—related health effects influence eco-
nomic growth. However, as discussed in Chapter One, there are factors that make
it difficult to directly measure such an effect. Instead, impacts on growth are often
inferred or assumed based on information about the impacts of air quality on morbid-
ity and mortality. For example, EPA recently developed a general equilibrium model—
which accounts for relationships between all sectors of the economy, including house-
holds, firms, and government—to examine the impacts of the 1990 Clean Air Act
Amendments (Pub. L. 101-549) on national economic growth. In this model, reduced
morbidity and premature mortality have a positive impact on long-run national gross
domestic product (GDP) by providing more labor to the workforce (EPA, 2011a).5 A
strength of this type of model is that it does allow a projection of the impact of air
quality improvements on GDP. However, a key weakness is that it requires strong
assumptions about the structure of the economy and about how workers and firms

behave.

Links from Air Quality to Quality of Life and Location Decisions

In this section, we consider the ways in which air quality could affect quality of life
through its effect on health, on outdoor recreation,® or on the environment. As illus-
trated in Figure 3.2, quality-of-life considerations, in turn, may affect the choices that
individuals make about where to live and that businesses make about where to locate.

There are studies that examine the relationship between quality-of-life consider-
ations and individual or business location decisions (see, among others, Gottlieb, 1994;
Porell, 1982; Salvesen and Renski, 2003). Our interviews with recruiters, site selection
firms, and other businesses also confirmed qualitatively that quality of life is one factor
among many that individuals and businesses consider when deciding where to locate.
In this section, we do not attempt to summarize the literature on @// quality-of-life

> Considering only costs, EPA (2011a) finds that the amendments reduced GDP by 0.52 percent in 2010 and
0.54 percent in 2020 compared with a scenario in which the amendments were not enacted. The agency incor-
porated labor force benefits (from reduced PM- and ozone-related medical expenditures and changes in workers’
time endowment because of reduced PM- and ozone-related morbidity and PM-related premature mortality),
as well as the costs of compliance. In this case, the agency found that the amendments are associated with a
0.21-percent reduction in GDP in 2010 but a 0.02-percent increase in GDP by 2020. The reason for this reversal
is that the labor force effect is expected to grow more quickly than the compliance cost effect because mortality
and morbidity benefits are cumulative over time. The findings from earlier general equilibrium models suggest
similar results; when only costs of environmental regulations are considered, such regulations are associated with
lower GDP (Jorgenson and Wilcoxen, 1990; Hazilla and Kopp, 1990; Jorgenson and Goettle, 2001); however,
when both costs and labor force benefits are considered, these regulations are associated with higher long-run

GDP (Jorgenson and Goettle, 2001).

% Qutdoor recreation itself may create economic growth opportunities for firms in outdoor-related industries.
We did not identify any literature that specifically addresses such opportunities.
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Figure 3.2
Links from Air Quality to Quality of Life and Location Decisions
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factors and location decisions; rather, we focus on studies that specifically consider air
quality and quality-of-life or location decisions.

Air Quality and Quality of Life

Several studies find that air quality is correlated with perceived quality of life (for stud-
ies using European populations, see, for example, Di Tella and MacCulloch, 2008;
Luechinger, 2009, 2010; and Welsch, 2006). For the United States, Gabriel, Mattey,
and Wascher (2003) assess the evolution in quality-of-life rankings by households from
1981 to 1990. Although, overall, rankings remained stable in most states, some showed
substantial deterioration in estimated quality of life over the decade. Increased air pol-
lution, as measured by ozone and carbon monoxide levels, is found to be correlated
with decreased rankings (along with other factors, including reduced spending on
infrastructure and increased traffic congestion). Similarly, Levinson (2009) finds that
people who were surveyed about how happy they were typically reported lower levels of
happiness when air pollution was worse than average local seasonal pollution.
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We also searched for evidence on whether air quality could affect quality of life
via its effect on recreation in urban settings.” Chapko and Solomon (1976) find that air
pollution reduces attendance at some, but not all, urban attractions in New York City.
More recently, Neidell (2006) finds that smog alerts in Southern California reduce
attendance at two outdoor venues by approximately 10 percent. Neidell also docu-
ments potential substitution between outdoor activities and indoor activities on days
when smog alerts are announced.

Air Quality and Location Decisions
Banzhaf and Walsh (2008) document that communities in California experiencing
increases in the level of toxic air and water emissions (measured by the Toxics Release
Inventory [TRI]) lose population, relative to other communities. Their evidence is con-
sistent with the broader literature on air quality and housing prices, which finds that
(controlling for other characteristics that would be expected to affect housing values)
cleaner air is associated with higher housing prices. Smith and Huang (1995) conduct
a review of the earlier literature and document that the median household would be
willing to pay approximately $22 (in 1982-1984 dollars) for a 1-ug/m? reduction in
TSP. More recently, Chay and Greenstone (2005) and Bayer, Keohane, and Timmins
(2009) find larger effects; for example, the latter find that the median household would
be willing to pay $149-185 (in 1982-1984 dollars) for a 1-pg/m?® reduction in PM.
Although Banzhaf and Walsh (2008) find evidence that people do “vote with
their feet” for cleaner air, they point out, “given constraints on mobility related to
family, career, and other networks, residential responses to changes to public goods are
most likely to occur within, rather than across, metropolitan areas.” In fact, one reason
for the larger willingness to pay (WTP) identified by Bayer, Keohane, and Timmins
(2009) is that these authors account for the fact that moving to a new city is costly.
We identified a few studies that examine the relationship between air quality
and intercity or interstate migration. Cebula and Alexander (2006) find that states
with fewer hazardous-waste sites and lower toxic chemical releases per person in 2000
had higher in-migration between 2000 and 2004, while Porell (1982) documents that
states with lower levels of PM and SO, concentrations and fewer annual inversion days
had higher in-migration rates between 1965 and 1970. Chay and Greenstone (2005)
examine populations by county before and after the passage of the 1970 Clean Air Act

7" The broader literature on the economic effects of air pollution on tourism focuses on ecotourism, haze and
visibility in national parks, or the effects of acid rain on sensitive locations and structures that attract tourists. A
more relevant tourism-related outcome for the Pittsburgh region may be links between air quality and conven-
tion-related tourism, but our search of the literature did not identify published studies on this topic.

8 Their “communities” are defined as 0.5-mile-diameter circles in the vicinity of San Francisco and Los Angeles.
They do not provide estimates for how much movement they see between these two metropolitan areas versus
within an individual metropolitan area.
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and provide some evidence that individuals “sort” into counties based on their prefer-
ences for clean air.

We also identified a few studies that examine the relationship between air or
environmental quality and business location decisions. In a review of several studies,
Gottlieb (1994) finds environmental quality to be the highest-ranking quality-of-life
factor for high-technology firms and the third-highest-ranking quality-of-life factor
for all firms. Informed by a national survey of research and development facilities and
their employees, Malecki and Bradbury (1992) find that quality of education and envi-
ronmental quality were the top two attributes that firms believed were most impor-
tant to their employees. Hekman (1982) assesses business location decisions in North
and South Carolina and Virginia from 1978 to 1982; business executives were asked
to rank the importance of various business location factors and quality-of-life factors.
Although quality-of-life factors were considered less important than economic factors,
quality of air and water was one of the top-ranked quality-of-life factors, which also
included the educational system, cost of living, housing, and personal taxes. Finally,
in a survey of business executives in industrial firms (the president or chairman of the
board), Foster (1977) finds that they considered the factor “clean environment” impor-
tant on a personal level, as well as in the operation of the plant and to key personnel.

Local Air Quality, Air Quality Regulations, and Business Operations

Local air quality affects what types of air quality regulations are required in an area,
most notably through EPA’s categorization of areas as in attainment or nonattainment
for one or more of the NAAQS. As illustrated in Figure 3.3, regulations in nonattain-
ment areas are more stringent for firms that are considered major emitters of regulated
pollutants, so these regulations can increase those companies’ business costs and thus
influence their location decisions. In this section, we examine the relationship between
nonattainment status and a variety of firm outcomes.

Firm Location Decisions
Nonattainment status may affect the site selection decisions of certain firms. Here,
we discuss three key reasons for this impact; Appendix C provides a summary of our
discussions with site selection firms, including a general overview of the site selection
process, as well as a qualitative discussion of the role played by air quality and air qual-
ity regulations.

First, new or expanding firms that emit significant amounts of a regulated pol-
lutant (known as major sources) in a nonattainment area are required to install more-
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Figure 3.3
Links from Local Air Quality to Air Quality Regulations and Business Operations
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stringent, and potentially more-expensive, pollution control technology.® Second, firms
that are major sources of targeted pollutants in a nonattainment area have to obtain
offsets—that is, decreases in that pollutant from other sources—in order to begin or
significantly expand operations. Third, the permitting process for a major source in a
nonattainment area is relatively lengthy.!°

In the literature, the broader evidence on environmental regulations and business
location is mixed, but county-level nonattainment status is associated with a deterrent
effect on firm location. Jeppesen, List, and Folmer (2002) conduct a meta-analysis of
11 studies and argue that there have been two “waves” of studies on environmental
regulations and business location decisions. The more recent wave of studies was con-
ducted during the late 1990s, and many of these studies find that regulations do deter
businesses from locating in an area. In contrast, the first wave took place during the
late 1980s and early 1990s and typically provided little support for the hypothesis that
regulations may deter firms from locating in the area. This meta-analysis suggests that
the size and robustness of the impacts of environmental regulations on business loca-
tion decisions depend on a variety of factors, including the estimation methods and the

9 New or expanded major sources of the regulated criteria pollutants in nonattainment areas are required to
install technology meeting the lowest achievable emission rate (LAER) standard, which does not take cost con-
siderations into account, while those locating in attainment areas are required to install the Best Available Con-
trol Technology (BACT), which does take cost into account.

10 These points are based on our discussions with local air quality regulators.
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ways in which data are aggregated. Similarly, in their review of this literature, Brunner-
meier and Levinson (2004) point out that, given the variety of methods, assumptions,
and data sources used by each study, results may not be comparable across studies.

Perhaps most salient for the Pittsburgh region is the finding by Jeppesen, List, and
Folmer (2002) that studies that use county-level attainment status, rather than other
regulations that are measured at more-aggregated (for example, state) levels, are more
likely to find a deterrent effect. One potential reason for this finding may be that busi-
nesses view different counties as more similar than different states in terms of factors
that affect location; thus, county-level regulations may have more impact on location
decisions than state-level regulations (Jeppesen and Folmer, 2001).

The results on nonattainment status are confirmed by more-recent studies, which
indicate that new plants and relocating plants are less likely to locate in nonattainment
areas than in attainment areas (for evidence from New York State, see List, McHone,
and Millimet, 2003, and List, Millimet, Fredriksson, et al., 2003; for national evi-
dence, see Morgan and Condliffe, 2009). Evidence from a national study suggests that
polluting plants in nonattainment areas are more likely than polluting plants in attain-
ment areas to shut down (Greenstone, List, and Syverson, 2012), although this is not
supported by a study of plants in New York State, which finds no systematic associa-
tion between nonattainment status and closures (List, Millimet, and McHone, 2004).

