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Abstract: The only comprehensive source of the actud costs of environmentd abatement
activities in the United States has been the Pollution Abatement Costs and Expenditures
(PACE) survey. Thissurvey collects facility-level data on capital and operating costs of
pollution abatement, focusing on fadilities in the manufacturing, mining, and eectric utility
indudtries. The cost information reflects most environmentaly related expenditures, including
compliance with locd, date, and federd regulations, and voluntary or market-driven pollution
abatement activities. Between 1973 and 1994 (but excluding 1987), the Bureau of Census
conducted the PACE survey annudly. After a5-year lapse, it was reingtated in 2000,
following aredesign, and collected data on 1999 expenditures. Subsequent to the 1999 PACE
survey, no further surveys have been conducted. This report discusses the PACE survey and
issues surrounding it, and offers suggestions for how to address some of theseissues. This
report is part of alarger project under contract with US EPA to redesign the PACE Survey
with the god of developing a survey that will be implemented on an annud basis.
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SECTION 1

INTRODUCTION

11 Overview

Ex post, or retrogpective, andyses of the economic effects of environmentd policies
and programsrely, in large part, on data regarding the actua costs of these abatement activities.
Thisinformation is useful both for answering questions such as what has been the economic cost
of Section 812 of the Clean Air Act (CAA) or what has been the impact of the Act on
productivity growth or internationd trade. It isaso an important source of information for
developing better ex ante, or prospective, estimates of the costs of proposed environmental
regulations. Accurate projections of these costs are essentid, because they may influence the
selection of regulatory options, and the information will facilitate improvements in design of

regulations, which may improve their cost-effectiveness.

The only comprehensive source of the actud costs of environmenta abatement
activitiesin the United States has been the Pollution Abatement Costs and Expenditures
(PACE) survey. Thissurvey collects facility-level data on capital and operating costs of
pollution abatement, focusing on facilities in the manufacturing, mining, and eectric utility

indudtries. The cost information reflects most environmentaly related expenditures, including
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compliance with locd, Sate, and federa regulations, and voluntary or market-driven pollution
abatement activities! Between 1973 and 1994 (but excluding 1987), the Bureau of Census
conducted the PACE survey annualy. After a5-year lapse, it was reingtated in 2000,
following aredesign, and collected data on 1999 expenditures. Subsequent to the 1999 PACE

survey, no further surveys have been conducted.

Collecting accurate information on pollution-related expenditures from awide variety of
diverse facilities poses arange of chalenges, epecidly asthe actions taken by businessesto
abate or prevent pollution become ever more complex. Over time, government and academic
users of data collected by the PACE surveys have identified a number of issues with the survey
design. In March 2000, as part of the effort to improve the survey instrument, Resources for
the Future (RFF) hosted a workshop to discuss these concerns. This report discusses the
PACE survey and issues surrounding it, including those highlighted by the RFF workshop. One
other notable source isan articletitled “ A Change of PACE: Comparing the 1994 and 1999
Pollution Abatement Costs and Expenditures Surveys’ by Becker and Shadbegian (2004),
which includes recommendations for future revisons of the PACE survey. These suggestions
are combined with those from other experts to propose methods of addressing difficulties faced

by the survey.

!Because cost data are collected at the facility level, costsincurred at the corporate level (such as research and
development) are not included in the survey.

1-2
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Thisreport is part of alarger project under contract with US EPA to redesign the

PACE Survey with the god of developing a survey that will be implemented on an annua basis.

1.2  Expenditure Data from the PACE Survey

The PACE survey collects expenditure data related to pollution abatement, which
consgsof pollution treatment (actions to reduce or eiminate pollution that has been
generated during production processes), pollution prevention (actions to prevent creation of
pollution in the first place), recycling, and disposal.? Pollution trestment typicaly revolves
around retrofit technologies. These equipment and activities are designed to change the
character or composition of pollutants prior to their release into the environment and are dso
referred to as end-of-line activities. Examples of pollution treatment include costs associated
with scrubbers, filters, baghouses, and wastewater treatment. In contrast, pollution prevention
covers modifications to equipment or production processes that are designed to lower releases
through product redesigns, reuse of materid inputs, or substitutions among types of inputs.
Examples of pallution prevention include costs associated with fuel subdtitution, lesk prevention,
and process or equipment modification. Recycling is the on-site (post-production) processing

or off-gte processing of waste for an dternative use. Disposd, in an environmentaly sound

2pollution treatment and prevention are the most significant components and therefore are discussed in more
detail in this background document relative to recycling and disposal.
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manner, isthe find placement, destruction, or disposition of waste after pollution trestment or

recydling has occurred, not including disposa of municipa solid wastes®

Pollution abatement expenditures are classified as either capitd expenditures or
operaing costs, depending on whether they were rdated to purchasing and ingtdling pollution
abatement equipment or annua cogts for operating and maintaining pollution abatement
technology. According to the latest PACE survey, for treetment and prevention combined, the
meanufacturing, mining, and eectric utility industries collectively spent $5.8 billion on capitd
expenditures and $11.9 billion on operating costs in 1999 for pollution abatement. Of the $5.8
billion in capita expenditures, the manufacturing sector spent $4.4 billion, which accounted for

amos 3 percent of al capital investments made by manufacturers (U.S. Census Bureau, 2002).

In addition, expenditures are classfied as being associated with a particular medium
(air, water, and solid wastes)* and by hazardous versus nonhazardous pollutants. This
information can be ussful in supporting efficiency or benefit-cost analys's of specific types of

regulations or programs.

3Note that some confusion has resulted from definitions of pollution abatement, treatment, and prevention used
in previous versions of the survey. For thisreport, the terms as defined here are used throughout.

“The 1999 survey also included multimedia as a medium category.
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Only expenditures and costs incurred during the past year are collected by the survey.
Focusing on asingle year of expenditures and costs can be problematic, because pollution
abatement costs reported in the year aregulation is enacted will be higher due to one-time
expenditures and ingtdlation costs. Asillustrated in Figure 1-1,° these factors tend to cause
ubgtantia variations in expenditures (current dollars) over time and across indudtries. For
example, dthough pollution expenditures are concentrated in industries such as pulp and paper,
chemicals, and petroleum refining, within these industries the cogts vary significantly across
years, reflecting the introduction or phase-in of specific environmentd regulations. This need to
compare data across years emphasi zes the importance of maintaining longitudinad integrity of the

data on pollution abatement capita and operating costs.

SData from the 1999 survey are not included in the figure, because longitudinal comparisons are not
recommended between the 1999 and earlier surveys. Significant changes occurred in the 1999 survey that
reduced longitudinal integrity. For thisreason, 1999 data are excluded from Figures 1-1, 1-2, and 1-3.

1-5
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Figure 1-1. PACE Pallution Abatement Cost and Expenditures by Manufacturing
Industries

Source:  U.S. Census Bureau. 1996. Pollution Abatement Cost and Expenditures; 1994, MA200(94)-1.
Washington, DC: U.S. Government Printing Office. Table 1.

On average, between 1990 and 1994, PACE capita expenditures and operating costs
were approximately $27 billion per year in current dollars. The 1999 survey reported that
these costs were approximately $15 hillion.® However, this differentid isin large part dueto
the sgnificant differences between the 1999 form and earlier surveys. Becker and Shadbegian

(2004) compare the 1999 and 1994 surveys after attempting to adjust for these differences

5This figure excludes electric utilities ($2.6 billion) and mining companies ($0.7 billion), which were not included
in the 1994 and previous survey versions.
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(inclusion of more indudtriesin the 1999 survey, use of NAICS dassficationsin 1999 versus
SIC codes used earlier, depreciation not included in 1999 operating cogts, etc.). They find that
adjusted expenditures in declined by 27 percent from 1994 to 1999 relative to val ue added.
Becker and Shadbegian conclude that this drop is most likely due to the survey methodology
and design of the 1999 survey (among other reasons), listing possible reasons such as the hiatus
between surveys, use of “information not available checkboxes,” “less-than-explicit”
ingructions, and changes in the overal dsructure of questions. For these reasons, longitudina

comparisons using the 1999 data are not recommended.

Measured as a percentage of the vaue of shipments by manufacturing industries, PACE
capita plus operating expenditures show asmilar pattern over time. In Figure 1-2, this metric
highlights how costs are distributed across industries, with most industries spending less than
one-hdf of 1 percent of the value of their output on pollution controls. Taking into
consderation higher spending by a few indudtries, the 1990 through 1994 PACE surveys show
that an average 0.9 percent of the tota vaue of shipments by manufacturing industries was

spent on reducing or preventing releases.
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Figure 1-2. PACE Pallution Abatement Cost and Expenditur es as Per centage of
Shipment Values

Source:  U.S. Census Bureau. 1996. Pollution Abatement Cost and Expenditures; 1994, MA200(94)-1.
Washington, DC: U.S. Government Printing Office. Table 1.

