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Abst ract

The Pol | ution Abatenment Costs and Expenditures Survey (PACE)
is an annual survey of manufacturing establishment’s operating
costs and capital investnment expenditures for pollution abatement
purposes. This paper provides a description and eval uati on of
the PACE mcro data available at the Center for Econom c Studies
(CES). The paper provides an overvi ew of the survey, how the
sanpl e is drawn, how the survey questionnaire has changed over
time, an assessnment of the data quality, and suggestions for the
use of the data, as well as its limtations. A so included are
suggestions for nodi fying the survey design and data processing
pr ocedur es.

The PACE data series, linked to the economc data in CES
Longi tudi nal Research Database (LRD), covers the years 1979-1993,
excl udi ng 1983 and 1987.
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| NTRODUCTI ON

The Pol | ution Abatenent Costs and Expenditures Survey (PACE)
conducted by the U S. Bureau of the Census (Bureau) is the
princi pal source of data on pollution abatenent expenditures by
the manufacturing sector. Capital investnent expenditures for
pol | uti on abat enent purposes in the nmanufacturing sector reached
8.4 billion dollars in 1992. This anount represents 7.5 percent
of the total manufacturing capital investnent for that year, and
0. 3 percent of manufacturing values of shipnents. In addition to
capital investnent, pollution abatenent operating costs for the
manuf acturi ng sector reached 19.2 billion dollars, or 0.7 percent
of the value of shipnents. Wile pollution abatenent costs and
expenditures are a relatively small portion of total
manuf acturing costs and expenditures at the aggregate level, this
is not necessarily true at the mcro, or plant level. In
addition, the inpact of pollution abatenent expenditures on the
behavi or and performance of nmanufacturing plants is nontrivial.

This report on the use and eval uati on of the PACE survey
data is notivated by the Center for Economc Studies’ (CES)
twof ol d mandate. First, CES is responsible for enhancing the
accuracy and useful ness of the Bureau’ s data neasuring econom c

activity inthe US Second, CESis to nmake the mcro data



available to internal and external researchers. 1 The demand for
mcro | evel pollution abatenent data at CES has i ncreased
substantially in the last few years. Recent users include

gover nnent agenci es (EPA, DCE, and the Congressional Cfice of
Technol ogy Assessnent), universities (dark Uiversity, Colunbia
Uni versity, and Carnegi e-Mellon University), and other facilities
(Argonne Laboratory and the Wrld Bank).

CES has conpiled a | ongi tudi nal database suitable for mcro
anal yses by linking the annual PACE with the CES Longitudi nal
Research Database (LRD). The LRD is a concatenation of the
econom ¢ Census of Manufactures (CQV) and the Annual Survey of
Manuf actures (ASM). Recent studies include the relationship
bet ween pol | uti on abatenent costs and productivity (Gay and
Shadbegi an, 1994 and 1993), the cost of air pollution abatenent
(Hartman, Weel er, and Singh, 1994) environnental regulation and
| ocati on choice (Levinson, 1992), the role of state and pl ant
characteristics (Post, 1994), the role of community
characteristics and toxic pollution (S ngh, 1994), the dispersion
and heterogeneity of toxic intensity (Streitw eser, 1994), and
the cost of air pollution abatenent (Hartnan, Weel er, and Singh,
1994). These studi es have focused attention on the quality of

the data and the structure of the survey itself.

! Due to the confidential nature of the survey data,
research based on Bureau plant |evel data can be conducted only
at CES, or at the Boston Research Data Center, located in the
Census Bureau’ s Boston Region Ofice.
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The purpose of this paper is twofold. The first is to
evaluate the PACE data quality and conparability over tine, as
wel | as, to suggest changes in the survey design and data
processi ng procedures. This aspect of the paper will be of nost
interest to the survey analysts at the Census Bureau. The second
pur pose of the paper is to inform PACE data users of the data
avai |l able at CES, and to provide an overvi ew of the survey,

i ncl uding how the sanple is drawn, how the survey questionnaire
has changed over tinme, an assessnent of the data quality, and
suggestions for the use and limtations of the data. The

audi ence for these topics is the outside researchers working wth
the data at CES.

The paper is organized as follows. Section Il discusses the
survey design and the changes over tinme. The |ongitudi na
dat abase created by linking the PACE survey to the LRD and the
subsequent data file structure are presented in Sections IIl and
IV, respectively. Data quality is addressed in Section V
Finally, recomrendations for future survey design and data
processi ng procedures are given in Section VI. Survey

questionnaire fornms are included in the Appendi x.

1. PACE SURVEY DESI GN
The PACE survey has been conducted annual |y since 1973 by

t he Environnent, Technol ogy and | nnovati on Branch of the Bureau' s



Manuf acturi ng and Construction Dvision. Plant |evel data for
1979-93 currently reside at CES in SAS® data sets, with two
exceptions. The 1983 data has not been recovered and no survey
was conducted in 1987. Hstorical data files for surveys
conducted prior to 1979 cannot be retrieved. Aggregate
tabul ati ons are published annually by the Bureau in Pol | uti on

Abat ement Costs, and Expenditures, 19XX . Details of the scope,

met hodol ogy, and data limtations are contained in each year’s
report.

The PACE survey covers nmanufacturing establishnents with 20
or nore enployees. 2 FEarly surveys indicated establishnments with
fewer than 20 enpl oyees accounted for only about 2 percent of
pol | uti on abatenent costs. Establishnents in Apparel and Q her
Textile Products (SIC 23) are al so excluded fromthe PACE survey
as these establishnents operate prinarily in rented quarters
where abatenent efforts generally default to the |andl ord. 3 In
addi tion, establishnents selected for the survey, but spending

| ess than $500 on pol | ution abatenment annually, are not required

2 Establishments with fewer than 20 enpl oyees are exenpt
fromthe PACE survey in order to reduce the reporting burden for
smal | establishnents. These snall establishnents conprise about
10 percent of the manufacturing establishments.

3 Each year’s PACE data includes a nunber of establishnents
w th nonmanufacturing or textile industry codes. However, the
nunber is quite small, constituting less than 0.1 percent of any
gi ven year’ s observati ons.



to conplete the detailed portion of the questionnaire. 4

Figures 1 and 2 show the distribution of establishnments by
size and 2-digit industry for 1992, respectively. (The patterns
is simlar for all years.) Wile the distribution of
manuf acturing establishnents is domnated by small (fewer than 50
enpl oyees) and nedi um si zed establ i shnments (50 to 500 enpl oyees),
the reverse is true of the PACE sanple. The PACE sanple is
predom natel y nmedi umand | arge sized establishnments. Thus, while
the sanple may be small in terns of nunber of establishnents,
enpl oynent and val ue of shipnments in manufacturing are well
cover ed.

The PACE sanpl e sel ection net hodol ogy has evol ved over ti mne.
Prior to 1994, the PACE survey was a probability proportionate to
size (PPS) subsanple of the ASM % The ASMis itself a
probability sanple of approximately 55,000 establishnents drawn
fromthe M The CMis a conpl ete enuneration of al
manuf acturi ng establishnents, conducted every five years, in
years ending in '2" and '7'. There are nore than 375, 000

establ i shments currently classified as nmanufacturing

4 Such establishnents nust indicate they spend | ess than
$500 annual |y for pollution abatenent and return the
questionnaire. Thus, this data itemcan serve as a screening
devi ce for analysis.

® The nmeasure of size used to determ ne sanpling
probabilities is weighted ASMtotal value of shipnents. As value
of shi pments increases, the correspondi ng probability of
sel ection increases. Thus, the PACE sanple is biased towards
| arger establishnents.



establ i shments. The ASMsanple is drawn a few years after each
census; the same panel of establishnents, adjusted annually for
births, deaths, and changes in status of establishnents, is
surveyed for five years. The PACE sanple was then drawn fromthe
ASM  The PACE sanple weight for a given establishnment is the
inverse of its probability of selection. Sanple selection was
controlled at the 4-digit industry |evel, based on the designated
| evel of expected error.