Cost and Productivity
Most of the literature on environmental regulations has documented that there are
associated costs to regulated industries. EPA estimates that the national, annual, direct
compliance costs of the Clean Air Act Amendments range from about $20 billion (in
2006 dollars) in 2000 to $65 billion in 2020 (EPA, 2011a). To some extent, cost projec-
tions should be cautiously interpreted because there is empirical evidence (Hammitt,
2000; Harrington, Morgenstern, and Nelson, 2000) that ex ante studies are more
likely to overestimate regulatory costs (as well as the amount of pollution reduced).

Average, self-reported expenditure by manufacturing firms on pollution abate-
ment capital expenditures (as collected by the U.S. Census Bureau) from 1990 to 1994
was 7 percent of new capital expenditures, although there was large variation across
industries (for example, 1 percent in the printing and publishing industry and 42 per-
cent in the petroleum and coal product industry) (Jeppesen, List, and Folmer, 2002).
Between 1979 and 1988, in both attainment and nonattainment areas, firms with
high emissions had higher self-reported air pollution abatement capital and operating
expenditures than firms with low emissions. Firms with high emissions in nonattain-
ment areas had higher pollution abatement expenditures than firms with high emis-
sions in attainment areas, although the robustness of the effects varies across different
types of pollutants, plant characteristics, and estimation methods (Becker, 2005).

A related issue is that regulations, by requiring that firms install pollution con-
trol equipment, perform additional activities, or modify their processes, may decrease
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firm productivity (the efficiency with which firms convert input into output). Many of
the early studies on firm productivity and environmental regulations focused on the
1970s, when the United States manufacturing industry as a whole was undergoing a
decline in productivity growth. Jaffe, Peterson, et al. (1995) summarize much of the
work in this area and conclude that studies typically suggest a “modest adverse” effect;
for the manufacturing sector as a whole, between 8 and 16 percent of the productivity
growth slowdown could be attributed to environmental regulations, with substantially
larger effects in certain industries, including the paper and electric utility industries.
One potential reason for a decrease in productivity may be that more-stringent regula-
tions discourage the creation of new sources or the modification of older sources, thus
reducing the formation of new capital (Nelson, Tietenberg, and Donihue, 1993; List,
Millimet, and McHone, 2004).

A recent study by Greenstone, List, and Syverson (2012) shows that productivity
levels in surviving polluting plants in nonattainment areas are between 2 and 5 percent
lower than productivity levels of polluting plants in attainment areas. Ozone nonat-
tainment status is associated with the greatest difference in productivity, followed by
TSP and SO,; in contrast, carbon monoxide nonattainment status is associated with an
increase in productivity. The effects also vary by industry; for ozone and carbon mon-
oxide, effects are positive for some industries and negative for others.

Although much of the evidence suggests that environmental regulations decrease
firm productivity, a few studies do not. For example, Berman and Bui (2001) find
that more—heavily regulated refineries in the Los Angeles area underwent a temporary
productivity decline during the 1980s but then increased their productivity between
1987 and 1992, even as productivity fell among less heavily regulated plants in other
parts of the country. A study by Gray and Shadbegian (1995) shows that the relation-
ship between pollution abatement expenditures and productivity depends on how the
effects of environmental regulations are measured (for example, as pollution abate-
ment expenditures, compliance status, enforcement activity, or emission levels) and on
the type of analysis used (comparing productivity across firms at one point in time or
within firms over time).

Some authors also argue that regulations can produce cost savings or productiv-
ity gains for regulated firms. Porter and van der Linde (1995) suggest that, in addition
to improving environmental quality, environmental regulation could create benefits,
including signaling companies about existing inefficiencies in their processes, raising
corporate awareness about environmental pollution, reducing uncertainty about envi-
ronmental investments, encouraging innovation, and leveling the playing field by not
allowing companies that do not invest in the environment to prosper at the expense of
companies that do.

A few studies document evidence for certain parts of this Porter hypothesis. Boyd
and McClelland (1999) identify individual examples of win-win cases in which firms
could reduce pollution, as well as input intensity. Lanoie, Patry, and Lajeunesse (2008)
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show that lagged investment in pollution control equipment is associated with increased
productivity growth in certain industries. Three studies find evidence of links between
environmental regulations and increased patenting of related environmental technolo-
gies (Lanjouw and Mody, 1996; Popp, 2006) and research and development (Jaffe and
Palmer, 1997). However, Palmer, Oates, and Portney (1995) estimate that cost savings
associated with the Porter hypothesis are two orders of magnitude smaller than pollu-
tion abatement and control expenditures.

Employment

Theoretically, it is not clear whether regulations would increase or decrease employ-
ment. Morgenstern, Pizer, and Shih (2002) decompose the potential effect of environ-
mental regulations on employment in a regulated industry into three components: a
cost effect because regulations may require more inputs for the same amount of output,
thereby increasing employment; a factor-shift effect because activities required by envi-
ronmental regulations may be more or less labor-intensive than other activities, which
may increase or decrease employment; and a demand effect because environmental
regulations may raise costs and thus output prices, lowering demand and therefore
employment. In addition to the channels examined by these authors, regulations may
cause some firms to shut down and thus decrease employment. There may also be spill-
over effects that reach beyond regulated businesses. Production (and thus employment)
may shift to businesses with lower emissions within the same industry. Regulations
could increase employment in industries in the pollution control and abatement sector.
Changes in the regulated industry could also affect industries that provide supplies to
the regulated industry or purchase goods or services from the regulated industry, thus
leading to employment changes in the supplier or purchaser industries. However, in
the long run, many economy-wide models assume that labor supply will equal labor
demand, so that any changes in employment in pollution-intensive industries will be
balanced by changes in employment in non—pollution-intensive industries.

Empirical studies typically examine the effects of environmental regulations on
employment using three approaches. The first approach examines employment in the
regulated industry. A key benefit of this approach is that it requires fewer assumptions
about the way in which firms or individuals behave than the approaches discussed
below. In addition, focusing on regulated firms allows researchers to rigorously con-
trol for many other factors that could affect employment.!" This approach also allows
researchers to focus on the industries that are most likely to be affected by regulations.

Empirical evidence on the impacts that environmental regulations can have on
employment in a regulated industry is mixed. Three studies suggest a fairly small
impact of various environmental regulations on employment. Duffy-Deno (1992)

1 For example, regulated firms may be compared with nonregulated firms in the same county, thus controlling
for county-specific effects.
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finds a negative relationship between air pollution expenditures reported by firms from
1974 to 1982 and manufacturing employment within MSAs. However, the magnitude
of the effect is small; a 10-percent increase in abatement expenditures is associated
with less than a 1-percent decline in per capita manufacturing employment among
Sunbelt MSAs. Berman and Bui (2001) examine the effects of stringent air quality
regulations imposed on refineries in Southern California and compare those refiner-
ies with refineries in other parts of the United States; they conclude that, although the
regulations raised costs among affected refineries, there was no statistically significant
effect on employment. Morgenstern, Pizer, and Shih (2002) examine the relationship
between environmental spending and employment in four polluting industries and
estimate that, across all four industries, the 95-percent confidence interval of employ-
ment changes ranged from 2.8 jobs lost to 5.9 jobs gained for every $1 million of envi-
ronmental expenditures and is slightly positive on average. They note that this accounts
for anywhere from 14,000 jobs lost to 29,000 jobs gained, while 632,000 U.S. manu-
facturing jobs were lost during the time period they studied. This means that, at the
most, environmental regulations accounted for 2 percent of manufacturing job losses
during this time.

In contrast, one study documents a sizable impact of nonattainment status on
local employment in regulated industries. Greenstone (2002) compares the change in
employment in polluting industries (relative to nonpolluting industries) in areas that
were designated as nonattainment (relative to attainment areas) between 1972 and
1987. He finds that nonattainment designations resulted in 590,000 job losses in pol-
luting industries. This estimate is more than twice the number of job losses in manu-
facturing in nonattainment areas during this time, which implies that, in the absence
of being designated as out of attainment, there would have been job gains rather than
job losses in those areas. However, Greenstone also notes that some of the jobs lost in
nonattainment areas likely shifted to attainment areas; therefore, job losses may be
double-counted (because a loss in a nonattainment area may be a gain in an attainment
area). If a// such job losses are due to shifts to attainment areas, then there is no overall
employment loss to the United States as a whole.

A drawback of focusing on regulated industries is the failure to account for
how changes in the regulated industry may affect employment in other industries.
The reason this may be important is illustrated by evidence from Henderson (1996).
Although he does not conduct a formal study on employment effects, he provides
some evidence that nonattainment designations affect regulated industries but may not
reduce overall employment. Using data from 1978 to 1987, he shows that growth rates
for establishments in pollution-intensive industries (and for the manufacturing sector
as a whole) were lower in nonattainment areas than in attainment areas but that total
employment growth was higher in nonattainment areas than in attainment areas.

The second approach for examining employment effects typically considers job
changes in one or more industries outside the regulated sector. The most common
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approach is to consider potential job gains in the pollution control sector. These gains
are often assumed to be short term and are reported in terms of job-years. A broader
version of this approach examines changes in employment that may be induced in
other industries that supply or purchase goods or services from the regulated or pollu-
tion control industries. For example, if regulations result in an increase in the price of
electricity, industries that use a lot of electricity would bear increased costs. Similarly,
suppliers to the pollution control sector may be expected to face higher demand for
their goods or services.!?

A third approach to estimating employment effects is to use a general equilib-
rium model. As discussed above, a key drawback of such models is that they require
many assumptions about how firms and workers behave. In addition, many general
equilibrium models assume that labor markets will “clear”—that is, in the long run,
the supply of labor will equal the demand for labor. Therefore, there is no involuntary
unemployment in such models. Rather, changes in employment levels occur because
of changes in the size of the potential labor force and because households change the
amount of time they allocate to labor versus leisure. For example, as discussed above,
EPA (2011a) has developed a general equilibrium model of the United States for its
analysis of the benefits and costs of the Clean Air Act Amendments. In its model, labor
markets are assumed to clear, so the model does not provide insights about unemploy-
ment impacts. However, there are changes in employment levels because households
may change the amount of labor they are willing to supply because of changes in real
wages. There may also be changes in households’ time availability due to changes in
morbidity and mortality.

Taken together, these findings suggest that it may be less important to focus on
how environmental regulations affect overall employment levels in the long run than
to consider the short-run impacts on workers in affected industries. Recent work by
Walker (2012) makes an important contribution in this area. He follows workers over
time after the passage of the 1990 Clean Air Act Amendments, which designated
many additional areas as being out of attainment. First, he finds that employment in
polluting sectors in areas that became designated as out of attainment under the 1990
amendments fell to 10 percent below their initial levels during the following ten years
(15 percent below employment in a comparison group of polluting sectors in attain-
ment areas). Second, the wages of workers in polluting industries in newly designated

12 An example of employment effects that extend beyond the regulated industry is provided by a recent EPA
regulatory impact analysis of the proposed Mercury and Air Toxics Standards. EPA estimates that these standards
would result in 46,000 one-time job-years gained in the pollution control sector. It also estimates that the rules
will lead to 5,950 ongoing net job-years gained due to various changes in other sectors (3,890 job-years gained
due to demand for pollution control inputs, 4,320 job-years gained due to pollution control operation, 2,500 job-
years lost due to coal capacity retirements, 430 job-years lost due to changes in coal demand, and 670 job-years
gained due to changes in natural gas demand) (EPA, 2011b). The report points out that these estimates do not
include the effects of higher energy prices on other industries; they also do not quantify potential multiplier
effects as changes in one sector ripple out to others.
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nonattainment areas fell for approximately three years, then returned to preregulation
levels within eight years after the changes. He estimates that the total net present value
of lost wages ranges from approximately 20 to 25 percent of annual preregulation
earnings and that these losses were largely borne by workers who separated from their
plants, rather than by workers who remained at the same plants. Third, there may have
been small spillover effects, yielding a slight wage drop (of less than 1 percent) in non-
regulated industries in nonattainment areas. Finally, nonattainment status increased
the probability that a worker moved to a different industry. Walker notes that it is more
likely that a worker moved to a different industry in the same county, but some workers
also move to different counties.