Another method used to put the PACE datain context is to compare capita
investments for pollution equipment to tota indudtrid investment. Aswith the previous two
figures, Figure 1-3 illustrates how pollution investments compare across industries and time.
Although most industries make less than 5 percent of their capital purchases for environmental

reasons, some industries, such as petroleum and cod, spend much more. On average between
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1990 and 1994, pallution-equipment expenditures represented over 7 percent of dl investments

made by manufacturing indudtries.
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Figure 1-3. PACE Capital Expenditures as Per centage of Total I nvestments

Source:  U.S. Census Bureau. 1996. Pollution Abatement Cost and Expenditures; 1994, MA200(94)-1.
Washington, DC: U.S. Government Printing Office. Table 1.

1.3  Objectivesof ThisReport

The Nationd Center for Environmental Economics (NCEE) and academic researchers
rely heavily on the PACE survey asthe primary source of fecility-level pollution abatement

expenditures and cogts. However, identifying and collecting data on pollution abatement
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expenditures are both conceptudly and operationaly complex, and previous versons of the
PACE survey had severd short comings. For this reason, the PACE survey isbeing

redesigned.

The objective of thisreport is to provide background discussion on the history of the
PACE survey. The survey has been restructured on severa occasions in the past, which has
implications for current design considerations. In addition, many concerns about the survey
instrument have been described both in the literature relying on PACE data and by participants
of the RFF workshop. Both of these sources of information are reviewed to provide ingghts
into survey design. Findly, the report combines these findings and suggests methods for
developing a new survey instrument to more accurately capture the costs associated with

pollution abatement.

The PACE survey gathers facility-level data on the expenditures and codts of activities
whose primary purposeisto protect the environment. With pollution treatment, thistask is
relaively straightforward conceptudly, because many of the technologies are sandaone,
end-of-pipe systems that are easy to identify. However, even with these processes, the
avalability of cost information is frequently limited by an individua facility’s cost accounting and

tracking systems.

The stuation becomes even more complicated when measuring pollution prevention

expenditures. Pollution prevention activities are frequently an inseparable part of alarger

1-10
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project that includes agpects not environmentally motivated (such as production process
enhancements soldly for economic benefit) and not readily tracked as a dedicated abatement
expense Smilar to pollution trestment. Partly due to this difficulty, little data have been
collected by past PACE surveys on pollution prevention. However, more detail on pollution
prevention (such as by capitd and operating cogts or types of pollution prevention) is needed,
because prevention is an important and growing category of costs. In addition, facilities may
find it eesier to estimate specific components of pollution prevention and could potentidly use a
disaggregation of cost categories to build up atota estimate of pollution prevention
expenditures. In this event, government data users and other researchers would be provided
with more information on pollution prevention and gain indghts into which types of cost

components facilities are able to estimate and which they can not.

Redesigning the survey to better address the question *How much did facilities spend
on pollution abatement, above and beyond what they would have spent in the absence of any
effortsto contral pollution?’ brings to light a number of issues. Among these issues are how
and by how much to disaggregate data collected by the survey (by media, hazardous/
nonhazardous, etc.), what are the best methods for looking at pollution prevention activities,
and what are the gppropriate baselines to use when measuring pollution abatement costs (i.e.,
what expenses would have been incurred in the absence of environmenta concerns because

they were profitable).

1-11
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A number of recommendations relating to overdl survey design and implementation are

presented in the report, which are briefly summarized as follows:

¢ Mantain longitudind integrity with surveys prior to 1999.

¢ Fadlitate linkages of PACE data with other databases.

¢ Elicit more disaggregated data.

¢ Add gquestions on prevention activities or variables that could be used to proxy for

these codts.

¢ Improve verification and data accurecy.

¢ Claify the gppropriate basdline to consder when responding to the survey.

¢ Describe what should and should not be included in each cost category in

ingtructions and examples.

¢ Consder additiona questions on other types of codts.

¢ Lower burden imposed on respondents by the PACE survey.

Section 2 outlines the history of the PACE survey and the types of detait gathers.

Section 3 discusses ways in which PACE data have been used in research and issues

1-12
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surrounding the PACE survey that have been raised in the literature and by participants a RFF
workshop. Section 4 then presents some potential methods of addressing the issuesraised in
Section 3 and examines additiona types of information that might be gathered by the PACE
survey. Findly, Appendix A reviews a sample of the literature that has used PACE data and

Appendix B suggests some additiond reading.

1-13
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SECTION 2

HISTORY OF THE PACE SURVEY

21 Overview

The PACE survey collects facility-level data on pollution trestment and prevention
codts from manufacturing facilities® The survey has been conducted annualy between 1973
and 1994, with the exception that there was no survey in 1987.2 After a5-year lapse due to
budgetary reasons, the PACE survey was reingtituted in 2000 to collect data for the year 1999,

but the survey has not been conducted in subsequent years.

Over its higtory, the PACE sample selection methodology has changed, athough it
remains skewed toward medium and large facilities and typically draws a sample of around
20,000 facilities. The 1999 survey was the first since the late 1970s to include facilities with
less than 20 employeesin the sample. Prior to 1994, the PACE survey was a subsample of the

Annua Survey of Manufactures (ASM), which isin turn asample of the economic Census of

Electric utilities and mining facilities were included in the 1999 PACE survey. Prior to 1999 the “Plant and
Equipment Supplement for Pollution Abatement” (survey form PA-2) collected firm level data on only capital
expenditures of pollution abatement for mining, petroleum, and electric utilities.

2The microdata for 1973 to 1978 and 1983 are missing. However, the aggregate data for these years are available
in PACE publications.

2-1
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Manufacturers (CM).2 The 1994 survey was drawn from the 1992 Census, rather than the
ASM. The 1999 survey, which was based on North American Industry Classification System
(NAICYS) industry classficationsinstead of the Standard Industrial Classification (SIC) system,

came from the 1997 CM, the Census of Mining, and the universe of eectric utilities.

Survey data are characterized as treatment (instdlation, retrofit, and operation of
equipment intended to remove pollutants generated during manufacturing processes),
prevention (changes in equipment or production processes that reduce formation of pollutants),
recycling, and disposal expenditures. For most years of the PACE survey, these data are
distinguished by capital expenditures for equipment and structures versus annud operating costs
for running the equipment. In many years, these costs are separated by media: air, water, or

solid wastes and by hazardous versus nonhazardous pollutants.

2.2  Design of Past Surveys

Although the basic design of the PACE survey has remained reatively unchanged over
the years, some dterations have occurred, generdly with the intention of collecting more
detalled information. In afew cases, however, redesigns of the survey have resulted in

collecting lessdata. Table 2-1 summarizes these changes over time by category: annud

3A guiding principle of the redesign of the survey will be consistency with the Annual Survey of Manufactures
(ASM). Consistency of definitions (capital, depreciation, etc.) and certain aspects of the ASM structure are
desirable to use in the PACE survey. Because respondents are familiar with the ASM, this familiarity may
lower respondent burden, lower administrative burden for Census, and to increase response rate. Using the
same sampling framework as the ASM also allows for easier matching to other Census variables (materials,
energy, transportation, etc.) and hence results in better validation.

2-2
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operating codts, capital expenditures, cost recovery/offsets, assets, emissions, and other types
of information. For some variables, questions are essentialy congtant over time, while other

categories only appear in specific years.

The first PACE survey in 1973 collected data on expenditures for three media: air,
water, and solid wastes. Air expenditures were separated into particulates, sulfur oxides,
nitrogen oxides’hydrocarbons/carbon monoxide, and heavy metal s/radioactive/toxic/other
categories. Codts recovered from abatement activities (i.e., savings from environmentaly
motivated actions) were classfied as ether value of materials or energy reclamed. Annud
costs for pallution control for the three media were distinguished as depreciation, labor,
equipment leasing, materias and supplies, or other costs. Data were collected on the
effectiveness of control equipment by specifying on the survey the amounts of air pollutants
removed by type, reductions in solid wastes by weight, and reductionsin water pollutants by

weight.
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Table 2-1. History of PACE Survey

Timdine
197 197 198 199
4to 9to 9to 2to
197 198 198 198 198 198 199 199
Category Questions 3 1 1 2 3 6 1 4 1999

By Media (air, water, solid waste) X X X *
By Type (depreciation, labor, equipment X X X
leasing, material s/'supplies/other)
By Media (air, water, solid waste) and Type X X X X X
Annual (depreciation, labor, equipment leasing,
Costs materials/Supplies/other)

Hazardous by Media (air, water, solid waste) X

Other Pollutants (noise, radiation, multimedia) X

Site Cleanup X **

Disposal and Recycling X

Air (particulates, sulfur oxides, nitrogen X X X X X X X X *
oxides/ hydrocarbon/carbon monoxide, heavy

metal s/ radioactive-toxic/other)