Prior to 1984, a new sanple was selected fromthe ASMonly
as tinme and resources permtted. No attenpt was nmade to
incorporate births (new establishnments) between sanpl e
selections. In addition, there was no repl acenent for
establ i shments which exited fromthe sanple due to closing or
status changes. As a results, the sanple size declined between
1979 and 1982.

Starting with the 1984 survey, the PACE sanpl e was drawn
concurrently with the new ASM sanpl e (fromthe previ ous Census)
and naintained for five years. Sanple maintenance for
establ i shnment births was also instituted in the early 1980s. A
sanpl e of establishnents fromthe ASMbirth sanpl e was added to
the PACE sanple to retain the sanple at about 20,000. The
variation fromyear to year was a function of the rate of
establ i shnents | eaving the ASM panel conpared to the rate of
establ i shnents entering. However, for several years, the ASM
birth file passed to the PACE survey staff was inconplete. The
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result was an apparent birth rate much slower than the exit rate.
At the tine this was discovered there was a backl og of thousands
of births and insufficient resources to suppl enent the sanple.
This is why the survey sanple declined in the years between new
sanpl e sel ection.

Beginning with the 1989 survey, the sanple size was reduced
to approximately 17,000 in order to reduce processing costs and
reduce respondent reporting burden. At the same tinme, the sanple
was real |l ocated by industry. Pollution intensive industries were
identified an over sanpled in order to generate highly reliable
estimates. Next, 3-digit industries, or balance of 3-digit
industries that were of secondary concern were identified, where
pol lution was still an inportant concern. Finally, all other
industries were pool ed for representati on as a group.

A caveat about the 1989-91 sanple is necessary. The 1989
ASMfile used as a frame for the 1989-91 PACE sanpl es cont ai ned
incorrect industry SIC codes for several thousand establishnents.
(The industry data in the 1989 ASMare correct; it was the
transferred file which was affected). Thus, the industry
representation in the 1989-91 PACE is not as accurate as
designed. A new sanple was drawn in 1992 to correctly stratify
the industry representation.

Begi nning with 1994, the PACE sanple is no | onger an ASM
subsanpl e. Rather, the 1994 sanple was drawn fromthe 1992
Census, with the intent of keeping that sanple for five years.

7



Because of respondent burden, snaller plants in the ASM nay or
may not be sanpled. For exanple, if a plant is selected for
anot her survey, it is excluded fromsanpling on the PACE survey.
It is not known at this tinme howthis will inpact our ability to
link PACE data with concurrent economc data fromthe ASM (or
).

Ceogr aphi ¢ | ocation has never been a consideration in the
sanpl ing process. Aggregate statistics at the 2-digit SIC |evel
are published by state, after adjusting with a fixed-based
difference. ® This nethodol ogy yiel ds unbi ased statistics, but
with a large sanple error. Very careful consideration should be
taken before results based on a mcro analysis of PACE
establishrments in a particular locality are used for inferences

about the universe of establishnments in that locality.

[11. LINKING PACE TO THE LRD

For nost research, the full benefit of the mcro data files
on pollution abatenent is attained by linking the PACE files with
the LRDfile. 1In so doing, we create a record of the
establishrment's production activity and pol | uti on abat enent
activity. A synergy for potential research is achi eved by

merging the information in the two data sets that cannot be

® For a discussion on fixed-based difference adjustnent to
ASM and ASM based survey data, see Davis, Haltiwanger, and Schuh
(1990).



realized by each in isolation. Exanples of such work are the

i mpact of pollution abatenment expenditures on plant productivity
(G ey and Shadbegi an, 1993) and the rel ationshi ps between state
and plant characteristics and pol |l ution abatenment expenditures
(Post, 1994).

A conpl ete |inkage between the PACE and LRD cannot be
achieved for any year's data. Match rates of PACE establishnents
with sane year’s LRD establishnment data are bel ow 70 percent for
1979-81. However, recent match rates have greatly inproved,
aver agi ng about 95 percent since 1989. There are several reasons
for less than total matching. First, for early survey years
establ i shments sel ected for the PACE survey nay be from an
earlier ASMpanel, and therefore an earlier CM than the
concurrent ASM This source of nonmatches probably affects snal
establ i shments disproportionately, due to the sanple design for
t he ASM

A second source of nonmatches is the |ack of "pernmanent
pl ant nunbers" (PPN) in the PACE data files. " CES uses PPN to
identify and link all establishnents in the LRD. The PPN is
consi dered "permanent" to the establishment and usual |y does not

change over tine, even when the establishnment is sold. 8 In

" Only the 1991 and 1992 PACE nane and address fil es have
cont ai ned PPN s.



general, the PACE survey files identify establishments only by
"Census file nunber"” (CFN), which should be equivalent to the
LRD s "identification nunber" (ID), designating ownership

A third source of nonmatches is related to ownership
changes. The processing of ownershi p changes for PACE and the
ASMwas entirely separate. Ther ef ore the PACE CFN does not
always match that in the concurrent ASM Only recently, has the
SSEL been used to update ownership status before preparing the
year’s mail file. Table 1 lists the ASMand CM from whi ch each
year's PACE sanple is drawn, as well as the nunber of nonnatches
and match rates between PACE and the LRD.

Tabl e 2 shows the nunber of establishnments which can be
continuously linked to the LRD across tinme. By |ooking across a
row, the size of the bal anced panel of establishnents which can
be constructed is shown. For exanple, 12,557 establishnments in
the 1979 PACE survey can be linked to the 1979 ASM There are
11, 872 establ i shnments covered in both the 1979 and 1980 PACE
whi ch can be linked to the 1979 and 1980 ASMs. The bal anced
panel size decreases substantially across tine. Data on only

1,734 establishnments are found in the PACE and LRD files for the

8 The PPN is a 10-digit nunber, usually equal to the 1977 ID
nunber. |If the plant started operations after 1977, the PPN is
equal to the nost current ID nunber of the plant. A PPN can
change if an establishnment is split into multiple sites for
survey purposes. The CFN, however, al so changes with a change in
owner shi p, when the establishnment noves frombeing part of a
single-unit firnms to a multi-unit firm and the reverse.
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years 1979-93. QG ven the dynamcs of establishment survival and
the structure of the PACE survey sanple, any bal anced panel is
likely to consist of |arge establishnents and not be

representative of the manufacturing sector.

V. CES PACE- LRD DATA FI LE STRUCTURE

The |inked PACE-LRD data files are nmaintained at CES as SAS®
data sets. PACE establishnents not found in the LRD are
maintained in the PACE data files; all LRD variables, including
PPN, are bl ank values. Al variables are |abeled and the PACE
survey questionnaire nunber is included in the variable' s | abel.
LRD variabl e | abel s are in uppercase |letters; PACE variable
| abel s are in upper and | owercase letters. There are potentially
three types of data for each question in the PACE survey.
Reported data are exactly as witten on the survey formby the
respondent . Edited data contain all analyst and conputer edits,
including inputes, and reported data where no changes are nade.
Adj usted data are the weighted edited data, which when tabul at ed,
yield the published statistics. Reported data are not avail abl e
for 1984-86 and adjusted data are not avail able for 1979-86,
al t hough adj usted data can be derived using the edited data and
the survey weights. 1In general, the |inked PACE-LRD files
include the reported and edited data. The PACE survey wei ght and

itemedit flags are included, where available. Itemedit flags
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are di scussed in Section V

I n addi tion, the PACE nane and address files are nai ntai ned,
when avail able. Nanme and address files are not available for the
early years. PACE was initially part of the Qurrent Industrial
Report (O R system Nane and address files were housed
separately fromdata files. Only in 1984 were nanme and addressed
included in the database. Table 3 shows the information

avai | abl e at CES for each PACE survey since 1979.