In the next chapter, we extrapolate several results from our review of the literature
to Pittsburgh and discuss the extent to which the results may or may not be applicable
locally.



CHAPTER FOUR

Extrapolating Existing Evidence to Pittsburgh

In this chapter, we extrapolate three sets of results from the existing literature to the
Pittsburgh region. First, we examine the impact of attaining the NAAQS for PM, ; and
ozone on key health outcomes, specifically acute bronchitis, acute myocardial infarc-
tion, asthma exacerbation, chronic bronchitis, emergency-room visits, hospital admis-
sions, mortality, respiratory symptoms, and WLDs.! This analysis is based on results
from nationwide studies that are used in the modeling software and on data that are
for the region as a whole. Second, we conduct a more detailed analysis of the potential
impact that attaining the NAAQS for ozone and PM, , could have on two outcomes
that may be particularly salient to local businesses: WLDS and SLDs. In this case, we
begin with the default assumptions and results provided in the software we use, but
we supplement this analysis by using regional or Pittsburgh-specific data whenever
possible. Third, we extrapolate results from two nationwide studies to examine the
potential impact of the Pittsburgh region’s nonattainment status on establishments,
employment, and output in pollution-intensive industries.

Analysis of Key Health Endpoints

We estimated the effects that reducing PM, | and ozone concentrations in the Pitts-
burgh MSA from 2012 levels to the current " standards could have on key health out-
comes. The initial set of analyses was carried out using health incidence data that were
not specific to the Pittsburgh region.

Table 4.1 presents the results of our analyses for ten health endpoints for PM,
reductions. We assumed that Pittsburgh would first meet the annual mean standard
and then take additional steps to achieve the daily maximum standard under a per-
centage reduction approach. The “Incidence Mean” column presents the estimate of
avoided incidences for each health endpoint (shown in the “Endpoint” column). These
estimates reflect the number of cases that would be avoided if Pittsburgh were to come

' Note that WLDs can be seen as an effect of health outcomes rather than an outcome per se, but we use this

term the way it is used in the literature.
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into attainment. The “Valuation” column shows the value (economic benefit) associ-
ated with each set of avoided incidences.

Because these estimates were based on summing up avoided incidences due to
meeting the yearly and then the daily standards, we do not provide a measure of the
associated uncertainty (i.e., a standard deviation) for the totals. However, Appendix D
presents the estimated avoided incidences for the yearly and daily standards separately,
including the standard deviations associated with each estimate.

The last row of Table 4.1 presents the total estimated value associated with the
improvement in each of these health endpoints. Note that the total valuation is not
equal to the sum of the individual valuations because the overall valuation was derived
using simulation methods.>

Table 4.1

Annual Effect That Meeting the New PM, , Standard Could
Have on Key Health Endpoints in the Pittsburgh Metropolitan
Statistical Area

Incidence Mean

(number of Valuation

Endpoint avoided cases) ($ thousands)
Acute bronchitis 72 27
Acute myocardial infarction 9 446
Asthma exacerbation 1,526 238
Chronic bronchitis 42 6,405
Emergency-room visits, respiratory 38 10
Hospital admissions, 16 414
cardiovascular

Hospital admissions, respiratory 18 402
Adult mortality 89 486,185
Upper-respiratory symptoms 1,323 35
WLDs 7,243 857
Total 487,793

SOURCE: Authors’ calculations using EPA’s BenMAP software, with
ambient air quality values updated to reflect 2012 concentrations in the
Pittsburgh MSA.

NOTE: The total valuation is based on a Monte Carlo simulation of the
underlying results for each endpoint and is therefore not equal to the
sum of the individual valuations. The selection of endpoints relies on
EPA's selection of epidemiological studies available in BenMAP.

2 Specifically, Monte Carlo simulation methods were used—5,000 draws were specified where, at each iteration,
a value was chosen at random from the distribution of results and used to determine sums.
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For PM, ., meeting the current NAAQS would be associated with a value of
approximately $488 million in the Pittsburgh MSA, with most of the value coming
from a reduction in expected premature adult mortality.

Table 4.2 presents similar results for ozone. The means and standard deviations
of the number of avoided incidences are shown in the “Incidence” columns, while
the associated values and their standard deviations are shown in the “Valuation” col-
umns. The last row of Table 4.2 presents the total estimated value associated with the
improvement in each of these health endpoints. As with PMZ'S, the total value is based
on simulation methods and is therefore is not equal to the sum of the individual values.
We estimate the total value associated with meeting the ozone NAAQS in the Pitts-
burgh MSA to be approximately $128 million.

Detailed Analysis of Work-Loss and School-Loss Days

As discussed in Chapter Two, we also performed a more detailed examination of

the effects that reducing PM, | could have on WLDs and the effects that reducing

Table 4.2
Annual Effect That Meeting the Ozone Standard Could Have on Key Health Endpoints in the
Pittsburgh Metropolitan Statistical Area

Incidence Valuation ($ thousands)

Number of Avoided
Endpoint Cases Standard Deviation Value Standard Deviation

Emergency-room 14 1" 5 4
visits, respiratory

HosF_)itaI admissions, 26 18 832 557
respiratory

Mortality 18 4 128,267 62,739
SLDs 5,600 1,666 566 168
Total 127,635 60,366

SOURCE: Authors’ calculations using EPA’s BenMAP software, with ambient air quality values updated
to reflect 2012 concentrations in the Pittsburgh MSA.

NOTE: The total valuation is based on a Monte Carlo simulation of the underlying results for each
endpoint and is therefore not equal to the sum of the individual valuations. The selection of endpoints
relies on EPA's selection of epidemiological studies available in BenMAP.
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ozone could have on SLDs because these two endpoints may be particularly salient for
employers in the Pittsburgh area today.?

Table 4.3 presents results for the effect that meeting the new PM, | standard could
have on WLDs. This detailed analysis explores the sensitivity of the baseline results to
varying the incidence rate (using the rates from large MSAs, from the Midwest, and
from the Northeast). Using these incidence rates increases our estimate of the magni-
tude of the effect on WLDs substantially compared with using national-level WLD
incidence rates (see Table 4.1). We find that reductions in PM, | are associated with
approximately 13,000 to 15,000 fewer WLDs per year. Given a median wage rate of
$131.60 per day for the Pittsburgh MSA, this translates into a value between $1.7 mil-
lion and $1.9 million per year.

For ozone, we estimated the effects of meeting the NAAQS using two sets of
Pittsburgh-specific SLD baseline incidence rates and varying background ozone con-
centrations. Table 4.4 presents results based on all-cause incidence rates for the Pitts-
burgh MSA. In this case, we estimated that meeting the NAAQS is associated with
approximately 6,700 to 10,500 fewer SLDs per year, depending on background con-
centration. Using standard assumptions about parents taking time off work to care for
their children, this translates into a value of approximately $680,000 to $1 million per
year. These values may be biased upward because the baseline incidence rate depends
on all causes of absenteeism, not just absenteeism related to respiratory illness.

Table 4.5 presents results using the incidence rate from the City of Pittsburgh for
absenteeism due to medical leave or sickness. We found that meeting the NAAQS is

Table 4.3
Detailed Results for the Effect That Meeting the Yearly and Daily PM,
Standards Could Have on Work-Loss Days

WLDs
Valuation
of Avoided
Incidence Type Baseline Avoided ($ thousands)
Large MSA 5,951,347 13,174 1,734
Midwest 5,962,042 13,198 1,737
Northeast 6,684,284 14,797 1,947

NOTE: We assumed that the Pittsburgh MSA would meet the annual standard first
and then employ strategies to meet the daily standard.

3 We did not examine the effects of ozone on WLDs or of PM, _ on SLDs because CR functions for these path-
ways are not included in EPA’s BenMAP software. As discussed in Chapter Two, EPA typically selects studies
based on a variety of considerations, including study design and location, characteristics of study populations,
and whether studies were peer-reviewed.
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Table 4.4
Detailed Results for the Effect That Meeting the Ozone Standard Could Have on School-Loss
Days: All-Cause Incidence Rate

SLDs Avoided

(baseline SLDs = 26,983,366) Valuation ($ thousands)
Hourly
Background Back%round Standard Standard
Level® (ppb) Level® (ppb) Number Deviation Amount Deviation
40 0 6,724 2,000 679 202
20 0 10,455 3,110 1,056 313
40 40 6,738 2,004 681 202
20 20 10,465 3,113 1,057 314

NOTE: Scenarios consisted of the Pittsburgh region meeting a standard of 75 ppb (fourth-highest
maximum value at or below 75 ppb).

@ Background level refers to the assumed background concentration of ozone specified for the
attainment metric (in this case, fourth-highest daily maximum eight-hour average).

b Hourly background level is the assumed background for hourly ozone values.

Table 4.5
Detailed Results for the Effect That Meeting the Ozone Standard Could Have
on School-Loss Days: Public School Medical Leave and Sickness Incidence Rate

SLDs Avoided
(baseline SLDs = 17,260,752) Valuation ($ thousands)

Hourly
Background Background Standard Standard
Level (ppb) Level (ppb) Number Deviation Amount Deviation
40 0 4,301 1,280 434 129
20 0 6,688 1,990 676 200
40 40 4,310 1,282 435 129
20 20 6,694 1,992 676 201

NOTE: Scenarios consisted of the Pittsburgh region meeting a standard of 75 ppb (fourth-
highest maximum value at or below 75 ppb).

associated with approximately 4,300 to 6,700 fewer SLDs per year. This translates into
a reduction in WLDs valued at approximately $435,000 to $675,000 per year.

These results are subject to some uncertainties and limitations, which were dis-
cussed in Chapter Two. We view these figures not as a basis for policymaking but
rather as a starting point for discussion about air quality in the Pittsburgh region.
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Nonattainment Status and Industry Outcomes

Establishments

As discussed in detail in Chapter Two, we extrapolated results from Henderson (1996)
to examine the effect that nonattainment status could have on the number of establish-
ments in five pollution-intensive industries in Pittsburgh.

Table 4.6 presents results. Henderson’s estimated effect on the number of
establishments in each industry is shown in the first “Value” column, with associ-
ated 90-percent confidence intervals in the first “90% Confidence Interval” column.
Because his dependent variable is the log of the number of establishments, the coef-
ficients can be interpreted as the percentage change in the number of establishments
associated with being in attainment for ozone for three or more years. For four out of
five industries, the effects of being in attainment are positively associated with number
of establishments, with mean effect sizes ranging from 6 percent to 9 percent. The
results for each of these industries are statistically significant at the 10-percent level.
For the fifth industry, steel, attainment status is negatively associated with the number
of industries, but the result is not statistically distinguishable from zero.