Air (lead, hazardous) X X X X

Water (aggregated) X X X X X X X
Capital Water (hazardous, nonhazardous) X *
Expenditures Solid Waste (aggregated) X X X X

Solid Waste (hazardous, nonhazardous) X X X X *

Other Pollutants (noise, radiation, multimedia) X X

Site Cleanup X *x
Underground Storage Tanks X *
Disposal and Recycling X

Costs Recover ed (aggregated) X X
Cost

Costs Recovered by Media (air, water, solid X X X X X X
Recovery

waste)

Total Value of Depreciable Assets for X

Abatement

Cost of Assetsfor Air Abatement by X
Purchase Year

Cost of Assetsfor Water Abatement by X
Purchase Year

Lifetime of Air Pollution Assets (electrostatic X
precipitator, baghouse, wet scrubber)

Air Pollution Abated by Weight and Type X X X X X
(particulates, sulfur oxides, nitrogen oxides/

hydrocarbon/carbon monoxide, heavy metals/

radioactive-toxic/other)

Air Pollution Abated (lead, hazardous) X

Solid Waste Abated by Weight (aggregated) X X X X

Solid Waste Abated by Weight (hazardous, X
nonhazardous)

Assets

Emissions

Water Pollutants Abated by Weight (total X X
suspended solids, biochemical oxygen demand,
chemical oxygen demand, other)

Water Pollutants Abated by Weight X
(conventional, nonconventional, toxic metals,
toxic organics)

Paymentsfor Public Sewage and Solid Waste X X X X X X X X

Government
Removal

Total Number of Operating Days X

Y es/No Responses on Types of Activities X
Other Undertaken

Voluntary Programs (yes/no) X
Tax Credits and Subsidies(yes/no) X
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Since 1973, the main dterations in design can be summarized as follows:

¢ Incdusion of water pollutants abated by weight in 1979 Reporting annua costsin a
matrix covering both medium and cost categories, starting in 1979 (except for 1982

and 1999)

¢ Didinguishing cost recovery by medium starting in 1979 (dropped in 1999)

¢ Dropping abated emissions by weight reporting in 1986

¢ Adding Ste cleanup costsin 1992

¢ Dropping depreciation from operating costsin 1999

¢ Using binary yes'no questions on activitiesin 1999 to help facilities understand the

types of expenditures and cost covered by the survey

¢ Lessdetal on costs (only totals for pollution prevention and none on cost
recovery), not including depreciation as part of operating costs, and expanding

industry coverage of the MA-200 survey form, among other changes

Expanding on the 1973 design, the 1979 PACE survey added cost recovery (such as
revenue from recycling, also referred to as cost offsets) categories distinguished by air, water,

and solid wastes entries. The 1979 survey also covered water pollutants abated by weight for
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four categories (total suspended solids, biochemica oxygen demand, chemical oxygen demand,
and other). The 1983 form then rearranged the water pollutant reporting into quantities of
conventional, nonconventiond, toxic metals, and toxic organics groups. New categories for

lead and hazardous air pollutants were aso added.

In the 1986 survey, dl questions on abatement of emissons by weight were dropped,
making it harder to link costs with benefits. This verson of the survey had questions on assets
ingtdled to abate air and water pollution through end-of-line techniques over the previous
severd decades. Thisverson dso queried the expected lifetime of some types of technologies
used to reduce air pollution (electrostatic precipitators, baghouses, and wet scrubbers). By the
1989 survey, dl questions on assets and lifetimes had been discontinued. The verson used in
1992 expanded the list of example expenditures and clarified distinctions between end-of-line
techniques and production process changes in the ingtructions. Also included were new
categories for underground storage tanks and other pollutant costs to reduce noise, radiation,
and multimediaemissons. Ingructionsin 1992 were a0 revised, based on input from the
Bureau of Economic Analysis and other data users, to clarify definitions of concepts and the

types of data collected.

In 1999, severd of the detailed cost questions were dropped. Remaining costs were

dill designated asfdling into one of severd broad categories. pollution trestment, pollution



DRAFT

prevention, and other types of expenditures and payments.* The section titled “Pollution
Abatement, Disposa and Recycling” began with a series of yes/no questions on the types of
techniques used to lower emissionsin severa media categories (air, water, solid wastes, and
multimedia). These generd inquiries focused on pollution abatement activitiesin generd with
the purpose of educating respondents about what types of activities should be reported. These
guestions were not used in dataandysis, however. This section was followed by questions on
the dollar values of capital expenditures and operating costs for the equipment used, separated
into hazardous and nonhazardous rel eases, for pollution trestment. 1n 1999, depreciation was
not considered an operating cost. Capital and operating costs for disposa and recycling were

a0 collected in this section.

Pollution prevention questions on the 1999 survey form aso began with binary
questions on the types of activities that occurred, but then only reported atotal expenditure
figure covering dl capitd and operating cogs for these activities. Dollar vaues for other
environmenta protection expenditures were separated into categories such as site cleanup,
habitat protection, monitoring/testing, and adminigtration (new to the 1999 survey). Voluntary
programs and tax credits and subsidies were reported through yes/no responses. The find cost
section examined any payments to government and added new questions on the values of any

tradable permits bought or sold.

“The costs referred to as pollution abatement costs in the 1999 survey actually collected costs on pollution
treatment as defined in this report. Discussion on the 1999 survey in this report uses the terminology as
defined here, not as defined in the 1999 survey instructions.
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SECTION 3

THE PACE SURVEY AND DATA ISSUES

Data from the PACE survey have been used to andyze awide variety of policy
questions, ranging from the overdl costs of government environmenta regulaions to how these
cods influence economic variables such as internationa competitiveness and facility location
decisons. During these investigations, a variety of issues have arisen with respect to the PACE

data and survey ingrument. These issuesinclude

¢ vaying interpretations of the terminology used to distinguish between pollution

abatement, treatment, and prevention,

¢ longitudind consstency of the data on pollution abatement capita and operating

costs with past survey forms,

¢ lack of avdidation capability or method for checking the accuracy of the reported

costs,

¢ ability to distinguish between ablank data field (missing) and zero codts, and

¢ concern over double counting some codts.
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This section highlights how PACE data have been used, summarizes concernsraised in
this literature and by the Census Bureau, and details the recommendations of the RFF

workshop participantsin 2000. (See Appendix A for further reviews of the literature.)

3.1 Methodsof Usng PACE Data

The waysin which PACE data have been used in the past can provide insghts into how
redesigning the survey can facilitate future investigations, athough it should be noted that the
types of past studies conducted are aso afunction of the data collected and published. Fir,
the specific components of the PACE information used vary depending on the nature of the
sudy. Second, the level of aggregeation across the facility-level data has implications for how
access to the PACE data affects researchers ability to conduct investigations (a concern
mentioned at the RFF workshop). Finaly, how the PACE data are linked to other data

sources and which sources are used may highlight additional needs of researchers.

Although the survey collects awide range of information, data users may concentrate
on particular components of the PACE data. This concentration underscores the level of detall
required for the survey to be of value to awide audience. Some analyses separate out costs for
particular media (e.g., Becker and Henderson, 2000, and Shadbegian and Gray, 2003, which
both look exclusively at air pollution abatement costs). Others use only some parts of the
PACE database. For example, many andyses include abatement capita costs (e.g., Jaffe and

Palmer, 1997; Barberaand McConnell, 1986), but others are based on both capital and
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operating costs or operating costs alone (e.g., Joshi, Krishnan, and Lave, 2001; Keller and
Levinson, 1999). Appendix A provides areview of studies using the PACE data providing

information and concerns regarding how the data impacts research findings.

Another important dataissueis how PACE datistics are aggregated in sudies. Some
papers (e.g., Jorgenson and Wilcoxen, 1990) usetotd nationa expenditures for pollution
controls, because their god isto estimate macroeconomic or productivity effects of these costs
ingenerd. In these cases, the aggregated statistics published by the Census Bureau are
sufficient to fulfill data requirements, and little regiond- or facility-level detall is needed.
However, other authors focus on specific industries (e.g., Berman and Bui, 2001; Boyd and
McCleland, 1999; Becker and Henderson, 2001; Gray and Shadbegian, 2002; Gray and
Shadbegian, 2003) or on location decisons across states within the United States (e.g.,
Levinson, 1996; Dean and Brown, 1995). These types of investigations require fecility-level
data, or a least data a the industry-by-dtate leve, that is not publicly available without specid

access privileges?