V. DATA QUALITY

The PACE data files residing at CES are used occasionally to
generate aggregate statistics. It is often the case that the
mcro files do not result in aggregate statistics equal to those
in the published reports. This can occur for a variety of
reasons, the nost common being the late receipt or editing of
data included in the CES files. Mst often, these differences
are so snmall as to be inconsequential. However, for sone itens,
particularly at the 4-digit industry level, the differences can
be substantial. Examnation of the mcro data usually reveal s
the difference can be attributed to a single (or few late
reporting small establishment(s), which, because of its |arge
weight, results in a significant difference in the aggregate.

Fi gures 3A-5B present the published and CES mcro data

gener at ed aggregate pol |l uti on abatenent capital expenditures and

12



operating costs, for air, water, and solid waste, respectively.
The published statistics are represented with circles and mcro
data generated conparabl e statistics by squares. For capital
expenditures there is very little difference between the two
series, except for 1979 and 1982 expenditures for solid waste.

D fferences between the published statistics and the mcro data-
based statistics for operating costs are significant for solid
waste in 1979 and all three nmedia in 1985.

There are a nunber of issues which inpact the quality of the
PACE data and which set limts on the enpirical analysis which
can be conducted on the mcro data. |ssues to be considered
i ncl ude the follow ng.

- 1983 data file,

- Conparability over tinmne,

- Conflicting industry, location, sumration information,

- I nputed data,

- Blank data, and

- Measurenent error -- relationship to LRD data.

First, a cooment about termnology is in order. The PACE
survey uses the terns expenditures with capital investnent and
costs with operating and nai ntenance. This report will maintain
t he di chotony of expenditures and costs referring to capital and

operating and mai nt enance expense, respectively.

° Blank val ues are set equal to zero.

13



1983 Data Fil e

The avail abl e 1983 data are not the file used to generate
the published statistics. Hstorical data files for the PACE
survey were obtained in a variety of formats. The only file
| ocated with 1983 data is one with 1983/1984 data. This file is
for 1984 data. The establishnents in the file are those for the
1984 survey. The 1983 data are on the file to establish the
format for entering and editing the 1984 data. This creates
three possible situations. First, for those 1984 establishnents
whi ch were included in the 1983 survey, the 1983 data were used,
data were inputed for all blank itens. Second, for 1984
establ i shnments not covered in the 1983 survey, a record was
generated with inputed data based on industry average val ue.
Lastly, for 1983 establishnments not in the 1984 sanple, there is
no establishnment record. There is no apparent nethodol ogy for
det erm ni ng whi ch 1983 establishnments are fromthe 1983 survey
and which are fully inputed. Simlarly, for the individual 1983
data itens, we cannot distinguish reported/edited frominputed
data as inpute flags were not set when this editing file was
creat ed.

In nost years, the prior year data should be close to the
current data, except when a new sanple is selected. As the 1983
and 1984 PACE sanpl es were drawn fromdifferent universes, the
1980 ASM (1977 COV) and the 1984 ASM (1982 OV), respectively, the
probability is substantial that many of the 1983 observations are

14



fully inmputed. Nearly 9,000 establishments in the 1983 PACE file
are not found in the 1980 ASM fromwhich it was drawn. This
suggests these records are full inputes. Survey analyst estimate
that as nmuch as two-thirds of the establishment records are
inputed. For this reason, CES recommends agai nst using the 1983

data for any anal ysis.

Conparability of Survey Design Over Tine

The survey questionnaire has al so been nodified over tine,
al t hough the basic framework of data collection on new capital
costs and operating expendi tures by nedia has remai ned unaltered.
In general, nore detail has been collected over time and thus
intertenporal conparisons can be nmade at an aggregate |evel by
conbi ni ng appropriate categories. Survey questionnaires are
i ncluded in the Appendi x.

Several differences between the 1992 and earlier surveys
i npact certain types of conparisons nade across years, as

detailed in Pollution Abatenent Costs and Expenditures, 1992

Several changes affect the capital expenditures data. Pollution
abat enment capital expenditures by end-of-1ine and production
process enhancenents (formerly changes-in-production processes)
now apply to solid/contained waste as well as for air and water.
The trends in end-of-1ine and changes-i n-producti on process for
air and water are presented in Figures 6-7, respectively.

As of 1992, the split between hazardous and nonhazar dous
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capital expenditures is nowreported for water, not just air and
solid waste. Also, prior to 1992 capital expenditures for air
pol I ution included a breakdown for seven types of pollutants. In
1992, these data are conbined into three categories: 1)

particul ates, sulfur oxides, nitrogen oxides, carbon nonoxide,
hydr ocar bons/ vol atile organi c conpounds, and |lead, 2) other
hazar dous, and 3) ot her nonhazardous air pollutants.

Finally, starting in 1992, the survey includes "nonnedi a"
and "other" pollution abatenent capital expenditures. "Nonnedia"
i ncl udes underground storage tanks and site cleanup; "other"
capital expenditures are for noi se abatenent, radiation
abatenent, nultinmedia, and not el sewhere classified. Capital
expenditures for abatenent that crosses environnmental nedias are
included in "multimedia.”

I ntertenporal conparisons of detained operating costs are
nore difficult than conparisons of capital expenditures. Prior
to 1983, operating costs were broken down by nedia (air, water,
and solid waste) or by category (depreciation, |abor, materials,
and ot her services), but no category data within media were
collected. From 1983-1991, information on the four categories of
operating costs were collected by nedia. Starting with the 1992
survey, nodified the category definitions. The "fuel and
electricity” operating costs are separated from"naterials and
supplies.” "Equi pnent |easing and other costs" are separate from
"contract work/services" and conbined with "materi al s and
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supplies." "Labor" is relabeled "salaries and wages."
| ntertenporal conparisons can be nade from 1984-1992 can be nade
by nedia for depreciation, |abor, and an aggregate "all el se"
category, as shown in Figures 8-10.

Finally, the split between hazardous and nonhazar dous
operating costs is now collected for air and water, not | ust

sol i d/ cont ai ned waste. 1

Conflicting State and Industry Information

I ndustry and | ocation are inportant selection and contro
characteristics for researchers using the PACE data. It is
therefore inportant that these characteristics of establishnents
are correctly identified. The PACE data files include 4-digit
industry for each establishnent, and location information is
avai | abl e fromthe PACE nane and address files. As shown in
Tabl e 4, conparison of these two characteristics fromthe PACE
files with those on the LRD files reveals that the incidence of
conflicting state location information is low-- less than 1
percent for all years except 1988.

Conflicting industry classification is nore common,
averagi ng less than 10 percent for all years except 1982 and
1988, where nearly 25 percent of the establishnments have

conflicting industry codes. The substantial industry differences

10 Further clarification of “nonnedi a” and “ot her”
termnology will be included in the 1995 survey.
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in these two years probably reflect the revision of the Sl C codes
in 1982 and 1987 and the processing practice of concentrating
industry switches in a census year or the first year of an ASM
panel . ' Industry classification differences at the 4-digit

| evel are probably not of great concern. However, the 2-6
percent with differing 2-digit industry codes may be of sone
concern for the researcher, depending on the sanple and issue
bei ng exam ned. There appears to be an inprovenent in the

consi stency of industry codes after 1988, reflecting efforts to

reconci |l e the PACE and ASM dat a.

| nput ed Dat a

The 1984-93 PACE files contain flags which identify the
status of the data entry. No flags are available for years prior
to 1984. As a general rule, nuneric values without a flag are
either reported or edited, but not inputed. There are a nunber
of possible flags which can appear in the data files as listed is
Table 5. Data itens with a flag set to 'IM, or 'M are inputed.
In principal, capital data are not to be inputed; however, we
find some capital expenditures with the inpute flag set in al
years.