The “Number of Establishments in Relevant Industries in the Pittsburgh MSA”
column shows the number of establishments in each of these five industries in the Pitts-

Table 4.6
Estimated Effect That Being in Attainment for Ozone for Three or More Years Could Have
on the Number of Establishments in the Pittsburgh Metropolitan Statistical Area

Estimated Effect of Being in
Attainment for Ozone on the

Number of Number of Pittsburgh MSA
Henderson'’s Estimation of Effect Establishments Establishments
in Relevant
90% Confidence Industries in the 90% Confidence

Industry Value Interval Pittsburgh MSA Value Interval
Industrial 0.091 [0.04, 0.14] 6 0.55 [0.26, 0.83]
organic
Petroleum 0.065 [0.002, 0.13] 3 0.20 [0.007, 0.38]
refining
Plastic materials 0.072 [0.021, 0.12] 13 0.94 [0.27, 1.60]
Miscellaneous 0.081 [0.05, 0.11] 85 6.89 [4.23, 9.54]
plastics
Steel -0.003 [-0.046, 0.04] 46 —a —a
Overall Not applicable Not applicable 153 8.6 Not applicable

SOURCE: Estimated effects and associated confidence intervals are based on Henderson (1996), Table 4;
numbers of establishments are from the 2010 County Business Patterns survey by the U.S. Census
Bureau (2012b).

2 Not provided because the parameter estimate is statistically indistinguishable from zero.



Extrapolating Existing Evidence to Pittsburgh 43

burgh region in 2010. In the “Estimated Effect of Being in Attainment for Ozone on
the Number of Pittsburgh MSA Establishments” column, we extrapolate Henderson’s
results to the Pittsburgh region by multiplying the average effect (“Henderson’s Esti-
mation of Effect”) by the number of establishments in the Pittsburgh region (“Number
of Establishments in Relevant Industries in the Pittsburgh MSA”). The second “90%
Confidence Interval” column presents the 90-percent confidence intervals associated
with these extrapolations.

Extrapolating the Henderson results to Pittsburgh suggests that achieving attain-
ment status in the Pittsburgh region would be associated with a small increase in the
number of establishments in three industries (industrial organic, petroleum refining,
and plastic materials) and an increase of nearly seven establishments in one industry
(miscellaneous plastics). The reason that the effect is largest in miscellaneous plastics is
because of the large number (85) of existing establishments in this industry currently
in the MSA. Adding up all of the effects suggests that being in attainment would be
associated with approximately eight more establishments in the Pittsburgh region.

Although we cannot place an exact value on these eight establishments, we gath-
ered available data on average payroll per establishment in existing establishments
in a subset of these industries (plastic materials, miscellaneous plastics, and steel)
in the Pittsburgh region. The average payroll per establishment was estimated to be
$6.316 million per year. Multiplying average payroll per establishment by eight implies
that ozone attainment status would be associated with payroll gains of $50.5 million.

Employment and Output
We then extrapolated Greenstone’s (2002) results on nonattainment status, employ-
ment, and output to the Pittsburgh region, as described in Chapter Two.

Table 4.7 presents results for employment. Greenstone’s estimated percentage
change in employment associated with nonattainment status for each pollutant is
shown in the first “Value” column, with associated 90-percent confidence intervals
in the “90% Confidence Interval” column. The effect of being out of attainment for
ozone is 4.9 percent lower employment in pollution-intensive industries. The result is
statistically significant at the 10-percent level. The effect of being out of attainment for
TSP is 2.4 percent lower employment in pollution-intensive industries, but the result is
not statistically significant.

The “Employment in Relevant Industries in the Pittsburgh MSA” column shows
employment in the ozone-intensive and TSP-intensive industries in Pittsburgh in 2010.
In the “Estimated Change in Employment in Regulated Industries in the Pittsburgh
MSA from Being Designated as Out of Attainment” column, we extrapolate Green-
stone’s results to Pittsburgh by multiplying the average effect (“Greenstone’s Estima-
tion of Effect”) by employment in Pittsburgh (“Employment in Relevant Industries in
the Pittsburgh MSA”). The second “90% Confidence Interval” column presents the
90-percent confidence intervals associated with these extrapolations. Being designated
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Table 4.7
Estimated Effect That Being Out of Attainment Could Have on Employment in the
Pittsburgh Metropolitan Statistical Area

Estimated Change in Employment
in Regulated Industries in the
Pittsburgh MSA from Being
Greenstone’s Estimation of Effect Employment Designated as Out of Attainment

in Relevant
90% Confidence Industries in the 90% Confidence
Pollutant Value Interval Pittsburgh MSA Value Interval
Ozone -0.049 [-0.074, -0.024] Lower: 39,055 Lower: -1,914 [-2,877, -950]

Upper: 39,721  Upper:-1,946  [-2,926, —966]

TSP -0.024 [-0.063, 0.015] 17,218 -413 [-1,093, 267]

SOURCE: Estimated effects and associated confidence intervals are based on Greenstone (2002), Table 5,
Column 4. Numbers of employees are from the 2010 County Business Patterns survey of the U.S. Census
Bureau (2012b).

NOTE: Lower and upper values are provided for ozone because the census provided only a range of
employment for several industries.

as out of attainment for ozone is associated with approximately 1,900 fewer jobs,* while
being designated as out of attainment for TSP is associated with about 400 fewer jobs.

As with establishments, we cannot place an exact value on the employment effects.
We gathered available data on average payroll per employee in existing establishments
in a subset of these industries (printing; rubber and plastic; fabricated metals; a subset
of the motor vehicle industry; lumber and wood; stone, clay, glass, and concrete; and
iron and steel) in the Pittsburgh MSA. The average payroll per employee was estimated
to be $50,000 per year for pollution-intensive industries in ozone and $58,000 per year
for pollution-intensive industries for TSP. Multiplying average payroll per employee by
the job-loss estimates implies that ozone nonattainment status is associated with pay-
roll losses of approximately $96 million. Similarly, TSP nonattainment status is associ-
ated with payroll losses of $24 million.

Table 4.8 presents results for output. Greenstone’s estimated percentage change
in output associated with nonattainment status for each pollutant is shown in the first
“Value” column, with associated 90-percent confidence intervals in the first “90% Con-
fidence Interval” column. The effect of being out of attainment is the same (3.2 percent
lower output in pollution-intensive industries) for ozone and TSP, but neither result is
statistically significant at the 10-percent level.

The “Value of Shipments in Relevant Industries in the Pittsburgh MSA” column
shows output in the ozone-intensive and TSP-intensive industries in Pittsburgh in 2010.
Complete output (shipment) data were available for only three out of nine industries

4 For several industries that emit ozone precursors (organic chemicals, motor vehicles, and petroleum refining
industries), the census provided only a range of employment. Therefore, we show results based on employment at
the lower and upper ends of this range.
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Table 4.8
Estimated Effect That Being Out of Attainment Could Have on the Value of Output in the
Pittsburgh Metropolitan Statistical Area

Estimated Change in Output
from Regulated Industries in

Value of the Pittsburgh MSA from Being
Shipments Designated as Out of Attainment
Greenstone’s Estimation of Effect  in Relevant ($ millions)
Industries in the

90% Confidence Pittsburgh MSA 90% Confidence
Pollutant Value Interval ($ billions) Value Interval
Ozone -0.032 [-0.071, 0.007] 7.1552 -229 [-511, 54]
TSP -0.032 [-0.088, 0.024] 1.787P -57 [-157, 43]

SOURCE: Estimated effects and associated confidence intervals are from Greenstone (2002), Table 6,
Column 4. Values of shipments are from the 2007 Economic Census by the U.S. Census Bureau (2012c).

@ Because of the narrow definition of certain industries, complete shipment data were available for
only three out of nine industries that are classified as pollution-intensive for ozone, while partial
shipment data were available for an additional two industries.

b Because of the narrow definition of certain industries, complete shipment data were available for
only one out of four industries that are classified as pollution-intensive for TSP, while partial shipment
data were available for an additional two industries.

that are classified as pollution-intensive for ozone and for one out of four industries that
are classified as pollution-intensive for TSP; partial output data were available for an
additional two industries in each category. Therefore, the output values can be consid-
ered lower bounds for the Pittsburgh MSA. In the “Estimated Change in Output from
Regulated Industries in the Pittsburgh MSA from Being Designated as Out of Attain-
ment” column, we extrapolate Greenstone’s results to Pittsburgh by multiplying the aver-
age effect (“Greenstone’s Estimation of Effect”) by employment in Pittsburgh (“Value
of Shipments in Relevant Industries in the Pittsburgh MSA”). The second “90% Con-
fidence Interval” column presents the 90-percent confidence intervals associated with
these extrapolations. Being designated as out of attainment for ozone and TSP is associ-
ated with $229 million and $57 million less, respectively, in output from these industries.

The limitations of these extrapolations were discussed in detail in Chapter Two.
Our results should be interpreted as starting points for a discussion of potential effects
in the Pittsburgh region for several reasons, most notably that they are based on impact
estimates extrapolated from national data from a different time period and based on
somewhat different definitions of particulate pollution. These results point to impacts
on regulated industries in nonattainment versus attainment areas (and, in the case of
the employment and output estimates, the estimates are relative to nonregulated indus-
tries). This is particularly important in the context of the employment results because
displaced workers from regulated industries are likely to shift to other industries in the
long run. As discussed in Chapter Three, a study of the 1990 Clean Air Act Amend-
ments finds that workers who are displaced because of regulations are most likely to
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move to other industries within the same county but may also switch counties (Walker,
2012). To the extent that this national evidence holds true in the Pittsburgh region, it
suggests that many (but not all) displaced workers are likely to stay in the metropolitan
region. For workers who stay within the seven-county region, the transitional costs,
rather than employment numbers per se, may be a better measure of the impact that
nonattainment status can have on the local labor market.



CHAPTER FIVE
Conclusions

In this study, we examined three ways in which local air quality may influence local
economic growth. We assessed the evidence for each effect, based on a review of the
existing literature. We then extrapolated results from selected studies to the Pittsburgh
region, to provide a sense of the economic value associated with achieving the NAAQS.
Our estimates are based largely on national studies and should thus be seen as a start-
ing point for a discussion of air quality and growth in the Pittsburgh region.

For pathway 1 (health and related workforce issues and costs), we estimated
the economic value associated with improved health if the Pittsburgh region were to
come into compliance with the ozone and PM, . NAAQS. We estimated that reduc-
ing PM, ; concentrations from 2012 levels to the current NAAQS would be associated
with a value of approximately $488 million, while reducing ozone concentrations from
2012 levels to the current NAAQS would be associated with a value of approximately
$128 million. These values are driven primarily by reduced premature mortality.

We then performed a more detailed examination of the value associated with two
health endpoints that may be particularly salient for employers because of their impacts
on workforce productivity: WLDs and SLDs. For WLDs, we tested the sensitivity of
our findings to different baseline incidence rates. We found that using more-specific
incidence rates—for large MSAs, the Midwest, and the Northeast—increases our esti-
mate of the magnitude of the effect on WLDs substantially compared with using
national-level WLD incidence rates. For SLDs, which affect workforce productivity
indirectly through parental absences from work, we used different assumptions about
pollution reductions, and we incorporated Pittsburgh-specific data about baseline inci-
dence rates. When we used Pittsburgh-specific baseline incidence rates, the results con-
firmed our findings from the baseline analysis using national rates.