Many of the studies based on PACE data incorporate additional information from other
data sources. To examine how pollution-related expenditures have affected business decisions,
many other data components are needed. Among these components are industria outpuit,

employment, labor costs, production input prices (materias and energy), and tax rates. The

!Due to the confidential nature of the survey data, analysis of micro- (facility-) level data can only be conducted
at Census Bureau Research Data Centers.
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linkage to the Longitudina Research Database (LRD) and its ASM/CM data provides some of
this information, but other sources have aso been utilized. Some studies (e.g., Becker and
Henderson, 2001; Keller and Levinson, 1999) have included Bureau of Economic Analyss
data (e.g., Survey of Current Business). Additional Census Bureau sources, such asthe
Current Industria Reports, have also been used (e.g., Joshi, Krishnan, and Lave, 2001). More
detailed facility-level information, such as types of products manufactured, has been gathered

from publications such as the Lockwood Directory (e.g., Gray and Shadbegian, 1998).

3.2  Cente for Economic Studies (CES) Longitudinal Resear ch Database

The CES a the U.S. Census Bureau devel oped the Longitudinal Research Database
(LRD). TheLRD can be used to link the PACE data to facility-level information on
production, total expenditures, employment, and other economic characteristics collected in the
ASM, CM, and other Census surveys. This association facilitates research on questions
relating to how pollution abatement expenditures influence economic performance by linking

environmenta variablesto facility decisons and tota costs.

However, the LRD-PACE linkage does not cover 100 percent of respondents for a
variety of reasons (after 1989 the matching rate averaged around 95 percent). In the early
years of the PACE survey, sdlected facilities were drawn from ASM and CM surveys prior to
the actual year that the PACE survey was conducted. CES aso uses permanent plant numbers

(PPN) to identify facilities and link surveys, but some PACE surveys only identify firms by
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“Census file numbers’ that may not correspond to PPNs. Finally, the process of tracking

ownership changesin PACE is separate from methods used in other surveys.

3.3 ConcernsRaised by CES

CES at the Census Bureau has raised a number of issues, loosely related to survey
design, with the PACE data (Streitwieser, 1995). Firg, the 1973 to 1978 and 1983 micro-
(facility-) level datafiles have been lost, hampering efforts a time-series andysis? Second,
comparing responses over time can be problematic because of changesin survey design (see
Section 2.2). The micro data show conflicting state locations and industry classifications when
comparing the PACE data to the LRD on facilities characteristics developed by the Census
Bureau. Location conflicts a the state level generdly average less than 1 percent of the
database populaion. However, differencesin industria classifications tend to be higher, though

usualy less than 10 percent.

Some PACE data are dso imputed by CES, amilar to procedures used for the LRD
data, and hence are typically deeted from micro andyses. Prior to 1989, little is known about
how these imputed data points were calculated. There are dso a substantia number of blank
datafidds, for example, between 1988 and 1992 (when blank fields were no longer filled with
imputed data) the percentage of blanks was 57.2 percent of the datafields. These blank data

are treated as zeros when caculating published total expenditure figures. This handling can

2The published aggregate data are available for the years missing micro data (1973 to 1978 and 1983).
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cause subgtantia underestimates of pollution abatement costs and, as many researchers will
attest, needsto be remedied. Generd measurement errors are possible as well in cases where
responses are not accurate, although proper survey design (which is a'so consistent across
years) will help limit this effect. Indications of these errors include facilities reporting more
environmental capital expenditures than total capita expenditures (6 percent of facilities that
reported investment in capita for pollution abatement, though this could be due to problemsin
the ASM data) and facilities reporting more depreciation of environmenta capitd than total

depreciation (5 to 10 percent of facilities).

Streitwieser (1995) makes a number of recommendations regarding the PACE survey:
draw the PACE sample from the concurrent ASM, have facilities report totd employment and
shipment vaues on PACE to assst matching to other sources, maintain dl methods of
identifying facilities, and have consstency between PACE and the ASM/CM surveys.
Streitwieser also makes severd generd recommendations about flagging missng and imputed
data and reviewing the survey instrument and maintaining consstency among government

branches conducting the various data collection efforts.

34 ConcernsRaised in the Literature

Users of PACE datain the research community have raised a number of concerns
about itsinformation, in addition to those discussed by CES. A brief listing of these issues

indudes the following:
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¢ All pallution-related costs may not be captured by the PACE survey for avariety of
reasons, such as cogts hidden due to the facility’ s cost accounting structure and
unmeasured changes in productivity due to switching to aless polluting raw materia
(Joshi, Krishnan, and Lave, 2001; Jorgenson and Wilcoxen, 1990; Epstein, 1996;

Levinson, 1996; Gray and Shadbegian, 2002).

¢ Fadlitiesmay have adifficult time estimating the gppropriate basdine againg which

to compare costs (Berman and Bui, 2001; Jaffe et a., 1995; Levinson, 1996).

¢ Thereisno information on benefits of environmenta investments (Berman and Bui,

2001; Jaffe et d., 1995; Morgenstern, Pizer, and Shih, 2001).

¢ It may be hard to determine if an expenditure should be classfied as

“environmentd” (Jeffe et d., 1995).

Specific comments and concerns about the PACE survey are occasonaly included in
research literature. For example, Becker and Henderson (2001) note that the survey may not
accurately measure some pollution abatement costs, such as costs associated with pollution
prevention. They attribute thisinaccuracy in part to the lack of documentation of certain costs,
inability of facilities to estimate some codts, and the lack of an obvious basdine. Asa
methodologica issue, oversampling of larger facilities aso implies oversampling of older

fadlities. Findings of this study suggest survey data underestimate cogts, especialy the costs of
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environmental regulations for younger facilities. Studies such as Boyd and McCldland (1999),
Joshi, Krishnan, and Lave (2001), Gray and Shadbegian (2002), and Gray and Shadbegian
(2003) find that $1 dollar of pollution abatement spending leads to more than $1 of actua
environmenta cost which could be because abatement spending reduces the productivity of
non-abatement inputs (real negative productivity effect) or because plants under-report PACE
expenditures. In aproduction function framework, Shadbegian and Gray (2004) distinguish
between these two effects and find evidence in favor of under-reporting. Thisfinding is

consstent with Becker and Henderson (2001).

Berman and Bui (2001) andyze the effects of ar qudity regulaions on ail refinery
productivity in the Los Angdes Air Baan. Ther resultsindicated that the investmentsin
abatement capita were productivity enhancing. Unlike Becker and Henderson (2001), Berman
and Bui’ s results suggest that abatement cost measures may overestimate the economic cost of
environmentd regulations, because these expenditures can increase productivity. These
contradictory findings on whether the survey data under or over estimates pollution abatement
costs can be found throughout the literature. One of the main reasons for this debate liesin the
difficulty of accurately estimating pollution prevention costs. Some argue that these costs are
underestimated due to the exclusion of activities that include some aspect of pollution abatement
but are not conducted with the primary purpose of protecting the environment. Thisissueis
more prominent in pollution prevention activities than in trestment activities, because most

prevention activities are part of alarger project, but most trestment activities are only for
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pollution trestment. Others suggest that even those activities that meet the above criteriaand
areincluded il result in some increase in profitability due to more efficient process
techniques—implying that cost are over estimated. This argument underscores the need for

more detailed and accurate data on pollution prevention.

Usng facility-level datafrom 55 sted mills, Joshi, Krishnan, and Lave (2001) study the
visble and hidden cogt of environmentd regulations. PACE survey data on annud pollution
abatement operating expenditure data were used as a substitute for a measure of environmenta
regulation stringency. Joshi, Krishnan, and Lave found that every $1 increasein visible cost of
regulation represents a$9 to $10 increase in marging totd cost, suggesting that managerid
accounting systems do not account for indirect costs of environmenta regulations;
consequently, these costs are assigned to other cost pools. Through interviews, managers
reveded they were aware of the hidden costs but greetly underestimated them. The authors
suggest overhauling and restructuring accounting systems and greetly increasing the number of
cost poolsto cregte better estimates of the cost of environmental regulation. Other studies have
found smdler effects than Joshi, Krishnan, and Lave (2001) that suggest pollution abatement
costs are understated. For instance, Gray and Shadbegian (2002) found that a $1 increase in

pollution abatement cogts led to the equivaent of $3.28 in lower productivity at sted mills.

Other studies a'so mention the problems with using the PACE survey datato andyze

cogts and benefits of pollution-related expenditures. Levinson (1996) datesthat it is difficult for
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respondents to assess the true economic cost (such asinefficiencies due to input substitution or
atered production processes) of regulation, which can cause abatement operating cogtsto be
either overstated or understated. Morgenstern, Pizer, and Shih (2001) and Gray and
Shadbegian (1998) note that changes in production processes in genera, and specific costs
associated with ingaling and maintaining the equipment used in these changes, make it hard to

determine the true costs of environmenta compliance.