The preval ence of inputed data is of great inportance to

researchers, as inputed observations are frequently deleted from

11 See McQuckin and Peck (1993) for a fuller discussion and
nmeasur enent of industry reclassification.
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mcro data analysis. Two issues are of interest concerning
inmputed data. First, the tine trend in the aggregate inpute
rate, and second, how inpute rates vary across data itens for any
gi ven year.

The aggregate rates for reported, edited, inputed, and bl ank
data are given in Table 6. !  The incidence of data with no flag
is reported al so. Aggregate inpute rates range froma |low of 2.2
percent in 1985 to a high of 17.1 percent in 1989. Prior to 1989
inmputations were a part of the general edit program Begi nning
in 1989, the inputation programwas separated fromthe general
edit program

Little is known about the pre-1989 inputation prograns,
other than the fact that inputed data are not necessarily a
processing correction for itemnonresponses. For exanple, in
processi ng the 1984-88 data, an inpute flag was set for cases
where the data are conputer corrections for respondents’ addition
error. The researcher frequently will find that the data flag on

t he operating expenditure subcategories (depreciation, |abor,

12 Rates for reported, edited, inputed, and bl ank data are
based on the nunber of data itens which are reported (corrected,
i nputed, or blank) divided by the total nunber of data item For
exanpl e, there are 19,505 establishnent records in the 1988 PACE
survey. FE ghty-six establishnments did not conplete the ful
survey due to the various questionnaire screening itens, |eaving
19, 419 respondents. There are 42 itens on the 1988 survey
requesting nunmeric data. Thus, there are a total of 19,414 x 42
= 815,598 possible data itens. The inpute flag, ‘M, is set on
17,982 of these itens. The inpute rate is calculated by: 17,982
/ 815,598 = .022, or 2.2 percent.
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materials, and other costs) indicates reported data, while the

flag on the total indicates inputed data. The inpute flag was

set when the reported total did not equal the sumof the four

subcategories and a corrected total was substituted (14,116 in

1984; and 12,597 in 1985). Therefore, researchers are cautioned

agai nst omtting all data based on the inpute flag being set. 1B
Since 1989, inputation has been a two stage process and al

imputed data are designated with the flag “M. In the first

stage, establishment inpute cases are identified based on the

fol l owi ng definitions.

Full Inpute - Any nonreporting active establishnent
with prior year data for nedia specific tota
pol | uti on abat enent operating costs, paynents to
governnent for pollution abatenment, and costs
recovered through abatenent activities.

Partial Inpute - Any reporting active establishnent
with prior year data for nedia specific tota
pol | uti on abat enent operating costs, paynents to
governnent for pollution abatenent, and costs
recovered through abatenent activities, and did
not respond for these itens in the current period.
| nput ati on occurred only for key itemcodes, with each key item
inputed on a separate basis. |In general, the industry average
rate of change between the prior and current year was applied to

the prior year’'s data. In the second stage, bal ance checks are

13 There may be other instances of this type of flag setting
whi ch are unknown at this tine. Thus, it may be inportant for
the researcher to examne the flags for the data itens of
interest to determne which data itens are true inputes.
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performed on detailed data itens. % Capital expenditures are not
i nput ed, even when prior expenditures were reported, in
recognition of the lunpy nature of capital investnent.

During the editing process prior year data were inputed for
establ i shments new to the sanple. This had the inpact of using
prior inputed data to generate current inputes. This practice
was halted with the 1994 dat a.

Conditional inpute rates by 2-digit industry and for
specific data variables are reported in Tables 7 and 8. The
inpute rates in these two tables are conditioned on the
questionnaire itemfield having nuneric data present; e.g., the
portion of the data being inputed, given there is nuneric data
present. *® Tobacco products (21), paper (26), chemcals (28),
and petroleumrefining (29) exhibit the | owest conditional inpute
rates, averaging less than 10 percent, while | unber (24),
furniture (25), printing (27), and m scel | aneous manuf act uri ng
(39) show average conditional inpute rates above 15 percent. The
hi ghest annual average conditional inpute rates occur in 1989 and

1992: 35.2 percent and 20.4 percent, respectively.

¥ Formulas for inputation are available at CES;, contact the
aut hor .

15 Conditional inmpute rates are the portion of the data
having an inpute flags, given that there is nuneric data present.
For exanple, using the 1988 survey data, as in footnote 8, there
are a total of 815,598 possible data itens. The itemfield is
bl ank for 637,359 of these itens; |leaving 178,239 itens with
nuneri c data present. Thus, the conditional inpute rate is
17,982 / 178,239 = .101, or 10.1 percent.
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Finally, conditional inpute rates vary significantly across
data itens. Table 8 lists the data itens, by year, with
conditional inpute rates of 25 percent or greater for any year
since 1984. * Wth few exceptions, inpute rates are highest in
1989. The exceptions are those itens which are newto the 1992
survey. These variables tend to have high inpute rates in 1992,
but they dimnish significantly the next year. This suggests
that as respondents becone famliar with the newitem inputation
is needed less. An additional factor influencing this trend is
that the nonresponse rate for these itens increased significantly
bet ween 1992 and 1993, thus reducing the denomnator in the

conditional inpute rate cal cul ations.

Bl ank Data Fi el ds

The incidence of blank data fields is substantial, averaging
28.8 percent for 1984-86, and doubling, to 57.2 percent, for the
1988-92 period. This reflects the fact that in early years,
bl ank itens on an otherw se conpleted formwere inputed. This
practice was stopped in 1988. Wile it is not known wth

certainty whether a blank data item nmeans the establishnent had

16 Conditional inmpute rates are the portion of the data
having a flag indicating the nuneric value is inputed, given that
there is a nuneric data present. For exanple, for 1988, 8,306
establ i shments have nuneric values for total air operating costs.
O these, 2,480 establishnments have a flag set to ‘M, indicating
inmputed data. Thus, the conditional inpute rate is 2,480 / 8, 306
= 0.292, or 29.2 percent.
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zero expenditures for the itemin question, blanks are treated as
zeros if the establishnent reported and dat a. 17 Therefore, data
val ues are no longer inputed for these blank data itens during

pr ocessi ng.

Bl ank data are treated as zero in generating the published
statistics and in the calculation of the standard error of
estimates. Wiether these bl ank data are nonresponses or zero is
of sone inportance to mcro data users, as nost econonetrics
packages (including SAS ®) delete blank data fromthe cal cul ati on
of nmeans and other summary statistics, as well as in the

estinmation of nodels, and zero val ues are not del et ed.

Measur enent Error

(ne aspect of neasurenent error centers around the fact that
survey data do not always conformexactly to the variables the
data user has in mnd. Masurenment error can occur for a variety
of reasons. For exanple, respondents may deliberately report
erroneous information, or fail to report, or mscal cul ate
difficult to identify expenses, or msinterpret the

questionnaire. Even carefully constructed survey questions do

17 Survey anal yst for the MA-200 indicate that respondents’
attitude is an inportant characteristic of the data. Many
respondents believe the data is turned over to the EPA, or that
the survey is itself an EPAform They tend to conplete the
survey correctly, or not at all. Large conpanies in heavily
pol luting industries tend to keep the best records of pollution
abat enent expendi t ures.
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not always yield true neasurenents of their theoretica
counterparts. A Bureau review of Economc Area surveys found
msinterpretation of question or survey formwas the nost
significant deficiency of the PACE survey. 18 The net effect of
t hese neasurenents errors i s not known; however, survey anal ysts
feel this is a growi ng problem

Measurenent error is inportant to researchers as it causes
bi ased and i nconsistent results with nany econonetric nodel
estinmation techniques. |In particular, attenuation, where the
estinmated coefficient is biased toward zero, has severe
consequences if the notivation behind the analysis is to address
policy issues, such as Gray and Shadbegi an's (1994) work on
pol | uti on abatenent costs and plant productivity.