For pathway 3, we extrapolated results from selected studies to estimate the
effects of the Pittsburgh region’s nonattainment status on local industries. We found
that being in attainment with the NAAQS would be associated with approximately
eight more establishments in the Pittsburgh region. Meanwhile, being in attainment
with ozone and PM, standards would be associated with approximately 1,900 and
400 more jobs, respectively, and with $229 million and $57 million more output from

47
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regulated industries, respectively. Table 5.1 summarizes the benefits that we were able
to quantify for Pittsburgh.

Our analysis is subject to certain limitations. In extrapolating results from
national studies to Pittsburgh, we assumed that the relationship between air quality or
air quality regulations and the metrics we considered could be extrapolated to a dif-
ferent area. This approach is consistent with way in which health benefit estimates are
typically constructed (EPA, 2011a).

We also note that coming into compliance with the NAAQS entails costs on reg-
ulated industries. Estimating the costs of coming into compliance is outside the scope
of our study; because we do not conduct a cost-benefit analysis, our aim is not to make
specific policy recommendations. Instead, our goal in this study was to highlight some
of the links between improved air quality and local growth. Discussions of air quality
improvements often focus on health outcomes (on the benefit side) and direct costs (on
the cost side). One of our aims was to highlight issues, including impacts on workforce
productivity, business location decisions, and individual relocation decisions, that are
not typically part of these discussions. Our work may also help to encourage a dialogue
among policymakers, local organizations, and others interested in air quality and local
growth in the Pittsburgh region and elsewhere.

Our findings suggest that local policymakers and others concerned with improv-
ing air quality in Pittsburgh may find it worthwhile to consider several points. First,
the economic value associated with the health benefits of meeting the NAAQS in the
Pittsburgh region is substantial and includes immediate benefits to local businesses in
the form of reduced WLDs. Second, regulated industries face costs associated with
improving air quality; however, our analysis suggests that, once national standards
are met, businesses in those regulated industries may have an easier time locating and
growing in the Pittsburgh region.

Table 5.1

Summary of Ways in Which Local Air Quality Influences Local Economic Growth

Effect Summary Relevance for Pittsburgh

Pathway 1: Health and Meeting NAAQS for ozone and  Annual benefit of $128 million for

workforce issues PM, ; can reduce incidences reducing ozone from 2012 levels
of various health outcomes, to the NAAQS
such as premature mortality, Annual benefit of $488 million for
emergency-room visits, and reducing PM, , from 2012 levels to
WLDs. the NAAQS

Pathway 3: Activity in requlated Coming into attainment with Being in attainment with the

industries the NAAQS can make it easier ozone standard is associated with

for regulated industries to locate eight more establishments, 1,900

and operate locally in the long more jobs, and $229 million more

run. output in regulated industries.
Being in attainment with the PM,
standard is associated with 400
more jobs and $57 million more in
output from regulated industries.
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Third, we found suggestive evidence that people do “vote with their feet” to live
in places with cleaner air, particularly when it comes to local relocations. Although
there is less empirical evidence on how air quality affects intercity migration decisions,
our stakeholder interviews offered anecdotal evidence that recruiters use all possible
tools when convincing potential employees to move to a particular city. The fact that
Pittsburgh does not meet national air quality standards thus removes one potential
tool from recruiters’ toolkits. Encouraging local human resource departments in Pitts-
burgh firms to gather information from applicants about what factors played a role in
their decisions to accept or reject an offered job, or using recruiting or survey data to
examine the reasons that candidates from other parts of the country would or would
not be willing to consider taking a job in Pittsburgh, could be important next steps in
understanding the impacts of Pittsburgh’s air quality on its potential to attract future
residents.






APPENDIX A
Summary of Included Literature

Tables A.1 through A.7 summarize the literature we reviewed for this study.
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Table A1
Literature on Work-Loss Days

Author and Year

Published Study Date and Location

Key Pollutant or

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Crocker and Horst, 1973-1974, California

1981

Graff Zivin and Neidell, 2009-2010, California
2012

Hausman, Ostro, and 1976, United States

Wise, 1984

Ostro, 1987 1976-1981, United

States

Daily earnings of
agricultural citrus
pickers

Worker productivity

WLDs

WLDs, restricted-
activity days,
respiratory restricted-
activity days

Cross-sectional
regression model of
earnings on ozone
concentrations and
other factors

Longitudinal
regressions (including
fixed-effect
specifications) of
worker productivity
on daily ozone
concentration

Cross-sectional count
model of relationship
between lost workdays
and TSP

Cross-sectional

count model of the
relationship between
the outcomes and PM,

Required compensation
to pickers for ozone
concentrations ranges
from 0 to 7.4% of
earnings in the absence
of air pollution (mean of
2.2%).

10-ppb decrease in
ozone is associated
with a 5.5% increase in
worker productivity.

One-standard-deviation
increase in TSP is
associated with a 10%
increase in WLDs.

PM, , is positively
associated with WLDs,
restricted-activity

days, and respiratory
restricted activity in the
majority of years in the
sample.
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Table A.2

Literature on School-Loss Days

Author and Year
Published

Key Pollutant or

Study Date and Location Regulation Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Chen et al., 2000

Currie et al., 2007

Gilliland et al., 2001

1996-1998, Nevada PM,,, ozone, carbon School absenteeism

monoxide

1996-2001, Texas Carbon monoxide School absences

1996, California Ozone, NO,, PM, School absenteeism

Autoregression

of percentage
absenteeism on 24-
hour PM,, 1-hour
maximum carbon
monoxide, and 1-hour
maximum ozone with
control for potential
confounding factors

Difference-in-
differences strategy
controlling for
characteristics of
schools, years, and
attendance periods

Two-stage time-series
model; considered
potential sources

of bias, such as
incomplete control of
temporal trends and
temperature effects,
as well as incomplete
ascertainment through
sensitivity analyses

For every 1-ppm and 50-
ppb increase in carbon
monoxide and ozone,
the school absenteeism
rate would increase
3.79% and 13.01%,
respectively. PM, was
negatively correlated
with absenteeism.

Authors reported a
significant effect of
carbon monoxide on
school absences, when
carbon monoxide
exceeded air quality
standards and when
carbon monoxide was
75-100% of standards.

Short-term change in
ozone was associated
with increase in school
absences due to upper-
and lower-respiratory
ilinesses. An increase

of 20 ppb ozone was
associated with increases
of 63% for illness-related
absence rates, 83% for
respiratory illnesses, 45%
for upper-respiratory
illnesses, and 174% for
LRIs with wet cough.
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Table A.2—Continued

Key Pollutant or
Regulation

Author and Year

Published Study Date and Location

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Emission data from
EPA TRI

Mohai et al., 2011 2006-2007, Michigan

Peters et al., 1997 1991-1992, Sokolov,

Czech Republic

TSPs, PM,, SO,, particle
strong acidity (PSA),
sulfates (SO,)

Ransom and Pope, 1992 1985-1990, Utah PM

Academic performance
and student
attendance

School absences

School absenteeism

Ecological study
design correlating

air pollution levels
around public schools
with outcomes,
controlling for school
location, spending per
student, and school-
level socioeconomic
variables

Logistic regression
models, which
included a linear trend,
temperature, and
indicators of day of the
week

Absenteeism was
regressed on PM,
levels, temperature,
snowfall, and time
variables.

Schools located in areas
with the highest air
pollution levels tended
to have the lowest
attendance rates and
the largest proportion
of students failing state
educational testing
standards.

SO, and PSA were
significantly associated
with school absences

PM,, was significantly
associated with
absenteeism. An increase
in 28-day moving
average PM, of 100 pg/
m?3 was associated with
an increase in overall
absences equal to about
40%.
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Table A.2—Continued

Author and Year
Published

Key Pollutant or

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Romieu et al., 1992

Zweig, Ham, and Avol,
2009

Study Date and Location Regulation Key Outcome
1991, Mexico City PM,,, PM, , ozone Exacerbation of
childhood asthma
1998-2002; 2004-2005, PM,, PM,,, NO,, ozone Academic performance

California

(math and reading
scores)

Generalized estimating
equations models
assessing relationships
between increases in
pollution and peak
expiratory flow rate
and daily respiratory
symptoms, such as
lower-respiratory
illness (LRI)

Regression models with
school fixed effects
and controlling for
potential confounders

An increase of 20 pg/m?
of PM,, was associated
with an 8% increase in
LRI on the same day. An
increase of 10 pg/m?in
weekly mean PM, ; was
related to a 21% increase
in LRI. An increase of
50 ppb in ozone was
associated with a 9%
increase in LRI.

Study indicated that a
10% decrease in PM,,
PM, ,, or NO, would
raise math test scores by
0.15%, 0.34%, or 0.18%.
A 10% decrease in PM,
would increase reading
scores by 0.21%.
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Table A.3
Literature on Air Quality and Quality of Life

Author and Year
Published

Key Pollutant or

Study Date and Location Regulation

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Chapko and Solomon, 1972-1973, New York  SO,, smokeshade,

1976 City carbon monoxide,
oxidants
Di Tella and 1975-1997, SO,

MacCulloch, 2008 12 Organisation for
Economic Co-operation
and Development

countries

Gabriel, Mattey, and
Wascher, 2003

1981-1990, United
States

Ozone, carbon
monoxide,
environmental
regulation, number of
hazardous-waste sites

1984-1996, United PM
States

Levinson, 2009 . 0Zone, SO,,

carbon monoxide

Attendance at
recreational sites

Life satisfaction

Implicit “price”
associated with
amenities (including
cleaner air)

Self-reported
happiness

Regressions of
attendance on
pollution measures

Panel regression of life
satisfaction measures
on SO, controlling

for country and time
fixed effects, as well as
country-level variables

Estimation of a system
of three equations

for wages, quality-
adjusted housing costs,
and cost of living as a
function of locational
amenities, including
ozone and carbon
monoxide

Regression of self-
reported happiness
measures on pollution
levels. Controls for
county and year fixed
effects

Higher oxidant
concentrations are
associated with lower
attendance at one
recreational site. Higher
carbon monoxide
concentrations are
associated with lower
attendance at one site
but higher attendance at
another.

Lower levels of SO,
are associated with
higher life satisfaction
measures.

The number of
hazardous-waste sites
and lower air quality are
associated with negative
implicit prices.

Higher levels of PM, are
associated with lower
levels of happiness.
Results are negative

but not statistically
significant for other
pollutants.
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Table A.3—Continued

Main Methods,
Assumptions, and Types
of Evidence

Author and Year
Published

Key Pollutant or

Study Date and Location Regulation Key Outcome Main Findings

Luechinger, 2009

Luechinger, 2010

Neidell, 2006

Welsch, 2006

1985-2003, Germany

1979-1994, European
Union and Norway

1989-1997, California

1990-1997, Several
European countries

SO

2

SO

2

Smog alerts for ozone

NO,, TSP, lead

Life satisfaction

Life satisfaction

Attendance at three
outdoor facilities

Life satisfaction

Longitudinal regression
of life satisfaction
measures on SO,, which
is instrumented by a
regulation requiring
scrubbers at power
plants. Controls for
individual fixed effects,
time trends, and other
characteristics

Regression of life
satisfaction on SO,
concentrations.
Controls for
personal, household
characteristics, and
economic variables

Regressions of
attendance on
forecasted ozone
(which determines
smog alerts),

using a regression
discontinuity design
to compare days with
forecasted ozone just
above or below the
threshold for issuing
an alert

Longitudinal regression
of life satisfaction on
pollution measures.
Controls for country
and time fixed effects

Lower levels of SO,
are associated with
higher life satisfaction
measures.