3.5 RFF Workshop on the PACE Survey

RFF convened aworkshop of expertsin March 2000 to discuss the PACE survey.
The workshop was convened through funding from EPA to discuss the PACE survey, issues,
and resolutions. The gap in data collection from 1994 to 1999 was seen as an opportunity for
vigting some of the issues that were raised in the literature, much of which is mentioned above.
This expert workshop (Burtraw et d., 2001) highlighted a number of issues concerning the
exising design of the PACE survey and suggested potentia changes (which could be made with
varying levels of effort and probabilities of success). The experts suggestions on survey design
can be roughly separated into two categories. diciting additiona information on expenditures
not currently covered by the survey and redesigning the survey to obtain more accurate and
more disaggregated data. Other genera recommendeations, such as creating an advisory panel

to review the survey, dong with ideas for extending survey coverage to additiona industries,

3-10



DRAFT

were dso discussed. Some of these suggestions, such asincluding utilities and mining, were

ingtituted in the 1999 survey (conducted in 2000).

A summary of the broad RFF recommendations taken from Burtraw et d. (2001)

indudes the following:

¢ Focusadditiond attention on capital expenditures and cost recovery (o referred

to as offsets). Offsets were dropped in the 1999 survey.

¢ Link the PACE cog datato U.S. Environmenta Protection Agency emissons data

and other types of information.

¢ Assessthevalidity and accuracy of the survey, and examine outlying responses.

¢ Maintain acongstent structure from year to year.

¢ Condder using both short and long forms for particular indudtries of interest, and

possibly use industry-specific questions.

M ore-specific recommendations include the following:

¢ Ask binary yes/no quegtions.

¢ Diginguish between zeros and blanks.,
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¢ Ask for more disaggregation of costs by pollutant and possibly the regulation

prompting the expenditures.

¢ Provide additiond examples of cods.

¢ Include measures of cost savings experienced by facilities.

The numerous RFF recommendations and additiona recommendations suggested by
other sources accentuate the need for the redesign of the PACE survey. In view of the fact that
the survey has not been administered since 1999 and the issues surrounding the longitudina
integrity of the 1999 data, it is evident that this is an opportune time to redesign the survey.
Section 4 discusses possible ways to address al of the concerns previoudy described while

ensuring longitudina consstency with the 1994 and prior survey data
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SECTION 4

POTENTIAL SOLUTIONSTO PACE SURVEY AND DATA ISSUES

When examining the PACE survey, it isimportant to keep in mind its main
goa—collecting facility-level data on pollution abatement capital expenditures and operating
codsin order to facilitate analyses of the impacts of environmenta programs and regulations.
Oneimplication of this orientetion is that the survey is not well designed to examine some types
of costs such as research and development (R& D), which are typicaly experienced & the
corporate level, and remediation, which is typicaly episodic and location specific (see Section
4.3). Another implication is that the survey should consider the needs of both the respondents
and data users during its redesign. Overarching recommendations based on the large body of
literature on PACE include: ensuring consistency across years, facilitating linkages with other
databases, improving verification and data accuracy, collecting more-detailed data, and
lowering the burden imposed on respondents by the PACE survey. These implications lead to

aset of recommendations and solutions, both generd and specific, discussed in this section.

4.1  Longitudinal Integrity

Time-series consstency of PACE datais crucid for avariety of reasons. Firdt,

respondents answering the same question year after year may be more likely to answer



DRAFT

accurately and maintain records in amanner conducive to producing those answers. Second,
many questions that policy makers and researchers have are likely to involve intertempora
comparisons. For example, policy makers could assess pollution abatement costs associated
with a specific regulation imposed in a particular year by comparing the increase in cogts from
previous years for facilities both affected and not affected by the regulation. Third, many of the
anayses face obstacles related to unobserved heterogeneity. Facilities that pollute more are
likely to be in nonattainment counties, face more stringent stlandards, and spend more on
pollution abatement. A cross-sectiond andysis of this stuation may well find that facilities
spending more on pollution abatement aso pollute more. However, time-series andyses can
sort out this Smultaneity by examining whether facilities whaose pollution abatement costs
increase have declinesin emissons. As aresult, the time-series aspect of the PACE survey is
arguably asimportant to data users as are detailed cross-sectiona andlyses. This judgment
favors leaving survey questions unchanged year to year. If additional questions are necessary, a
fraction of the facilities in the sample for a given year could be sent longer forms, leaving the
core survey (short form) the same. Broad questions on the long survey forms should
correspond to the more-generalized questions on the short versions aswell. Though this
concern is not currently a priority in the survey redesign, use of long forms could be considered

once the core survey has been well established.

4.2  Linkages
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Many of the analyses conducted using the PACE data rely on linkages to other
information sources. To estimate the effects of abatement cogts on facility behavior, it is
important to be able to combine cost findings in PACE with other decisions made by facilities.
A linkage between PACE and ASM, as developed by CES in the past, would alow better
investigation of the effects of environmenta regulation on business decisons by tying
environmenta expenditures to other actions of facilities. Smilarly, alink between EPA pollutant
release data (e.g., TRI, AIRS) and PACE cost data would help with examining costs by

pollutant and costs of specific regulations.

Linkages with other data sources may be especidly important for particular industries
such asdectric utilities. The Energy Information Administration (EI1A) at the Department of
Energy and the Federd Energy Regulatory Commission (FERC) collect awedth of information
on topics such as fud use and pollution trestment retrofits that may be essentid in determining
abatement costs and appropriate baselines (see Section 4.6). Identifying facilities by latitude
and longitude (as wdll as by facility identifier) would dso improve the usefulness of the survey
and alow researchersto look at relationships between costs, emissons, and ambient

environmenta qudlity.

Agency personnd and researchers charged with quality control of survey data can use

this process of linking PACE data to other sources (such as EPA, EIA, or FERC) in order to
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disaggregate and check the data without imposing burdens on survey respondents. 1t may aso

help distinguish costs by pollutant if releases by facilities are linked to abatement expenditures.

EPA’s Office of Air Qudity Planning and Standards (OAQPS) Air Pollution Control
Cost Manual (EPA, 2002) provides aligt of the mgor cost dementsfor capital and operating
codts. If respondents provide distinctions among types of pollution equipment ingtalations,
ether with or without associated costs, other researchers could use such data sources to

estimate expected costs.

These linkages could be accomplished by including standard questions, such as
requiring the respondent to list the facilities physical address or their Employer Identifying
Number (EIN), and would alow the PACE data to be linked to other sources, thusincreasing
the amount of data available without greatly increasing respondent burden. Allowing
researchers access to the PACE data will be necessary to utilize effectively the vaue embedded

inlinkages. The linkages to other data sources will dso help verify data accuracy.

4.3  Disaggregation of Data

The possibility of producing more disaggregated data raises a number of conflicting

issues;

¢ Policy makers and researchers would benefit from more detailed information on

costs.
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¢ Different types of data(e.g., by cost categories, pollutants) could be collected to

enhance the comprehensveness of the survey.

¢ Additiona data collection increases cogts (e.g., burden) associated with completing

the survey.

Old versions of the survey have provided some division of operating expenses by
category and type of pollutant reduced. Some past surveys have included information on
expenditures by type of pollutant (e.g., particulates, sulfur oxides, nitrogen oxides, and heavy
metals). Operating costs have aso been separated into components, such as the following from
the 1994 survey: depreciation, sdaries and wages, fud and electricity, contract work/services,
and materiagleasng/miscdlaneous. However, the 1999 PACE survey only distinguished
between costs associated with hazardous and nonhazardous emissions by medium (air, water,

solid wastes, and multimedia) and did not distinguish operating costs by category.

Treatment equipment cogts tend to vary sgnificantly depending on the type of existing
fecility configuration: retrofit of an exiging facility, part of anew ingalation, or an upgrade of
existing controls. Retrofits can be very expensive compared to new ingalations where thereis
the opportunity to ingtal turnkey operations that do not require additiond downtime for
ingalation. Smilarly, more detailed information on capita cost dements would be useful, as
would be information on Ste-pecific factors, such aslack of available/suitable land to Stea

pollution control system or redtrictions on water discharges.
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In generd, if separate cost components are likely to be highly correlated with more
difficult to measure cogts, these cost components can serve as proxies for total abatement costs
in empirica work. Also, providing expense information on a pollutant bad's, to the extent
feasble, would make it possible to conduct more thorough investigations into the costs of
regulations and their effectiveness, especidly if changesin pollutants were linked to these

expenditures.

The RFF workshop participants provided a wide range of suggestions, described
previoudy, for redesigning the current categoriesin the PACE survey in order to icit more
accurate and detailed information. The participants were, however, concerned about the
feasbility of asking detailed questions and about the burden that would be imposed on

respondents.