If alarge part of the variation in abatenent costs
is due to msneasurenent, the coefficient on abatenent
costs in our regression will be biased toward zero.

If we are interested in how plants would respond to
increased regulation, it would be hel pful to observe
variation in regulation within plants over tine. |If
nmost of our variability in regulation is across plants,
with relatively small variation at a specific plant
over tinme, it will be harder to generate precise
estinmates of regulation's inpact on productivity, and
our predictions about the inpact of changi ng regul ation
wll have to be nore tentati ve.

A nunber of changes were nade in the instructions for the
1992 PACE survey in order to clarify the definitions of several
concepts, and the types of data collected. Many of these changes

reflect input fromthe Bureau of Economc Anal ysis and ot her

18 King and Kornbau (1994).
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policy data users. For exanple, pollution abatenent is redefined
as foll ows.
for the purposes of reducing or elimnating

unwant ed em ssions or wastes that are created by the

producti on process and harnful to the environnent or

the renoval of pollution created by production in prior

years. For this survey, only expenditures with the

primary purpose of protecting the environment are

i ncl uded.
Prior surveys' reference to "pollutants” is replaced with
"unwant ed em ssions or wastes.” The definition of pollutionis
expanded by adding the phrase "harnful to the environment” to the
qualification "created by the production process.” In addition,
techni ques for pollution abatenent are clarified, and additi onal
definitions are included in the survey form

Changes-i n- producti on processes have been rel abel ed
“production process enhancenents” and new instructions detail how
to report these enhancenent expenditures if it is not feasible to
report only the portion intended for environnental protection.
Respondents are finding it difficult to allocate investnment in
end-of -1 i ne equi prent versus changes in production processes as
pol lution abatenent is increasingly built into equi pnent, rather
than added on. New instructions for reporting capital

expenditures clarify the treatment of "construction in progress
intended for environnental protection.”

As nentioned previously, in 1992 "l abor" was rel abel ed
"sal aries and wages" to underscore that expenditures on

envi ronnmental admnistration are now reported in this category.
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The survey instructions also clarified the inclusion of the
foll owi ng types of expenses in 1992:
| ncrenmental costs for consunption of environnmentally
preferable materials and fuel s,

Conducting environmental studies for devel opment or

expansi on,

Conpl i ance and envi ronnental auditing,

Devel opi ng pol | ution abatenment operating procedures, and

Testing and nonitoring procedures and equi pnent.

Taxes, fines, permts, |legal fees, and superfund taxes and
contributions are specified not to be included in pollution

abat enent expenditures. Finally, "cost recovered" is now terned
"cost offsets" and the definition clarifies that cost offsets
must be related to production and for environnental protection
notives rather than economc notives.

Wi | e these changes nay reduce the nmeasurenent error of sone
reported itens, they have the unfortunate side effect for mcro
data users of naking tenporal conparisons across tine of such
data itens nore problenmatic, as discussed in earlier inthis
secti on.

(ne way of testing for neasurenent error is to calculate the
ratio of pollution abatenment costs to total costs. Al though
there is considerable variation in these ratios, both w thin and
across industries, what is of interest here is when the ratio
exceeds reasonabl e bounds. Tables 9-12 show the distribution of
plants with data by the ratio of pollution abatenment expenses to
total LRD expenses for new capital investnent, capital

depreciation, labor, and materials, respectively. The incidence
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of blank data varies considerably. ' Blank data are nore
preval ent for capital expenditures than for the operating costs
categories, averaging 56.3 percent for capital expenditures and
about half that for depreciation, |abor, and material costs.
This trend is not surprising, as capital investnent expenditures
are lunpy in nature.

Establ i shnents reporting expenditures for pollution
abat enment exceed total expenditures in the LRD are obvi ous cases
of neasurenent error.  establishnents reporting investnent in
capital for pollution abatenent, approxinmately 6 percent indicate
that nore than 100 percent of their capital expenditures are for
pol lution abatenent. E ther there is understatenent of total
capital investnent in the LRD, and/or an overstatenent of
pol | uti on abatenent capital investnment in the PACE Sonme PACE
survey respondents have indicated that they do not include
pol | uti on abatenent capital expenditures in the capital
investnent reported on the ASM thus understating total capital
investment. Qhers indicate they report all their pollution
abat enent expendi tures on the PACE survey, despite instructions

toin count only that nade specifically for pollution abatenent

1 For Tables 9-12, capital, depreciation, |abor, and
materi al s are aggregated across environnmental media (unwei ghted).
Only if data were blank for all medias was the establishnent
classified as “Blank Data”. |f any of the nedia categories had a
nuneric val ue, then the establishnment was considered to have
data. Therefore, the incidence of blank data is understated on
t hese tabl es.
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pur poses, and not expenditures nade for production and profit
reasons. 1In general, |arge establishnents in heavily polluting
industries track their expenditures very well. There is a
probl em of mssing capital data for nonrespondi ng | arge
establishments. No data are inputed in these cases.

For 1979-82, the ratio of depreciation costs for pollution
abatenent capital to LRD total capital depreciation exceeds 100
percent for nearly 5 percent of the establishnments with pollution
abat enment depreciation costs. In contrast, for 1984-88, 10
percent of the establishnments exhibit this degree of neasurenent
error. Capital depreciation data are not available in the LRD
after 1988.

The | abor and materials cost ratios are quite different;
only a few establishnents exhibit ratios exceeding 100 percent.
This suggests that it is far nore difficult to neasure capital,
and therefore depreciation, and to allocate the portion for
pol l ution abatenent, than it is to neasure | abor and nateri al

costs.

VI . RECOMVENDATI ONS

To date the design and processing of the PACE survey (as
with nost econom c surveys conducted by the Bureau) is conducted
with the objective of producing cross-sectional aggregate

statistics. Each year is treated in isolation. Such an
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orientation permts the identification of interesting cross-
sectional relationships in economc data, but does not produce
the quality longitudinal data necessary to generate useful

i nformation about the behavi or and performance of economc units.
In this vein, the foll ow ng suggestions are nmade for design and
processing of the PACE survey to enhance its value to mcro data.
These recomrendati ons nmay not be conpatible with current Bureau

resource limtations and such concerns as respondent burden.

Survey Desi gn Recommendati ons

1) Return the PACE sanple fromthe concurrent year’s ASM
This would insure the availability of general economc data
(fromthe ASM or OV to augnent the PACE data, for every
establ i shment in the PACE sanple and would mnimze industry
code discrepancies. In addition, it wuld allow for a
nunber of editing checks for consistency of the data, as

di scussed bel ow.

2) Ask for total enploynment and total value of shipnents on
the PACE survey to aid in matching with ASM and CM dat a.

3) Maintain the PPN, as well as CFN on the data records to
facilitate identification and |inkage of PACE establishnents
with the LRD

3) To the extent possible, the expenditure and cost
categories should be simlar between the GV ASM and PACE
in order to facilitate conpari son between pol | ution

abat enment expenses and total production expenses. The

br eakout of operating costs on the PACE survey since 1992,
in conjunction with the revised definitions, is a wel comed
nmove in this direction.

4) Instructions on the ASM and CM shoul d indicate that costs

and expendi tures should be totals, including expenses for
pol | ution abatenent, health, and safety purposes.

Processi hg Recommendat i ons
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1) A flag should be set for every data item including
itens left blank. Were there is a nuneric value the flag
should indicate if reported, inputed, corrected or adjusted.

2) Periodic (every two or three years) edit checks for data
consi stency shoul d be inpl enented, checking PACE data

agai nst data fromthe concurrent ASM For exanpl e,
calculating the rati o between PACE reported capita

i nvestment and ASMreported total capital investnent.
Establi shnents with a derived ratio greater than 1.00 woul d
be flagged for verification or correction. Simlar ratio
checks can be run on reported sal ary and wages, fuel and
electricity, and material s.