Lower levels of SO,
are associated with
higher life satisfaction
measures.

Attendance at three
outdoor facilities
declines by 2-11%
when smog alerts are
announced, but the
effect declines when
alerts become more
frequent.

Lower NO, and lead
concentrations are
associated with
higher life satisfaction
measures.
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Table A.4
Literature on Environmental Quality and Individual Location Decisions

Main Methods,

Author and Year Key Pollutant or Assumptions, and Types

Published Study Date and Location Regulation Key Outcome of Evidence Main Findings

Banzhaf and Walsh, 1990-2000, California Toxicity-weighted Demographic counts Regression of change  Increased exposure

2008 index of TRl emissions in population from to TRI emissions
1990 to 2000 as a is associated
function of lagged with decreases in
exposure to TRI demographic counts.

emissions. Controls
for local-area fixed
effects and other
characteristics

Bayer, Keohane, and 1990-2000, United PM Housing values Two-stage model, Estimated elasticity of
Timmins, 2009 States in which first stage WTP with respect to air
involves a discrete- quality of 0.34-0.42,
choice model to implying that the
estimate the utility median household
of living in a metro would be willing to pay
area (to account for $149-$185 in 1982-1984
the fact that moving dollars for a 1-pg/m3
is costly) and the reduction in PM.

second stage regresses
utility on air pollution
concentrations.

Air pollution is
instrumented with
pollution from distant
sources.
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Table A.4—Continued

Key Pollutant or
Regulation

Author and Year

Published Study Date and Location

Key Outcome

Main Methods,
Assumptions, and Types

of Evidence Main Findings

Cebula and Alexander, 2000-2004, United
2006 States

Hazardous-waste sites,
toxic-chemical releases

Chay and Greenstone, 1970-1980, United TSP
2005 States

Net in-migration rate

Housing values

Regression of net
in-migration rate

Higher prevalence of
hazardous-waste sites
to a state between and chemical releases
2000 and 2004 on are associated with
percentage distribution lower net in-migration
of hazardous-waste rates.

sites in the state on

the National Priorities

List and per capita

toxic-chemical releases

in the state. Controls

for various state

characteristics and

economic conditions

Hedonic regression

of housing values on
mean TSP by county.
Uses nonattainment
status as an instrument
for TSP change,
comparing counties
just above or below
the threshold for
nonattainment.
Controls for observable
county characteristics
and region fixed
effects

Elasticity of housing
values with respect to
TSP ranges from -0.20 to
-0.35.
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Table A.4—Continued

Key Pollutant or
Regulation

Author and Year

Published Study Date and Location Key Outcome

Main Methods,
Assumptions, and Types
of Evidence

Main Findings

“Clean environment” Importance of various
quality-of-life factors

Foster, 1977 1974-1976, United

States and Canada

Gottlieb, 1994 1962-1992, various Environmental quality =~ Amenity rankings

Hekman, 1982 1978-1982, North
Carolina, South

Carolina, and Virginia

Rankings of quality-of-
life factors

Quality of air and
water

Survey of 8,846 firms
in the United States
and Canada that asked
respondents about
trade-offs between
economic factors and
quality-of-life issues

Review of eight studies
that surveyed firms
about amenities

Survey of business
executives on the
importance of various
economic and quality-
of-life factors

Among U.S.
respondents, “clean
environment” was
ranked as “important
personally” by 56% of
respondents; “important
to plant operation” by
30% of respondents,
and “important to key
personnel” by 40% of
respondents.

Average rank for
“environmental quality”
is third among all firms,
first among high-tech
firms.

Air and water quality
were among the top-
ranked quality-of-life
factors. Quality-of-
life factors were
typically considered
less important than
economic factors.
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Table A.4—Continued

Main Methods,
Assumptions, and Types
of Evidence

Author and Year
Published

Key Pollutant or

Study Date and Location Regulation Key Outcome Main Findings

Malecki and Bradbury,
1992

Porell, 1982

Smith and Huang, 1995

1988, United States

1965-1970, United
States, 25 MSAs

1967-1988, various

Environmental quality

TSP, SO,, annual
inversion frequency
(factor score from first
principal component
index)

PM

Ratings of attributes
considered important
in locational choices

Migration between
metropolitan areas

Housing values

Surveys of research and
development facilities
and professional and
technical workers at
those facilities.

Three-stage “gravity”
model of migration

as a function of
population, economic,
and quality-of-life
variables. Controls

for metro-area fixed
effects

Meta-analysis of

37 studies estimating
the relationship
between PM
concentrations and
housing values

Firms ranked

environmental quality as

fifth in terms of needs

at their present sites and

first in terms of needs
at their “ideal” sites, as
well as needs for their
employees. Workers
ranked environmental
quality as fifth at their

present sites and second

at their “ideal” sites.

Air pollution variable

is negatively correlated
with in-migration.
Implied elasticities of
in-migration are -0.039,
—-0.041, and -0.019 for
TSP, SO,, and annual
inversion frequency,
respectively.

Estimated marginal
WTP for a 1-pg/m3
reduction in TSP has a
mean of $109.90 and a
median of $22.40, with
an interquartile range
from $0 to $98.52 in
1982-1984 dollars.
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Table A.5

Literature on Air Quality Regulations and Firm Location Decisions

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Greenstone, List, and
Syverson, 2012

Jeppesen, List, and
Folmer, 2002

List, McHone, and
Millimet, 2003

1972-1993, United
States

1963-1990, various

1980-1990, New York
State

Nonattainment status
for ozone

Environmental
regulation measures
(various)

Nonattainment status
for ozone

Plant exits, total factor
productivity (TFP)

Various measures of
firm location, new firm
births, and foreign
direct investment

Number of new
relocating plants in
pollution-intensive
industries

Plant-level panel
regression of TFP

and plant exit

on interaction
between county’s
nonattainment

status and being in

a pollution-intensive
industry. Controls for
plant-level fixed effects

Methods of included
studies vary but are
typically based on
regression methods.

Two methods are
used to examine
relationship between
nonattainment status
and relocation choices;
(1) count model with
county fixed effects
and (2) propensity
score matching of
attainment and
nonattainment areas.

Among surviving plants
in polluting industries,
nonattainment status
is associated with
lower TFP and greater
likelihood of plant exit.

First wave of studies
typically did not find
robust association
between regulations and
firm location. Second
wave tended to find

that regulations have a
negative effect on firm
location.

Nonattainment status

is associated with fewer
new relocating plants
in pollution-intensive
industries, although the
results are not always
statistically significant.
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Table A.5—Continued

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

List, Millimet,
Fredriksson, et al., 2003

List, Millimet, and
McHone, 2004

Morgan and Condliffe,
2009

1980-1990, New York Nonattainment status

State

for ozone

1980-1990, New York Nonattainment status

State

1996-2000, United
States

for ozone

Nonattainment status
for ozone, particulates,
carbon monoxide, and
SO,

Number of new plants
in pollution-intensive
industries

Plant modifications and

closures

New births of polluting
plants

Propensity score
estimator used to
match nonattainment
and attainment

areas to examine the
relationship between
nonattainment and
new plant formations

Two methods are
used to examine
relationship between
nonattainment
status and plant
modifications or
closures: (1) count
model with county
fixed effects and

(2) propensity

score matching of
attainment and
nonattainment areas.

Count model with fixed
effects of plant births
on nonattainment
status. Includes county
fixed effects and other
controls

Nonattainment status
is generally associated
with fewer new plants
in pollution-intensive
industries, although
results are not always

statistically significant.

Nonattainment status
is generally associated
with fewer plant
modifications, but
there is no systematic
relationship between
nonattainment status
and plant closures.

Nonattainment status
for ozone and PM is
negatively associated
with plant births in
pollution-intensive
industries.
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Table A.6
Literature on Air Quality Regulations and Cost and Productivity

Key Outcome

Main Methods,
Assumptions, and
Types of Evidence

Main Findings

Author and Year Key Pollutant or
Published Study Date and Location Regulation
Becker, 2005 1979-1988, United Nonattainment status
States
Berman and Bui, 2001 1979-1992, South Local air pollution
Coast Air Quality regulations for oil

Management District  refineries

Air pollution
abatement
expenditures

Productivity of oil
refineries

Regression of firm air
pollution abatement
expenditures on
nonattainment
status interacted
with whether a firm
is a high emitter

of a regulated
pollutant. Controls
for county-by-year
fixed effects and firm
characteristics

Comparison of TFP
changes from 1982
to 1992 in South
Coast Air Quality
Management District,
which faced more-
stringent regulations,
and the rest of the
United States

Pollution-intensive firms
in nonattainment areas
generally had higher

air pollution abatement
expenditures, although
the magnitude and
statistical significance
of the results varies by
pollutant and regression
method.

South Coast refineries
experienced an increase
in productivity, relative
to U.S. refineries, during
a time when pollution
regulations were
increased to a greater
extent in South Coast.
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Table A.6—Continued

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,
Assumptions, and
Types of Evidence

Main Findings

Boyd and McClelland,
1999

EPA, 2011a

1988-1992, United
States

1990-2020
(projections), United
States

SO, and TSP emissions

(to air); biological
oxygen demand

and total suspended
solids (to water); and

chlorine, methane, and

sulfuric acid (toxic)

VOC, NO,, carbon
monoxide, SO,, PM,,

PM, ., ammonia

Efficiency among
integrated paper mills

Direct cost estimates
of compliance with
the 1990 Clean Air Act
Amendments

Examines the
relationship between
plant efficiency

and pollutant
emissions to examine
whether there

are cases in which
plants could reduce
input usage and
pollution emission
(while maintaining
productivity). Models
pollution regulations
by removing the
assumption of free
disposal for pollution,
and measures output
loss due to pollution
regulations using the
distance of the plant
from the production
set boundary

Estimated direct costs
using a combination
of per-unit cost
measures and least-
cost optimization
measures

Production is 9% lower
due to environmental

constraints. However, the

paper industry may be

able to reduce both inputs

and pollution by 2-8%
while maintaining the

same level of productivity.

Direct cost of compliance

with 1990 amendments
is estimated to be

$19.9 billion in 2000,
$53 billion in 2010, and
$65.5 billion in 2020 (in
2006 dollars).
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Table A.6—Continued

Key Outcome

Main Methods,
Assumptions, and
Types of Evidence

Main Findings

Author and Year Key Pollutant or
Published Study Date and Location Regulation
Gray and Shadbegian, 1979-1990, United Pollution expenditure,
1995 States compliance status,

enforcement activity,
and emissions

Hammitt, 2000 1986-1988, United Chlorofluorocarbons
States (CFCs)

TFP in paper, oil, and
steel industries

Costs of compliance
with the Montreal
Protocol on Substances
That Deplete the
Ozone Layer (Ozone
Secretariat, 1988)

Cross-sectional and
panel regressions

of TFP on various
measures of pollution
regulation

Compares cost
estimates from

ex ante and ex

post studies of
implementation of
the Montreal Protocol

Cross-sectional regression
results indicate that
higher abatement costs
are correlated with

lower productivity. Panel
regression results do not
indicate a statistically
significant relationship
between abatement
costs and productivity.
No statistically significant
relationship was found
between other measures
of regulations and
productivity.