4.4  Availability of Expenditure Data

One perception is that the PACE survey questions have become increasingly more
difficult to answer over time. Even if the questions themselves remain the same, it can become
harder to estimate abatement costs for avariety of reasons. Allocating capitd and operating
cogts between environmenta and nonenvironmental motivations can be complicated if
investments in new equipment have multiple objectives. These difficulties may, in part, explain
the finding that pollution abatement capita costs per dollar of vaue added have been

decreasing over time, while regulations have generally become more stringent. 1t may be that
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investments have become more difficult to designate as pollution abatement, leading to an
underreporting of pollution abatement costs. In spite of this difficulty, the abatement cost data
yield logicdly consistent patterns across industries and states over time for the years 1994 and

before.*

Because some facilities will not be able to estimate certain codts, it isimportant to
distinguish between answers that should be interpreted as zero and those that should be
interpreted asmissng. The 1999 survey dlowed respondents to opt out of estimating costs by
checking boxes labded “information not available’ and “don’'t know.” This change may have
increased item nonresponse (Becker and Shadbegian, 2004). Instead, other methods could be
used to address difficultiesin obtaining cost information. Use of binary questions on the survey
that cover broad categories with follow-up questions on more detailed issues would alow
facilities to provide generd information on pollution abatement activities that could be used to
cdculate agenerd estimate of codts, even if the facility is unable to answer more specific
questions. By beginning topics with generd binary questions, the survey can aso encourage a
high response rate. Researchers support a survey structure that persuades facilities to answer
questions on key expenditures, such astota capital expenditures and total operating costs, even
if they are unable to provide estimates of specific cost categories. This encouragement could

be offered by placing questions on key expenditures a prominent positionsin the survey

L ongitudinal integrity was not maintained with the 1999 survey, and results from this survey are not
comparable to earlier years.
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instrument (Becker and Shadbegian, 2004). Subsequent details on costs can then be provided

by respondents who are able to access the information.

45 Paollution Prevention Costs

The need for more detailed information on pollution prevention expenditures and costs
is becoming increasingly important as abatement moves away from prescriptive (command and
control) activities and toward more flexible process modifications. 1ssues reated to pollution

prevention costs include the following:

¢ Measuring pollution prevention costs (such as those from process changes) is much

more difficult than measuring costs for pollution trestmen.

¢ Pollution prevention techniques can have avariety of implications for businesses
other than direct expenditures for treatment and prevention (e.g., process and

design changes, changes in materid codts, or permitting requirements).

In spite of concerns about measuring the costs associated with pollution trestment, it is
much easier to determine spending on equipment than it is to estimate codts of pollution
abatement through process enhancement. A host of effects fall into this category, most within
the following components: input substitution, leak and spill prevention, and process or
equipment modification or redesign. The 1999 PACE survey coversthese costsin the pollution

prevention category through a group of binary choice questions and an estimated total cost for
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al prevention activities (not distinguishing between capita and operating costs). Prior years had
attempted to digtinguish any benefits received from abatement activities with explicit questions

about costs recovered (often referred to as offsets).

Potentia solutions for obtaining more information on pollution prevention costs include

the fallowing:

¢ Additiond categories of questions on surveys

¢ Generd questions about pollution prevention costs and activities

¢ More detailed examples and ingtructions on what should and should not be included

as pollution prevention costs

The format of the 1999 survey with binary responses about pollution prevention could
be extended to include a breakdown of costs in each category only mentioned in the yes/no
responses of the 1999 survey. Other types of questions might help determine prevention costs
aswel. For example, survey respondents may be able to provide information on the number of
pollution contral techniques ingdled during the year, even if they are unable to estimate the
costs associated with these devices. EPA and researchers could then use estimated capita
costs of the controls and standard cost projections for operating the controls to compute an

gpproximation of pollution prevention cogts a the facility. This gpproximation could then be
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used either to validate cogts that are reported or to impute costs for facilities that do not report

an estimate. Questions on offsets could aso be reindtituted in the future.

46  Appropriate Basdlines

Issues of accurately measuring trestment and prevention costs aso include the

following:

¢ Edgablishing the appropriate basdine againgt which to compare expendituresis

difficult.

¢ Smilar nonexpenditure-related concerns to those surrounding pollution prevention

cogts arise when congdering basdine issues.

¢ Badineisuesarefarly industry-specific.

Although survey indructions in some years attempted to distinguish between
profit-motivated expenditures and costs specifically associated with environmental concerns,
the expenditures may be difficult to separate out in practice. For example, accurately estimating
pollution prevention codts requires extensive knowledge of the affected manufacturing
processes on the part of the respondent (if it is possible to distinguish a dl). To determine
these codts, it is necessary to understand what would have occurred in the absence of the

environmental concern. In addition, deviations from the basdline should aso capture the impact
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that ingtallation, maintenance, and operation of abatement equipment has on the efficiency of
other equipment used by abusiness. Theingallation of a scrubber to reduce SO, emissons
from dectricity generation, for instance, lowers the maximum capacity of a boiler and increases
the amount of fuel necessary to produce dectricity. Therefore, respondents face the task of

whether and how to estimate these cost increases induced by abatement activities.

Companies may dso choose adifferent mix of inputs when faced with environmenta
regulations and experience higher manufacturing costs asaresult. An example of this scenario
is utilities switching to low-sulfur cod, rather than ingdling a scrubber, which hasimplications
for cod costs and affects generating efficiency. Between 1990 and 2000, there was a dramatic
shift to low-sulfur cod use by dectric utilitiesin response to SO, redtrictions in the CAA.
Shipments of subbituminous cod, the main type of low-sulfur cod, rose 67 percent (U.S. EIA,
2002). However, thisdigtinction by itsalf does not necessarily imply coa expenditures have
risen since subbituminous cod has alow price relative to the previoudy used cod. Estimating
the effects of this shift in cod consumption may require combining survey responses with other
data sources, like the coa-shipment data collected on the FERC Form 423, which reports

cogts and quantities of utility fuels.

Another example of an important pollution-reduction technique of utilities has been a
shift to gas-fired dectricity generation. Natura gas produces far fewer emissons of SO, and

NO, per unit of output than coa generation, but natura gas is more expengve and requires
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condructing new gas units or modifying exiding units. This switch in generating techniquesin
reponse to environmenta policies can be seen in the results of utility-sector modelslike EPA’s

Integrated Planning Model and DOE/EIA’s NEMS moddl.

Potentid solutions to basdline determination include the following:

¢ Useof industry-specific survey forms or industry-specific examples on how to

respond to questions

¢ Additiond clarification on forms about gppropriate basdlines

¢ Generd questions about technologies

¢ Linkagesto other data sources

Issues surrounding basdline expenditures, such as those discussed above for dectric
utilities, arefairly indudtry specific. Because of this specificity, it may be difficult to desgn a
survey capable of distinguishing basdine costs from additiona abatement expenditures.
Tailoring survey indructions and providing examples describing gppropriate basdines that are

specific to the broad industry of interest may help respondents complete the survey accurately.

Asking generd questions about the types of pollution trestment/prevention technologies
used (eg., ingaling a scrubber on aboiler) will dlow data users to combine facility responses

with other information on the costs and effects of the technologies.
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Other issues, such as how facility congtruction has been influenced by environmenta
regulations, would be very hard to incorporate in the PACE survey. However, linkages to the
appropriate data sources would facilitate researchers  efforts to estimate them or develop

appropriate proxies.

4.7  Recycling and Voluntary Programs

EPA and other agencies have encouraged participation in recycling and voluntary
activities over the last severa decades. Collecting data on these efforts and any associated
costs or offsets raises severa issues related to survey design. For example, in some versions of
the survey instrument, costs and benefits of recycling and voluntary programs were covered in
the 1999 survey by asingle yes'no question on participation. Similarly, tax credits and
subgsdies are covered by ayes/no response. At issue is whether thisinformation is sufficient to

make inferences about costs

The timing of abatement expendituresis an important factor for accurately assessng
costs. Voluntary measures may smply reflect early ingtdlation, because the facility knows that
an EPA ruleis under development that will require them to undertake pollution control
measures in the near future. Timing aso leads to issues of depreciation and capitd recovery,
aong with early retirement of equipment or processes. Unlike other aress, recycling may
represent an areain which abusiness has a good idea of the costs and/or benefits (e.g., offsets),

especidly if ther recycling efforts are contracted to outsde firms. In generd, it may be

4-13



DRAFT

desirable to expand the survey participation questions on voluntary programs and recycling to

include cogtsin order to reflect the effects of these activities.

4.8 Paymentsto Gover nment (Permits, Fees, and Fines)

One mgor environment-related cost that facilities incur is payments to governments.
These payments can be in the form of permits or licenses, finesfor violating those permits, or
more recently the payment of pollution taxes or the purchase of tradable permits. Because
payments to governments are an important part of polluters costs and will vary across
industries and states, it is critica that these payments be part of the PACE survey. Paymentsto
governments differ, however, from the rest of the PACE costs in that they represent the cost of
polluting rather than the cost of abating. As such, they must be kept separate from the other

operating and capita costs collected by the PACE.