3) As aroutine matter, notify CES when final PACE data and
nanme and address files are available. A so, CES should
receive a copy of each year’s publication, as it becones
avai |l abl e.

4) Include reported, adjusted, and edited data in data files
transferred to CES, as well as the survey weights, data
flags, and the nane and address information (as is currently
bei ng done).

5) Establish a continuous working relationship between
CES and ETlI branch. CES could provide infornation on
and exanpl es of PACE data uses and needs. ETI could
provi de details on proposed changes in survey and
sanpl i ng design, and data processing and revi ew whi ch
affect the year’s data. Details of the data processing
speci fications woul d be nost beneficial to the data
users in understanding the properties of the survey
dat a.
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TABLE 1
PACE- LRD Mat ch

Year From From PACE No Match % LRD
ASM ™M Sanpl e To LRD Mat ch
Size
1979 1977 1972 20, 123 7, 566 62. 4
1980 1977 1972 20, 123 8, 188 59. 3
1981 1977 1972 20, 002 8, 704 56. 3
1982 1980 1977 18, 419 911 95.1
19831 1980 1977
1984 1984 1982 20, 099 1, 620 91.9
1985 1984 1982 20, 099 2, 886 85.6
1986 1984 1982 18, 047 2, 653 85.3
198772
1988 1984 1982 19, 505 2,923 85.0
1989 1989 1987 16, 775 622 96. 3
1990 1989 1987 16, 803 1, 459 91.3
1991 1989 1987 16, 523 59 99. 6
1992 1989 1987 16, 742 779 95.3
1993 1989 1987 16, 680 1, 296 92.2

! No data avail abl e.
2 No survey conduct ed.
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Table 2
PACE- LRD Dat a

YEAR 1979 1980 1981 1982 19831 1984 1985 1986 19872 1988 1989 1990 1991 1992 1993
1979 12,557 | 11,872 | 11,068 | 7, 267 - 5, 289 4,977 4,148 - 4, 040 2,574 2, 443 2, 410 1,871 1,734
1980 11,935 | 11,104 | 7,277 - 5, 298 4, 986 4, 156 - 4,046 2,577 2, 446 2,413 1, 874 1,737
1981 11,208 | 7, 346 - 5,343 5, 026 4,189 - 4,078 2,591 2, 457 2,424 1, 882 1, 744
1982 17, 508 - 7,718 7,188 5,943 - 5, 757 3, 270 3, 106 3, 064 2, 258 2, 080
19831 - - - - - - - - - - -
1984 18,479 | 16,816 | 13, 266 - 12,699 | 4,707 4, 435 4,361 2, 965 2, 702
1985 17,213 | 13,500 - 12,910 | 4,758 4,482 4, 407 2,991 2,721
1986 15, 394 - 14,668 | 5,257 4,938 4, 853 3, 256 2,954
19872 - - - - - -

1988 16,582 | 5,771 5, 392 5, 206 3, 486 3, 261
1989 16,153 | 14,539 | 13,758 | 6,764 6, 234
1990 15,343 | 14,338 | 6,935 6, 382
1991 15,732 | 7,626 6, 952
1992 16,741 | 14,936
1993 16, 680

No data avail abl e.
No MA-200 Survey conduct ed.
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Avai | abl e PACE | nfornmati on

Table 3

YEAR Reported | Edited | Adjusted Fl ags Wi ght s Nanme &
Dat a Dat a Dat a Addr ess

1979 X X X

1980 X X X

1981 X X X

1982 X X X

19831

1984 X X X X

1985 X X X X

1986 X X X X

198772

1988 X X X X X

1989 X X X X X

1990 X X X X X

1991 X X X X X X

1992 X X X X X

1992 X X X X X

1
2

No data avai |l abl e.

No survey conduct ed.
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Tabl e 4
PACE- LRD State and I ndustry Matches

Year N % PACE St % PACE % PACE
E LRD St Ind £ LRD Ind £ LRD
Ind 2-Digit | nd
4-Digit
1979 20, 123 NA 1. 6% 8. 9%
1980 20, 123 NA 1. 8% 9. 0%
1981 20, 002 NA 1. 9% 9. 6%
1982 18, 419 NA 6. 1% 24. 9%
19831
1984 20, 099 0. 2% 2. 1% 5. 7%
1985 20, 099 0. 2% 1. 9% 6. 1%
1986 18, 047 0. 9% 1. 9% 5. 8%
198772
1988 19, 505 1. 4% 6. 0% 23. 7%
1989 16, 775 0. 8% 0.1% 0. 3%
1990 16, 793 0. 4% 0. 6% 1. 4%
1991 16, 531 0.1% 0. 2% 0. 3%
1992 16, 741 0. 2% 2.3% 7.9%
1993 16, 680

! No data avail abl e.
2 No survey conduct ed.
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Table 5
PACE Data Item Fl ags

Fl ag Year Val ue

A 1989- 93 Interactive correction, itemadded by
anal yst

AC 1983- 86 I nteractive correction, analyst
correction based on response data

B 1989- 93 Bl ank or reported zero

C 1989- 93 Conputer edit rejection of reported
data, new data created

cC 1983- 86 Conpute edit rejection of reported dat a,
new data created

D 1989- 93 Conputed item (derived/ created by edit
system

E 1989- 93 Conputer edit rejection of a batch
anal yst correction, new data created

| M 1983- 86 | nput ed dat a

K 1988-93 Anal yst correction, previously inputed,
came in on next year’s form

L 1989- 93 Late receipt of data, sane as respondent
reported

LI 1983- 86 Late receipt of data, edited/raked

M 1988-93 | nput ed dat a

M 1983- 86 Edi t ed/ r aked dat a

R 1988-93 Reported data

RD 1983- 86 Reported data

RP 1983- 86 Reported data

T 1989- 93 I nteractive correction, analyst

correction based on response data
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Tabl e 6
Per cent age of PACE Data | nput ed,

Reported, Edited, or Bl ank

YEAR | nput ed Report ed Edi t ed M ssi ng Bl ank

Dat a Dat a Dat a Fl ag Dat a
1984 4.7 65. 2 2.9 1.4 25.8
1985 2.2 65. 9 0.5 2.9 28.5
1986 2.0 62. 5 0.5 2.8 32.1
19871
1988 2.2 19.1 0.4 0.2 78. 1
1989 17.1 29.7 1.9 0.0 51.4
1990 4.6 30.9 1.7 0.0 62.7
1991 3.5 31.9 1.9 0.0 44. 5
1992 9.7 36. 3 1.5 0.0 52.6
1993 4.4 37.6 1.7 0.0 56. 2
Mean 5.6 42.1 1.4 0.8 48.0

1

No survey conduct ed.
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Table 7
PACE Survey Conditiona

| nput e Rates?,

By Year and 2-Digit Industry
2-Digit Industry

Year 20 21 22 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 Mean
1984 6.4 3.5 5.6 7.6 9.2 5.3 9.7 4.7 51 9.5 7.2 7.6 6.1 5.5 6.1 5.6 5.4 8.6 8.1 6.3
1985 2.7 1.7 3.0 2.2 2.8 2.4 2.5 2.8 2.5 2.6 2.5 3.8 4.3 3.4 3.4 2.9 3.5 4.3 4.2 31
1986 2.6 1.4 2.8 1.8 2.8 2.4 2.6 2.6 2.4 2.7 2.0 3.3 4.1 3.2 3.2 3.1 4.6 3.6 3.3 3.0
19872