Ex ante estimates
substantially overestimate
the cost of limiting
trichlorofluoromethane
and
difluorodichloromethane
consumption and
modestly underestimate
cost of limiting
trichlorotrifluoroethane
consumption. Ex post
estimates underestimate
the marginal cost of
limiting CFC consumption.
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Table A.6—Continued

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,
Assumptions, and
Types of Evidence

Main Findings

Harrington,
Morgenstern, and
Nelson, 2000

Jaffe and Palmer, 1997

Jaffe, Peterson, et al.,
1995

Lanjouw and Mody,
1996

Largely United States,

some international

1974-1991, United
States

1970-1980 (for

productivity outcomes),

various

1971-1988, United
States, Germany, and
Japan

Various

Environmental
compliance
expenditures

Environmental
regulations

Pollution abatement
expenditures

Costs of compliance

with 28 rules (including
multiple environmental

regulations)

Research and
development
expenditures and
patent counts

Firm productivity (and
other outcomes)

Share of patents in
pollution control
technology

Compares ex ante
estimates of the
direct cost of
compliance with
28 regulations with
ex post estimates

Panel regression of
R&D expenditures
and patent counts on
pollution abatement
expenditures by
industry. Controls
for industry
characteristics and
industry and time
fixed effects

Survey of existing
literature on
environmental
regulations and U.S.
manufacturing firms

Descriptive analysis
of relationships
between pollution
abatement
expenditures and
patent shares

Ex ante estimates
overestimated costs

in 14 cases and
underestimated costs in
three cases (out of 28). For
EPA regulations, ex ante
estimates overestimated
cost in seven cases and
underestimated cost in
two cases (out of 13).

Lagged environmental
compliance expenditures
are associated with higher
R&D expenditures but not
with patent counts.

With respect

to productivity,
environmental regulations
accounted for 8-16% of
the productivity slowdown
of the 1970s.

Pollution abatement
expenditures appear to

be related to subsequent
patenting in related fields.

24n3etai] papnpuj jo Alewwnsg

L9



Table A.6—Continued

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,
Assumptions, and
Types of Evidence

Main Findings

Lanoie, Patry, and
Lajeunesse, 2008

Nelson, Tietenberg,
and Donihue, 1993

Popp, 2006

1985-1994, Quebec

1969-1983, United
States

1967-2000, United
States, Germany, and
Japan

Ratio of the value

of pollution control
equipment to total cost
in an industry during a
time period

Value of electric
utility’s air (and total)
pollution control
equipment

Regulations for NO,
and SO,

Industry productivity
for 17 sectors

Emissions, age of
capital

Patent counts

Panel regression of
TFP on environmental
regulation at the
industry level.
Controls for industrial
characteristics and
industry and time
fixed effects

Three-stage
regressions relating
age of capital,
emissions, and
regulations faced by
44 electric utilities
(proxied by value

of pollution control
equipment)

Descriptive analysis of
patent counts related
to NO, and SO,
control techniques
following regulations

Contemporary
environmental regulation
is negatively associated
with productivity; lagged
environmental regulation
is positively associated
with productivity.

Higher pollution-

related expenditures are
associated with increased
age of capital among
electric utilities and with
decreased emissions,

but increased age is not

associated with emissions.

Patent counts appear to
increase in the United
States and Germany
after regulations were
enacted in the country
but not after regulations
were enacted in other
countries.
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Table A.7

Literature on Air Quality Regulations and Employment

Author and Year
Published

Study Date and Location

Key Pollutant or
Regulation

Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Duffy-Deno, 1992

Greenstone, 2002

Morgenstern, Pizer,
and Shih, 2002

1974-1982, United
States

1967-1987, United
States

1979-1991, United
States

Air pollution
abatement
expenditures in an
MSA

Nonattainment status
for carbon monoxide,
ozone, SO,, and TSP

Pollution abatement
expenditures

Manufacturing
earnings and
employment in an MSA

Employment, capital
stock, and shipments

Employment in four
industries. Focus on
effect of regulations
on employment via
three channels: cost
effect, factor-shift
effect, and demand
effect

Panel regression

of manufacturing
earnings and
employment on air
pollution abatement
expenditures. Controls
for MSA characteristics
and fixed effects

Plant-level panel
regression of
percentage change

in manufacturing
activity on interaction
between county’s
nonattainment

status and being in

a pollution-intensive
industry. Controls

for plant-level fixed
effects and county and
industry trends

Estimate a structural
cost model and
demand elasticities,
which are, in turn, used
to estimate effects

on each of the three
channels

Higher pollution
abatement expenditures
are associated with
lower earnings and
employment, although
the relationship is not
always statistically
significant.

Nonattainment status
is associated with lower
employment, although
the results vary to some
extent across regulated
pollutants.

Across the four
industries, increased
pollution abatement
expenditures are
associated with a net
gain of 1.5 jobs per

$1 million in incremental
expenditure, but the
relationship is not
statistically significant.

2.4n3eai] papnpuj 4o Alewwng

69



Table A.7—Continued

Author and Year
Published Study Date and Location

Key Pollutant or
Key Outcome

Main Methods,

Assumptions, and Types

of Evidence

Main Findings

Walker, 2012 1990-2000, United
States

1990 Clean Air Act
Amendments

Employment and

Panel regression of
earnings on county’s
nonattainment status
and being employed in
a pollution-intensive
industry. Examines the
effect of regulations
on polluting sectors

in newly designated
nonattainment areas,
while controlling

for trends in county
outcomes and in
sectoral outcomes

Following the 1990
amendments, workers in
newly regulated plants
experienced wage losses
for approximately eight
years.
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APPENDIX B
Interview Protocol

This appendix presents the interview protocol we used for the study.

Introduction

We are conducting a study on the links between air quality and economic development
in Allegheny County. The project is part of the Breathe Initiative Project sponsored by
the Heinz Endowments.

Southwestern Pennsylvania has made enormous progress in reducing air pollu-
tion over the last few decades but still does not achieve the EPA’s standards for two air
pollutants (ozone and particulate matter) and is considered a nonattainment area for
these two pollutants. Our goal in this project is to understand the extent to which local
air quality, including the region’s nonattainment status, may affect local economic
development.

We are speaking with firms, community organizations, government agencies,
and other local stakeholders to understand how Allegheny County’s air quality, or its
nonattainment status, might affect the decisions that firms and individuals make, for
example, with respect to plant location, day-to-day operations, long-term planning, or
housing and recreation choices. These discussions will inform our final report, but any
comments made during the interviews will not be attributed to a specific individual or
organization.

Introductory Questions

* Do you see Allegheny’s air quality as an important concern for the area? If so, in
what specific ways does air quality pose a concern?

* Has your organization been involved with any efforts to reduce or manage air
pollution in Allegheny County?

* Are you aware of any ways in which air quality has played a role, either positive or
negative, in local economic development?
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Firm Location Issues

One concern that often comes up when air quality and air quality regulations are dis-
cussed is the idea that these factors may affect the decisions of firms to locate here.

* Before choosing to open or relocate to this area, did you consider other locations?
Which other locations did you consider, and why did you choose your current
location?

* To what extent, if at all, did Allegheny County’s air quality, or environmental
regulations targeted at improving air quality, affect your firm’s decision to locate
here?

e Ifair quality played a role in your location decision, was it air quality directly that
mattered or was it the regulatory measures that are in place to improve air qual-
ity? In what way did these issues affect your location decision?

* Do Allegheny County’s air quality or environmental regulations targeted at
improving air quality affect your planning in terms of expansion or future site
location?

e Did Allegheny County’s environmental regulations targeted at improving air
quality affect your decision to locate here?

e What are the key factors that firms consider when deciding whether to open or
expand operations in Allegheny County?

* To what extent, if at all, do Allegheny County’s air quality or environmental
regulations targeted at improving air quality affect firms’ decisions to locate or
expand here?

* Are there specific types of firms that are more affected by local air quality or envi-
ronmental regulations targeted at improving local air quality?

e If air quality plays a role in firm location decisions, is it air quality directly that
matters or [are effects on those decisions] because of regulatory measures that are
in place to improve air quality? In what way do these issues affect firm location
decisions?

e Can you think of any firms that considered locating in Allegheny County but
did not come here? What were the major factors in that decision? Did air quality
directly, or environmental regulations to achieve better air quality, play any role?

Day-to-Day Operations and Employment

We would also like to discuss the extent to which air quality may affect firms’ day-to-
day operations or decisions.

* Do Allegheny County’s air quality or environmental regulations targeted at
improving air quality affect your firm’s operating costs?
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* Do Allegheny County’s air quality or environmental regulations targeted at
improving air quality affect the number or types of workers you hire?

* Do Allegheny County’s air quality or environmental regulations targeted at
improving air quality affect your decisions about when or how to upgrade your
equipment?

* Do Allegheny County’s air quality or environmental regulations targeted at
improving air quality affect [your] major investors (or potential investors’) deci-
sions about whether and how much to invest locally?

* Does Allegheny County’s air quality affect your workers’ performance or absences
in any way? If so, are there specific types of workers who are affected?

* Are you aware of any ways in which Allegheny County’s air quality affects [your]
firm’s health care costs?

* Are there any other ways in which Allegheny County’s air quality or environmen-
tal regulations targeted at improving air quality affect your day-to-day operations?

Worker Location and Other Household Issues

We are also interested in your opinion about whether residents consider air quality
issues when deciding whether to move into or out of Allegheny County, or where to
live.

* From where does your firm [or do local firms] typically recruit workers?

* Are most of your members originally from the local area? If not, where do they
typically come from?

* Do you ever have trouble hiring workers? If so, are there specific types of workers
whom you tend to have trouble hiring?

* When people are deciding whether to live in Allegheny County, what other areas
do they usually consider?

e What are the major factors people consider when deciding whether to live in
Allegheny County?

* Do potential new residents ever mention barriers to moving to Allegheny County,
or key factors in their decisions about whether to relocate? What are the major
factors?

* Do current residents who choose to leave the area ever mention reasons for leav-
ing Allegheny County, or key factors in their decisions about whether to relocate?
What are the major factors?

* Do potential new residents or residents who choose to leave Allegheny County
ever discuss air quality in Allegheny County when making a location decision? If
so, are there specific types of workers who are most concerned about air quality
issues?
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* Do new residents ever ask about air quality when making a decision about where,
within the local region, to rent [or] buy a home? If so, are there specific types of
residents who are most concerned about air quality issues?

* Do new residents with children ever express concerns about the effect of air qual-
ity on child health, school absences, or other issues?

e What are the major factors that students consider when deciding whether to
attend [a Pittsburgh-area university]? Does air quality play any role?

Tourism and Broader Regional Issues

We would like to discuss whether air quality issues play any role in local tourism and
other, related issues in the area.

e What are the major issues that local residents consider when deciding where to
spend their vacations?

* Do local residents often take day trips to local recreational areas?

* What types of activities do local residents typically do on local day trips?

* Does Allegheny County’s air quality affect local residents’ decisions about whether
to take local day trips, or what activities to do?

e What are the major issues that nonresidents consider when deciding whether to
take a vacation in Allegheny County?

* What types of activities do nonresidents do on vacation in Allegheny County?

* Does air quality play any role in nonresidents’ decisions about whether to take
vacations in Allegheny County, or what activities to do?

* Are you aware of any ways in which air quality affects the region’s agriculture?

* Are you aware of any ways in which air quality affects the region’s ecosystems?

Planning Issues

Finally, we would like to discuss what role, if any, air quality plays in long-term,
regional planning issues.