In the case of tradable permits (such as the SO, permits that utilities can trade under the
1990 CAA), the permit purchase is not the relevant expenditure, becauise purchased permits
can beresold later, like any other liquid asset. Rather, the cost isincurred at the time the permit
isexercised, and its cost is the current market price, regardless of whether the permit was
awarded to the facility at zero cogt, whether the facility had banked the permit from a previous
year, or whether the facility had only recently purchased the permit. This topic has not been
well-defined in past surveys. The ingructions for the redesigned survey will need to make clear

what costs should be reported for tradable permits.
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4.9  Collection of Other Typesof Information

The focus of the current survey is on facility-level costs of purchasing and operating
pollution control equipment. As aresult, the PACE survey does not collect information on a
variety of expenses associated with environmenta protection, such as R& D expenditures and
remediation incurred or accounted for at the corporate level that are not alocated to the facility

leve.

Survey ingructions specificaly state that reported expenditures should not include
R&D. However, indudtries expend a significant amount of effort investigating the effects of
equipment before any physcd indalation occurs. For example, the dectric utility indudtry is
currently engaged in determining the implications that scrubbers (designed to lower SO,
emissions) and combustion controls (designed to lower NO, emissions) have for mercury
emissons. Although such efforts are not currently covered by the PACE survey, any R&D
costs borne by the pollution equipment and service industry will be captured to the extent that

they are reflected in the prices paid for pollution control equipment.

Another area of interest to the RFF workshop participants is any benefits experienced
by facilities as the result of pollution reduction efforts. There may be direct savings from
improvements in productivity, the ingtdlation of new equipment, or recycling programs.
Nonmarket benefits may aso accrue to afacility from reducing emissons or participating in

voluntary programs. There will dso be spillover benefits to other areas of the economy as
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efforts by businesses improve the knowledge base of other facilities and the economy asa
whole. It should be noted that, although the RFF Advisory Pandl considered these to be
potentialy important effects, the participants aso believed that measuring savings would be

relatively difficult in practice.

Transaction costs and expenses associated with capita purchases are d'so not in the
survey. Transaction cogts can include various types of expenses, like the costs of administering
permit trading programs or the opportunity costs associated with production delays arisng from
environmental compliance. Appropriate measurement of costs incurred by businessesto
purchase capital equipment requires information on financing costs and depreciation rates, for
example. Capita depreciation costs used to be collected by the PACE survey but were not
included in the 1999 survey. It should be noted that, for yearsin which tota depreciation
expenses were avalablein CES s LRD, reported environmenta capital depreciation exceeded

100 percent of total capital depreciation for 5 to 10 percent of facilities?

4.10 Summary/Next Steps

The discussion in this background report will be used as a gtarting point for the current
redesign of the PACE survey. Along with the information provided by the sources mentioned

in this report, an expert pand has been convened to guide and provide feedback on each stage

2EPA’s OAQPS Control Cost Manual provides guidance to industries on developing cost data for reporting
purposes (capital, operating, and maintenance). This or similar detailed information could be combined with
PACE survey instructions to educate respondents on cal culating capital costs.
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of the process. Further suggestions and solutions will be investigated during on-gte viststo
facilitiesin four key indudtries. pulp and paper, dectric utility, primary metas, and petroleum.
Facilitieswill be asked to provide additiond input, such as how to improve data quality while
reducing respondent burden. Based on dl of these resources, a draft survey instrument and
guidance document will be prepared. The expert pand and anew set of (pre-tet) facilities will
review the draft instrument and guidance document and provide comments. After these
comments have been incorporated, and OMB gpprova obtained, the revised PACE survey will
be fielded as a pilot survey to gpproximately 1,000 facilities. The results from this pilot will be

used to prepare the find versons of the annua PACE survey.
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APPENDIX A

REVIEW OF STUDIESUSING PACE DATA

Data from the PACE survey have been used to andyze awide variety of economic
questions, ranging from the overall costs of government regulations to how these cogsinfluence
economic variables such asinternationa competitiveness and facility locations. This gppendix
provides an overview of thisliterature. Across much of the research, studies that use PACE
time-series data and account for unobserved heterogeneity using geographic or
industry-specific fixed effects often find statisticaly significant effects of abatement expenditures
on facility decisons. However, cross-sectiona andyses of the data are generaly lesslikely to

measure Smilar impacts.

A.1l  Cost Analysesof Specific Environmental Regulations

PACE data have been used to examine cogts of environmenta regulaions. Becker
(2001) investigates costs to manufacturing firms associated with the Clean Air Act. The results
indicate that companies subject to more regulation did have higher codts. It appears that
federa and state regulations played a much larger role in expenditures than locd rules, even
though criteriaair pollutant nonattainment areas are designated at the county level. The

availability of facility-level datadso permitted examination of avariety of other issues, including
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how facility age affected codts, relationships between county income and abatement

expenditures, and “environmentd justice’ concerns relating to facility location decisons.

Berman and Bui (2001) andyze the effects of ar qudity regulaions on ail refinery
productivity in the Los Angdles Air Basin to determine whether pollution abatement
expenditures are a reiable measure of the cost of environmenta regulations. Initid compliance
with the regulation is found to cost about $3 million per facility while increased stringency adds
$5 million. Abatement cost measures may overestimate the economic cost of environmenta
regulations, because increased productivity may aso result. Results for the South Coast Air
Qudity Management Didtrict suggest that the investments in abatement capita were productivity
enhancing. The implication is that abatement costs do not adequately reflect net costs of

regulations.

Using facility-level datafrom 55 sted mills, Joshi, Krishnan, and Lave (2001) study the
visble and hidden cost of environmenta regulations. PACE survey data on annua pollution
abatement operating expenditure data were used as a subgtitute for a measure of environmenta
regulation stringency. Joshi, Krishnan, and Lave found that every $1 increasein visible cost of
regulation represents a $9 to $10 increase in margind tota cost. This relationship suggests that
manageria accounting systems do not account for indirect costs of environmenta regulations,
S0 these costs are assigned to other cost pools. Through interviews, managers reveded that

they were aware of the hidden costs but greatly underestimated the value associated with them.
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The authors suggest overhauling and restructuring accounting systems and greetly increasing the

number of cost poolsto creete better estimates of the cost of environmenta regulation.

Unlike much of the previous literature, including Gray and Shadbegian (2002),
Morgensgtern, Pizer, and Shih (2001) find that the reported expenditures data may actudly
overdate the true costs of environmenta regulations. For an additiona $1 of reported

environmenta expenditures, $0.82 in totd production cogtsis actualy incurred.

A.2  Facility-Level Decisions (L ocation and Size)

Dean and Brown (1995) andyze the potentid for positive and negative impacts of
environmentd regulations on new firm entry. The anadys's suggests that the relationship
between pollution abatement intensity and gross entry of new firms, using a broad sample of
306 industries with data from the late 1970s, was negative, implying environmentd costsarea
barrier to entry. The authors suggest further study on which and to what degree different

mechanisms could limit new entry, aswell as how this trend has held up since the 1970s.

Work by Levinson (1996) studies how manufacturers' location choices were influenced
by environmentd regulations. Unlike previous articles on the topic, Levinson looked a most
manufacturing industries and many measures of environmentd gringency. PACE datawere
used to generate aggregate abatement costs (gross aggregated abatement cost divided by the

number of production workersin the state) and for raw facility-level data. Although little
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evidence was found to support the hypothesis that stringent environmenta regulations deterred
new facilities from locating in a gate, the andyss did show that branch facilities of large firms
are more sengtive to environmenta regulations. The results dso demonstrated the importance

of including multiple industries and measures of stringency.

On the other hand, Gray (1997) finds a Sgnificant negative relationship between state
regulations and new fecility openings. However, alack of evidence of stronger impacts on
high-pollution industries may indicate that other state characteristics besdes the stringency of

environmenta regulations might be influencing facility openings

Becker and Henderson (2000) study differences in facility locations, births, sizes, and
investment patterns as aresult of nonuniform environmenta regulations, particularly
ground-level ozone regulations. County-level attainment/nonattainment information and 1991
PACE data are used to study four industries (industrid organic chemicas, metd containers,
plagtics, and wood furniture). Findings show that fewer facilities enter nonattainment aress,
and, in genera, business structures shift towards nonaffiliates from a corporate setup.
Grandfathering in, or the exempting of older facilities from regulatory requirements, raises

aurvivd rates, prolonging lives of older, presumably dirtier, facilities.

A.3  Employment
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Duffy-Deno (1992) finds weak support that environmental regulations negatively affect
economic activity by analyzing the relationship between pollution compliance costs and
employment/earnings levels of regional manufacturing sectors. The andyss used PACE data
from 1974, 1978, and 1982, picking those years because of data availability for per-unit
compliance costs a the Standard Metropolitan Statistical Area (SMSA) level. Some weak
results, which are not highly sgnificant and are smdl in magnitude, suggest a negative effect of
abatement cogts on manufacturing employment and earnings levelsin the Sun Bt SMSAS, with

dightly stronger results for Frost Bt SMSAs.