1988 12. 4 7.4 10. 6 8.8 9.3 6.7 15.0 6.4 6.8 10.9 16.1 9.7 9.5 11. 4 11. 4 9.9 11. 3 13.0 12.8 10.1
1989 31.7 22.7 35.4 55.6 46.7 22.5 57.6 19.4 23.6 45. 8 40. 4 37.2 28.6 40.5 41.5 36.3 27.2 30.7 47. 4 35.2
1990 11.8 6.8 12. 4 24.3 19.5 5.7 21.0 7.9 7.9 14. 6 14. 4 10.9 11.2 17. 2 12.0 14.0 10.5 10. 3 23.8 12. 4
1991 9.2 0.6 8.2 11.7 13. 4 5.6 14. 2 6.9 8.0 10.7 12.5 8.0 8.9 10. 2 9.3 10. 4 10. 2 7.8 13.8 9.3
1992 18.0 9.2 24.7 28.9 31.7 12.9 27.7 11.5 10.9 21.1 21.7 19.8 19.5 22.1 22.2 20.8 17.0 22.5 31.3 20.4
1993 10. 2
Mean 11.9 6.7 12.8 17.6 16.9 7.9 18.8 7.8 8.4 14. 7 14. 6 12.5 11.5 14. 2 13.6 12.9 12.9 12. 6 18.1 12. 2

! Rates conditional upon itemfield not being blank, e.g. the portion of the data that is

i nputed, given there is nuneric data in the field.

2 No survey conduct ed.
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Tabl e 8

PACE Survey Conditional |npute Rates?,
By Year and Item
Data |tem 1984 1985 1986 19872 | 1988 1989 1990 1991 1992 1993

Air, Depreciation Costs 0.0 0.0 0.0 0.0 50. 4 19.2 13.9 27.2 17.3
Air, Energy Costs NA NA NA NA NA NA NA 25.0 18.0
Air, Labor Costs 0.0 0.0 0.0 0.0 49.9 18.1 13.2 23.9 16. 8
Air, Materials Costs 0.0 0.0 0.0 0.0 48.6 19.1 13.8 26.4 17.1
Air, Qher Costs 0.0 0.0 0.0 0.0 55.5 19.5 13.8 NA NA
Air, Total Cperating Costs 22.8 15.5 11.8 29.9 44. 8 16. 4 11.0 22.7 13.5
Cost Recovered, Ar 21.5 5.3 8.5 21.5 8.4 1.6 2.5 26.3 11.5
Costs Recovered, Solid Waste 54.1 13.8 8.3 0.2 5.4 2.9 3.6 23.0 11.3
Costs Recovered, Water 24. 4 9.3 11.0 26.0 7.8 1.9 2.2 23.6 11.0
Hazar dous, Depreciation Costs 0.0 0.0 0.0 0.0 51.9 16.6 11. 4 NA NA
Hazar dous, Labor Costs 0.0 0.0 0.0 0.0 55.2 20.3 15.5 NA NA
Hazardous, Materials Costs 0.0 0.0 0.0 0.0 56. 7 19.7 15.2 NA NA
Hazardous, Qther Costs 0.0 0.0 0.0 0.0 46.6 19.1 14.3 NA NA
Haz., Total Cperating Costs 16. 4 11.5 10.8 27.9 44. 2 16. 8 12.2 NA NA
Haz., Air Qperating Costs NA NA NA NA NA NA NA 43. 8 1.6
Mini ci pal Solid Waste Costs 39.6 10. 2 7.6 32.2 50. 2 17.7 12. 4 24. 7 16. 4
Nonhazar dous, Depreciation 0.0 0.0 0.0 0.0 42.3 18.1 13.6

Nonhazar dous, Labor Costs 0.0 0.0 0.0 0.0 42.8 22.3 16.9
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Data |tem 1984 1988 1991 1992
Nonhazar dous, Materials Costs 0.0 .0 .0 0.0 15. 8 NA
Nonhazar dous, QG her Costs 0.0 .0 .0 0.0 13.8 NA
Nonhaz., Total perating Costs 16.9 .0 .6 34.5 11.7 NA
Public Sewer Costs 22.2 7 7 30.8 11.5 20. 6 .6
Solid Waste, Hazardous Costs 0.0 0.0 0.0 0.0 1.0 31.1 .2
Solid Waste, Haz. Capital NA NA NA NA NA 40.7 .0
Solid Waste, Labor Costs NA NA NA NA NA 25.0 .9
Solid Waste, Materials Costs NA NA NA NA NA 25.4 .2
Water, Depreciation Costs 0.0 0. 0. 0.0 13. 23.7 21
Water, Labor Costs 0.0 0. 0. 0.0 13. 24. 3 .5
Water, Haz. Capital Expenditures NA NA NA NA NA 43.1 .0
Water, Hazardous Costs NA NA NA NA NA 42. 4 .6
Water, Materials Costs 0.0 0. 0. 0.0 13. 25.5 .1
Water, Qther Costs 0.0 0. 0.0 0.0 13. NA
Water, Contract Service Costs NA NA NA NA NA 26.
Water, Total (perat. Costs 24.2 18. 12. 31.5 10. 2 20.8

NA -- Not Applicable, question not asked.
upon itemfield not being blank, e.g.
i nputed, given there is nuneric data in the field.

1 Rates conditiona

No survey conduct ed.

the portion of the data that is




Rati o of New Pol | uti on Abatenent Capital

Tabl e 9

Expenditures to Total Capital Expenditures
Year Bl ank No No PA 1-5% 6-10% | 11-25% | 26-50% | 51-75% 76- 101- 151- > 200%
Dat a | nvest | nvest 100% 150% 200%

1979 45. 4 0.5 10.7 22.6 6.2 7.0 3.7 1.5 0.8 0.5 0.2 1.0
1980 44.7 0.7 9.6 24.8 5.6 6.9 3.7 1.5 0.7 0.5 0.2 1.0
1981 46.5 0.6 11.8 22.2 5.8 6.1 3.4 1.2 0.8 0.5 0.2 0.8
1982 41. 4 3.9 29.6 13.8 3.6 4.0 2.1 0.7 0.4 0.2 0.1 0.4
19831

1984 74.7 1.1 3.4 10. 8 3.2 3.3 1.7 0.6 0.3 0.2 0.2 0.4
1985 72.7 1.6 3.9 11.5 3.1 3.5 1.8 0.7 0.4 0.4 0.1 0.4
1986 70.1 1.3 4.4 11.5 3.5 3.9 2.3 1.0 0.6 0.4 0.1 0.7
19872

1988 73.6 1.2 40.0 12.0 3.8 4.1 2.5 0.9 0.5 0.4 0.3 0.7
1989 56.1 2.6 14.5 12.3 3.8 4.8 2.6 1.1 0.6 0.5 0.2 0.8
1990 54. 2 3.0 15. 1 12.1 3.9 5.1 3.0 1.2 0.7 0.5 0.3 0.9
1991 56. 1 2.0 14.6 10.9 3.9 5.2 3.0 1.5 0.9 0.7 0.3 0.8
1992 53.9 1.5 12.9 13.8 4.7 5.5 3.5 1.4 0.8 0.7 0.4 0.9
1993 54.6 1.0 11.9 15.0 4.7 5.7 3.2 1.6 0.7 0.6 0.2 0.8
Mean 55. 6 1.6 14. 0 14. 9 4.3 5.0 2.8 1.1 0.6 0.5 0.2 0.7

1 No data avail abl e.

2 No survey conduct ed.
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Rati o of Poll ution Abatement
Costs to Tot al

Tabl e 10

Depreci ati on
Depr eci ati on

Year Bl ank No No PA 1-5% 6-10% | 11-25% | 26-50% | 51- 75% 76- 101- 151- > 200%
Dat a Depr ec Depr ec 100% 150% 200%