* To what extent is Allegheny County’s air quality a consideration in planning deci-
sions with respect to transportation, commercial and residential development, or
other issues?

e If air quality is a consideration in long-term planning, is it air quality directly
that matters or is [any effect] because of regulatory measures that are in place to
improve air quality?

e What are the major challenges to achieving national air quality standards in

Allegheny County?
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Wrap-Up

We will be using the information gathered during our interviews, along with a review
of the literature on air quality and economic development, to inform our final report.
As we mentioned at the beginning, any comments made during the interviews will not
be attributed to a specific individual or organization. The final report will be available
to the public and should be ready by the end of the year.

* Are there any other ways that we have not discussed in which you feel that air
quality affects local economic development?

e What would change for your organization if air quality were considerably better
or were better than most cities of Pittsburgh’s size? What would change for the
region?

e What other people or organizations would you suggest we speak to about air
quality and economic development issues in Allegheny County?






APPENDIX C
Site Selection Process

This appendix summarizes our discussions with site selection firms regarding the pro-
cess they use to help firms select new sites.

Overview of the Site Selection Process

The firms we interviewed indicated that they often begin by conducting an initial
screening. This screening may be nationwide, or it may be limited to a geographic
region requested by the client. The screening criteria are specific to the individual client
but often include ease of access to suppliers, customers, and resources and the avail-
ability and cost of qualified labor.

Interviewees indicated that certain screening criteria might be relevant to only
some firms. For example, firms siting a headquarters may consider direct connections
for airline flights a critical component of access to suppliers and customers. Businesses
that will emit significant amounts of pollution from a new plant will consider whether
an area is in attainment with the NAAQS. Those that are concerned about recruiting
employees to a new location will consider quality-of-life factors, such as housing prices,
school quality, access to public transit, crime, and the culture and amenities of a poten-
tial site. This may be particularly true for clients that expect to recruit employees from
outside the region, such as a headquarters or a high-technology firm.

Once a short list of several regions has been developed, other factors also become
important. Again, these factors depend on the specific client but often include avail-
ability of developed sites; access to infrastructure; governance and regulatory issues,
such as taxes, incentives, or ease of permitting; utility costs; and (for clients expecting
to recruit employees from outside the region) quality of life for employees. These fac-
tors can vary within a region and can play an important role in the selection of the
final, specific site.

77



78 Links Between Air Quality and Economic Growth: Implications for Pittsburgh

Air Quality and the Site Selection Process

Our interviews with site selection firms and businesses generally suggested that air
quality specifically was not usually an important factor considered by firms when
thinking about attracting employees to a region. Nonetheless, we did hear some anec-
dotal evidence that certain sensitive populations do respond to days with poor air qual-
ity by avoiding the outdoors and that some potential recruits do conduct research on
air quality in the Pittsburgh region prior to deciding whether to relocate there. One
site selection firm representative indicated that air quality issues did come up in terms
of worker recruiting, generally for relocations involving national recruiting or a large
number of transferees.

Two site selection firms also indicated that certain types of firms—for example,
high-technology companies or “green” industry firms—might decide not to locate in
nonattainment areas, particularly those that are considered “severe” nonattainment
areas or those that are not working to address their air quality issues. The decision
would be for strategic reasons (for example, because of reputational issues for the com-
pany), as well as concerns among employees and other stakeholders, even those not
moving to the area.

Air Quality Regulations in Nonattainment Areas

Several site selection firms indicated that permitting takes significantly longer in nonat-
tainment areas than in attainment areas; one interviewee noted that, in some cases, the
process could take up to two or three years. The main reason for the longer time frame
is that the new source would be required to show that it meets the LAER requirements
and to conduct modeling necessary to show that it would not have a significant impact
on air quality. These activities, coupled with review of the modeling by local regulators
and public comment, would increase the permitting time.

Offsets would also be required for major sources locating in nonattainment areas.
Our discussions with local regulators indicate that this issue is a potential challenge in
Pittsburgh. In Pennsylvania, firms that shut down or that reduce their emissions below
required standards can “bank” offsets with the Pennsylvania Department of Environ-
mental Protection (DEP). A firm seeking to expand or move into the area can either
reduce its own existing emissions (in the case of an expansion) or purchase offsets from
another firm; DEP serves as a broker in such an exchange. Our interviews indicated
that offsets for ozone precursors (NO_and VOCs) are generally available in the region
but that offsets for PM, | have not been available for several years. Therefore, a new
firm that would be a major PM, , emitter would find it difficult to locate in the state.

Several site selection firms indicated that facilities that would be considered major
emission sources typically avoid nonattainment areas altogether. For a facility that is
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not expected to be a major source of emissions, our interviews suggested that nonat-
tainment status does not play a role in the siting decision.

Some interviewees suggested that, for major emitters, the elimination of nonat-
tainment areas would take place during a preliminary screening of locations. In other
cases, environmental regulations might play a role after a short list of areas has been
selected, at which point an environmental engineering firm would often be engaged.
One site selection firm indicated that it interviews other firms in the local area to
determine how long it would take to get permits, including air and water permits. A
projected timeline of more than three to four months would be considered a disadvan-
tage for the area. In general, representatives of site selection firms and major emitters
indicated that the concern about nonattainment areas centered not on additional costs
but rather on the increased length of time and uncertainty surrounding permitting and
offset issues.!

Our discussions with site selection firms indicated that the screening process is
affected by many factors, particularly after the short list has been determined. For
example, during the initial screening, only current attainment status might be used.
However, attainment history might be taken into account in later stages, and a major
emission source may exclude an area just below the nonattainment threshold. In addi-
tion, some major emitters might have a compelling reason to locate in a nonattainment
area, which could outweigh the costs and uncertainties associated with nonattainment
status. We were also told that screening based on nonattainment might not end up
playing a major role in selection. For example, one representative noted that an entire
metropolitan area might be screened out if one county is out of attainment; however,
such areas may already have been screened out based on labor costs.

I Our interviews with Allegheny County regulators indicated that the permitting process for a major emission

source attempting to expand or locate there would take about 12 months, versus four to six months for a nonma-
jor source.






APPENDIX D

Detailed Health Benefit Estimates

This appendix presents estimates of the health benefits associated with reducing PM,
concentrations from 2012 levels to the current NAAQS. Table D.1 presents the results
for all key health endpoints covered in Table 4.1 in Chapter Four, while Table D.2
presents the more-detailed results for WLDs. In both cases, the estimated effects on
incidence and the associated valuations are presented for meeting the yearly and daily
scenarios separately. We present the results separately here in order to present the asso-
ciated uncertainty (expressed as standard deviations). When combined, the numbers
from the two scenarios add up to the values presented in Tables 4.1 and 4.3 in Chapter
Four.
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Table D.1
Effect That Meeting the New PM, , Standard Could Have on Key Health Endpoints: Yearly
and Daily Scenarios

Incidence Valuation ($ thousands)
Standard Standard Standard

Endpoint Scenario Mean Deviation Amount Deviation
Acute bronchitis Yearly 40 23 15 9

Daily 32 19 12 7
Acute myocardial Yearly 5 2 246 110
infarction

Daily 4 2 200 90
Asthma Yearly 845 423 132 67
exacerbation

Daily 681 341 106 54
Chronic Yearly 23 1 3,539 1,642
bronchitis

Daily 19 9 2,866 1,330
Emergency-room Yearly 21 1 6 3
visits, respiratory

Daily 17 9 4 2
Hospital Yearly 9 4 228 109
admissions,
cardiovascular Daily 7 4 186 89
Hospital Yearly 10 2 221 45
admissions,
respiratory Daily 8 2 181 37
Premature adult Yearly 49 11 268,339 128,482
mortality

Daily 40 9 217,846 104,312
Upper- Yearly 733 286 19 1
respiratory
symptoms Daily 590 231 15 9
WLDs Yearly 4,003 293 474 35

Daily 3,240 237 384 28
Total Yearly 267,267 121,288
Total daily 220,526 98,105
Total 487,793

SOURCE: Authors’ calculations using EPA’s BenMAP software, with ambient air quality values updated
to reflect 2012 concentrations in the Pittsburgh MSA.

NOTE: The total valuation is based on a Monte Carlo simulation of the underlying results for each
endpoint and is therefore not equal to the sum of the individual valuations.
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Table D.2
Detailed Results for the Effect That Meeting the PM, , Standard Could Have on Work-Loss
Days: Yearly and Daily Scenarios

WLDs Valuation ($)

Standard Standard Standard

Incidence Scenario Number Avoided Deviation Amount Deviation
Large MSA Yearly 7,281 533 958,190 70,183
Daily 5,893 432 775,539 56,817
Midwest Yearly 7,294 534 959,912 70,309
Daily 5,904 433 776,933 56,920
Northeast Yearly 8,178 599 1,076,195 78,827
Daily 6,619 485 871,051 63,815

SOURCE: Authors’ calculations using EPA’s BenMAP software, with ambient air quality values updated
to reflect 2012 concentrations in the Pittsburgh MSA.

NOTE: We assumed that the Pittsburgh MSA would meet the annual standard first and then employ
strategies to meet the daily standard.






APPENDIX E

Industry Codes

Tables E.1 and E.2 show the mapping we used to translate SIC codes into NAICS
codes for pollution-intensive industries.

Table E.1
Industries Included in Establishment Estimates
Industry SIC Code NAICS Code
Industrial organic chemicals 286 32511, 325132, and 32519
Petroleum refining 291 324110
Plastic materials and synthetics 282 3252
Miscellaneous plastics 308 3261
Primary steel 331 331111 and 3312
Table E.2
Industries Included in Output and Employment Estimates
Industry SIC Code NAICS Code
Printing 2711-2789 323
Organic chemicals 286 32511, 325132, and 32519
Rubber and miscellaneous plastic 30 326
products
Fabricated metals 34 332
Motor vehicles, bodies, and parts 371 3361, 3362, and 3363
Lumber and wood products 24 113310 and 321
Petroleum refining 291 324110
Stone, clay, glass, and concrete 32 327
Pulp and paper 2611-2631 3221
Iron and steel 3312-3313 and 3321-3325 3311, 3312, and 33151
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The Pittsburgh region has seen improvements in its air quality during the past several decades.
However, it remains out of compliance with the National Ambient Air Quality Standards
(NAAQS) set by the U.S. Environmental Protection Agency, notably for ozone and particulate
matter. This report asks what evidence exists for the ways in which local air quality could
influence local economic growth through health and workforce issues, quality-of-life issues, or
air-quality regulations and business operations and how those effects might be relevant to the
Pittsburgh region. It assesses the evidence for each effect based on a review of the existing
literature then extrapolates some of the existing results to the Pittsburgh region.

The authors find that meeting the NAAQS for ozone and particulate matter would be
associated with improved health outcomes valued at approximately $128 million and $488 million,
respectively. Although regulated industries do face costs associated with improving air quality,
meeting the NAAQS can make it easier for businesses in regulated industries to locate and
operate in the Pittsburgh region in the long run. By extrapolating estimates from national
studies to the Pittsburgh region, the authors estimate that being in attainment with the NAAQS
for ozone would be associated with approximately eight more establishments in regulated
industries in the Pittsburgh region. Meanwhile, being in attainment with the NAAQS for ozone
and particulate matter would be associated with approximately 1,00 and 400 more jobs and
with $229 million and $57 million more output, respectively, from regulated industries in the
Pittsburgh region.
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