A4 Internationa Trade

Abatement costs may aso have sgnificant implications for the competitive posgtion of
the United States in international markets. The effect of industria pollution-abatement costs on
the U.S. baance of tradeis andlyzed in Robison (1988). Using PACE data, the study found an
increase in imports of high abatement-cost goods and an increase in exports of low
abatement-cost goods, suggesting a shift in comparative advantage between the United States
and therest of theworld. However, there was no shift in the balance of trade with Canada,
which might be explained by Canada s adoption of smilar environmenta regulations.
Consequently, as more countries adopt environmenta regulations, shiftsin trade may decrease

in magnitude or disappear. The authors attributed some of the reduction in the balance of trade
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to an inefficient regulatory system, claiming that negative effects of environmenta regulations

could be much less severe if regulatory systems were improved.

Ederington, Levinson, and Minier (2003) recently used PACE results to explore the
contention that environmenta regulations have made U.S. firms less competitive than foreign
firms. They measure asgnificant effect of pollution abatement costs on imports from
developing countries and in pollution-intengve, foot-loose industries. Thisconclusonissmilar
to arguments put forth in other works, most notably Copeland and Taylor (1994) and Robison

(1988).

A.5  Productivity

Barbera and McConnell (1986) analyze the paper, chemicd, primary metd, and
stone/clay/glass indudtries, because environmentd regulations are thought to have sgnificant
effects on these indudtries. The findings show that, in three out of these four indugtries,
abatement requirements dow average capita productivity and average labor productivity. In
addition, the authors determine thet, for overal economic productivity to fal afraction of a
percent because of abatement expenditures, the most heavily regulated industries such asthese

four must experience rdatively large changesin productivity.

Barbera and McConndl (1990) study the indirect effects of environmenta regulations

on productivity. Ther findings suggest that the effects can be ether positive or negative and can
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vary subgtantially by industry. During the 1970s, between 10 percent and 30 percent of the
productivity declinesin the five polluting manufacturing industries most affected by
environmental regulations could be attributed to those regulations. Because these industries
made up only asmall part of totd manufacturing, there was only asmdl net impact on tota

factor productivity growth.

Boyd and McClédland (1999) investigate the connection between productivity and
pollution abatement costs, focusing on opportunities to reduce input use and pollution output
without decreasing productivity. Boyd and McCldland adso examined the Size of production
losses from environmenta condraints. For integrated paper mills (the industry andyzed), the
findings show a 9.4-percent lossin efficiency due to pollution controls, of which 2.7 percent
was attributed to abatement congtraints and 6.7 percent to indirect effects of environmenta
congraints. The evidence showed that there were opportunities to reduce production inputs
and pollution smultaneoudy, ranging from a 2-percent to 8-percent reduction according to

modeling, without reducing productivity.

Gray and Shadbegian (2003) find smilar results for a broader sample of pulp and
paper mills. Using Census Bureau data on over a hundred pulp and paper mills, the authors
find aggnificant negative reationship between pollution abatement costs and productivity levels
duein mogt part to integrated mills. The study found 5.4 percent decrease in productivity at

integrated mills for one standard deviation increase in pollution abatement cogts. This study
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furthers the andysis of Gray and Shadbegian (2002) which concluded that $1 of pollution
abatement cogts resulted in the equivalent of a$1.74 in lower productivity at paper mills, $1.35
in lower productivity a oil refineries, and $3.28 in lower productivity at stedl mills, suggesting

that the estimates of pollution abatement cogts in these industries may be understated.

A.6 | nvestment

Focusing on paper mills, Gray and Shadbegian (1998) test the effects of environmenta
regulations on investment. Their sudy andyzes regulatory sringency’ s connection with levels of
investment in various technologies. A facility was required to have completed PACE dataon
productive invesment and its timing to be included in their sample, limiting it to 68 facilities.
Facilities located in states with Stricter environmenta regulations were found to be less likely to
have “dirtier” technology. After adjusting for intra-firm redlocation of invesment, the authors
found approximately a dollar-for-dollar crowding out of productive investment by pollution

abatement capita investment.

Becker and Henderson (2001) andyze how investments and operating cogts of facilities
in the chemicas and plastics industries are related to ground-level ozone regulation. Production
costs for newer facilities are shown to increase more than indicated by the PACE data. The
resultsindicate that facilities in nonattainment counties have higher cogts than those in attainment
aess. Facilitiesin attainment areas are found to stay smdl, possibly to avoid threats of

regulation. The paper criticizes the PACE survey for not accurately measuring pollution
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abatement cogts associated with equipment that enhances the production process while
reducing pollution. The authors aso question whether the survey captures al operating
expenses and imply that some potential costs are not included in PACE &t dl, such asthe
negative impacts of environmenta regulations on facility output. The oversampling by the
PACE survey of larger facilities so causes an oversampling of older facilities. Findings of this
study suggest survey data underestimate costs, especidly the costs of environmenta regulations

for younger facilities.

On amore generd topic, Jaffe and Pamer (1997) used PACE datato andyze the
Porter hypothess that environmenta regulations can have a positive effect through increased
innovation. Two measures of innovation, research and development (R& D) investment and
successful patent applications, were used as a proxy of innovation. A postive effect was found
for R&D investment, though its Sze was smdl and varied by industry. No connection was

found between environmenta expenditures and successful patent gpplications.

Keler and Levinson (1999) examine how dtate pollution regulations affect investment
flows from foreign countries into the United States. PACE survey datafrom 1977 to 1994
were used to determine the stringency of states controls. The authors do not find strong
evidence to support that environmental regulations are decreasing foreign direct investment
(FDI) overdl. Thereissome support that the industries most affected by pollution abatement

controls do experience effects. A more recent analysis, Keller and Levinson (2002), dso found
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that high environmenta costs in a state can have moderate deterrent effects on foreign

investment.

A.7  Economic Growth

Capita expenditures for pollution abatement are theorized to be one of the many causes
for the dowdown of labor productivity in the article by Norsworthy, Harper, and Kunze
(1979). The study found no mgor impact of investment in pollution abatement capital on labor
productivity growth; however, the minima impacts estimated were negative. Inthe 1973 to
1978 study segment, labor productivity growth was found to be more affected by investment in
pollution abatement capitd, but, counter intuitively, the effects were smadler in manufacturing
industries. Denison (1979) dso includes the effect of pollution abatement as a smdl part of a

growth accounting anayss.

Crandall (1980) looks into whether environmentd policy, ether intentionaly or asan
unforeseen consequence of the design, is harmful to economic growth. PACE data were used
in the preiminary state comparison and in the more detailed analys's. Because of the poor
initid data, 1976 datawere used. The study found that industries highly affected by pollution
control have dowed productivity growth rdative to the average industry. The author claimed it
was difficult to determine the size of the dowdown without totd factor productivity dataand

additiona years of high pollution abatement cost data. The cause of the productivity dowdown
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was dso unclear. Infact, it was unclear if the dowdown was attributable to environmental

regulaions at al, based on the results of the andysis.

Along with implications for business investment decisons, environmental regulations
have the potentiad to affect the aggregate productivity of the U.S. economy. Jorgenson and
Wilcoxen (1990) smulate economic growth in the United States with and without
environmenta regulations using the PACE data. The authors include al sectors of the economy
in a computable genera equilibrium modd, subdividing the business sector into 35 industries.
The primary metdss, paper, and chemica industries were found to have the largest gainsin
output when hypotheticaly removing operating costs for pollution abatement. The paper,
petroleum refining, and primary metas industries were found to have spent over 20 percent of
thelr investmentsin 1975 on pollution control devices. Combining operating and capitd facility
expenditures with the cost of motor vehicle emissonsto vaue al pollution control regulations,
the article finds that the motor vehicle and cod mining industries are hit hardest, followed by the
primary metals and petroleum refining indudtries. Approximately hdf of the other industriesin
the modd had output increasesin the 1-percent to 5-percent range, assuming pollution controls
were removed. Remaining indudtries were mainly unaffected by environmenta regulations.
Overdl, they found that, between 1973 and 1985, abatement expenditures reduced the U.S.

gross national product by 2.59 percent and lowered annua economic growth by 0.191 percent.
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In contrast, an earlier study on the relationship between abatement expenditures and
economic growth by Denison (1985) estimated a reduction in growth of only 0.07 percent
between 1973 and 1982. Gray (1987) aso used PACE data to examine productivity changes
in the 1970s from environmenta protection and Occupationa Safety and Hedlth Adminigtration
(OSHA) regulation. Gray found that these regulations collectively lowered productivity growth
in manufacturing by 0.44 percent per year, dthough most of the effects came from OSHA rules,

not environmenta compliance.
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