1979 43.5 0.0 6.7 27.2 8.7 8.9 3.1 0.9 0.2 0.2 0.1 0.3
1980 42. 4 0.0 6.6 30.5 8.2 8.0 2.6 0.7 0.3 0.1 0.1 0.3
1981 43. 4 0.0 6.0 30.3 7.9 8.1 2.7 0.8 0.2 0.1 0.1 0.4
1982 34.7 0.0 28.8 23.3 5.4 5.2 1.6 0.4 0.2 0.1 0.1 0.2
19831

1984 4.7 3.0 43.9 30.5 6.9 6.9 .2 0.8 0.3 0.3 0.1 0.4
1985 17.1 2.2 29.9 32.3 7.6 .9 2.3 7 0.3 0.3 0.1 0.4
1986 15. 6 .8 33.4 31.3 5 6.8 0 0.7 0.3 0.3 0.1 4
19872

1988 45.5 1.2 5.6 31.4 6.9 6.2 1.9 0.6 0.2 0.2 0.1 0.2
19892 NA NA NA NA NA NA NA NA NA NA NA NA
19902 NA NA NA NA NA NA NA NA NA NA NA NA
19913 NA NA NA NA NA NA NA NA NA NA NA NA
19923 NA NA NA NA NA NA NA NA NA NA NA NA
19933 NA NA NA NA NA NA NA NA NA NA NA NA
Mean 30.9 1.0 20.1 29. 6 7.4 7.1 2.3 0.7 0.3 0.2 0.1 0.3

1

3

No data avai |l abl e.

No survey conduct ed.
Depreci ation not collected in LRD
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Tabl e 11

Rati o of Pollution Abatenent Labor
Costs to Total Labor Costs
Year Bl ank No No PA . 1-1% 2-5% 6-25% | 26-50% | 51-75% 76- 101- 151- > 200%
Dat a Labor Labor 100% 150% 200%

1979 38.9 0.0 6.8 41.8 10. 3 2.1 0.0 0.0 0.0 0.0 0.0 0.0
1980 37.6 0.0 6.1 43.4 10.5 2.3 0.1 0.0 0.0 0.0 0.0 0.0
1981 37.5 0.0 6.1 43.0 10. 8 2.4 0.1 0.0 0.0 0.0 0.0 0.0
1982 24.3 0.0 34.6 31.9 7.4 1.7 0.1 0.0 0.0 0.0 0.0 0.0
19831

1984 0.0 0.9 40.7 45.0 10. 2 2.4 0.1 0.0 0.0 0.0 0.0 0.0
1985 0.0 1.2 31.2 51.6 12.8 2.9 0.2 0.1 0.0 0.0 0.0 0.0
1986 0.0 0.5 35.2 47.7 13.1 3.0 0.2 0.0 0.0 0.0 0.0 0.0
19872

1988 43.3 0.6 0.0 42.1 11.3 1.5 0.1 0.0 0.0 0.0 0.0 0.0
1989 29.5 0.3 18. 4 36.0 12.7 2.8 0.2 0.0 0.0 0.0 0.0 0.0
1990 47.5 0.3 2.5 34.2 12. 4 2.8 0.2 0.0 0.0 0.0 0.0 0.0
1991 49.9 0.0 2.3 32.6 12.3 2.8 0.2 0.0 0.0 0.0 0.0 0.0
1992 37.5 0.0 0.0 44.6 13.0 2.3 0.1 0.0 0.0 0.0 0.0 0.0
1993 39.7 0.0 2.7 42.0 13.2 2.2 0.0 0.0 0.0 0.0 0.0 0.0
Mean 29.7 0.3 14. 4 41.2 11.5 2.4 0.1 0.0 0.0 0.0 0.0 0.0

1 No data avail abl e.

2 No survey conduct ed.
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Tabl e 12

Rati o of Poll ution Abatement
Cost to Tot al

Materi al s

Mat eri al s Cost

Year Bl ank No No PA .1-1% 2-5% 6- 25% 26- 50% 51- 75% 76-100% 101- 151- > 200% Mean
Dat a Mat eri al Mat eri al 150% 200% Ratio

1979 42. 4 0.0 7.8 44. 2 4.8 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.8
1980 41. 2 0.0 7.0 46.1 5.0 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.5
1981 41.7 0.0 6.0 46. 4 51 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.5
1982 30.5 0.0 30.5 34.4 3.9 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.4
19831

1984 0.0 1.9 43.1 a47.7 6.3 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
1985 0.0 1.5 33.8 54.6 8.3 1.5 0.1 0.0 0.0 0.0 0.0 0.0 0.6
1986 0.0 1.0 36.1 52.4 8.6 1.6 0.2 0.0 0.0 0.0 0.0 0.0 1.7
19872

1988 42.9 0.6 0.0 48.0 7.2 1.1 0.1 0.0 0.0 0.0 0.0 0.0 1.3
1989 28.8 0.4 17.5 42.6 8.3 2.1 0.2 0.0 0.0 0.0 0.0 0.0 1.1
1990 45.7 0.1 2.4 40.9 8.2 2.1 0.1 0.0 0.0 0.0 0.0 0.0 1.4
1991 48. 2 0.0 2.2 39.0 8.4 1.9 0.1 0.1 0.0 0.1 0.0 0.0 1.3
1992 37.8 0.0 4.0 47.3 8.4 2.1 0.2 0.1 0.0 0.0 0.0 0.0 1.2
1993 43.1 0.0 4.7 42.5 7.3 2.1 0.2 0.1 0.0 0.0 0.0 0.0 1.4
Mean 28.7 0.4 15.0 46. 6 7.3 1.4 0.1 0.0 0.0 0.0 0.0 0.0 3.2

1
2

No data avai |l abl e.

No survey conduct ed.
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Figure 1
LRD and PACE Size D stribution*,
1992
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Fi gure 3A

PUBLISHED VERSUS MICRO DATA AGGREGATES
POLLUTION ABATEMENT AIR OPERATING
COSTS,* 1979-1992

Operating Costs (in Millions)
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* Including Government Payments

Figure 3B

PUBLISHED VERSUS CES MICRO-DATA AGGREGATES
POLLUTION ABATEMENT AIR CAPITAL
EXPENDITURES, 1979-1992
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FI GQURE 4A

PUBLISHED VERSUS MICRO DATA AGGREGATES
POLLUTION ABATEMENT WATER OPERATING
COSTS,* 1979-1992

Operating Costs (in Millions)

1979 1980 1981 1982 1984 1985

Year

1986 1988 1989 1990

* Including Government Payments

Figure 4B

PUBLISHED VERSUS CES MICRO-DATA AGGREGATES
POLLUTION ABATEMENT WATER CAPITAL
EXPENDITURES, 1979-1992
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Operating Costs (in Millions)
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Fi gure 5A

PUBLISHED VERSUS MICRO DATA AGGREGATES
POLLUTION ABATEMENT SOLID WASTE
OPERATING COSTS,* 1979-1992
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Fi gure 5B
PUBLISHED VERSUS CES MICRO-DATA AGGREGATES
POLLUTION ABATEMENT SOLID WASTE CAPITAL
EXPENDITURES, 1979-1992

SOLID PUB
[ N
SOLID CES
,,,,,,,,,,, S

Capital Expenditures (in MilLIONS)

800

600

400

200

1979

1980

1981

1982

1984

1985

Year

1986

49

1988

1989

1990

1991

1992



5, 000

Figure 6
Air Pollution Abatenment Capital Expenditures?*,
By Method, 1979-92
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Water Pollution Abatenent Capital Expenditures?*,
By Met hod, 1979-92
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Figure 8
Air Pollution Abatenent Qperating Costs*,
By Category,

1979-92
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Figure 9

Pol | uti on Abat enent Qperating Costs* **,

By Category, 1979-92
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Figure 10
Solid Waste Pol | uti on Abatenent Operating Costs*

By Category, 1979-92
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APPENDI X

Sanpl e Survey For ns:
1979- 93
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