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Abst r act

A regul atory agency enforcing conpliance in a declining industry m ght
recogni ze that certain plants would close rather than conply, and that these
closings woul d inmpose |arge costs on the | ocal community. EPA enforcenent
activity inthe US steel industry is exam ned for evidence of this result.

A three-equation system |inking EPA enforcenent decisions, conmpany

pl ant -cl osi ng deci si ons, and conpany conpliance decisions is estimated. The
results indicate that the EPA directed fewer enforcement actions toward plants
with a high predicted probability of closing and plants that were ngjor

enpl oyers in their comunity; also, plants predicted to face relatively heavy
enforcement were nore likely to close
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L. Introduction
Critics of U.s. pollution-control policies frequently complain that the
governnent pursues the benefits of reduced pollution w thout fully considering
"the costs. Wile nuch attention has focused on the inefficiency of the EPA’s
t echnol ogy-based regul ati ons, which ignore the potential cost savings of

allowing firms to equal i ze margi nal abat ement costs, 1

a more politically
expl osi ve issue concerns the potential trade-offs between pollution contro
and jobs. A firms decision to curtail or discontinue operations at a plant
can inpose substantial adjustment costs on the |ocal community, including |ost
taxes and reduced incone for local residents. A regulator mght consider
these costs as part of the total cost of pollution reduction, and allocate
enforcenent efforts so as to reduce these costs to | ocal comunities. 2

In this paper, we exanm ne EPA activity at U S steel plants during the
years 1977-1986 for evidence that the EPA’s enforcenent activity was
responsive to nmeasures of the possible econonic disruption from plant
closings.3 During this period, the EPA faced the probl emof enforcing new,
hi gher air-quality standards on an industry that was a major polluter, but was
al so undergoi ng severe contraction. W estinate a sinultaneous system of EPA
enf orcement deci sions and conpany pl ant-cl osing decisions to test the
hypot hesis that the EPA directed | ess enforcenent activity toward plants that
were likely to close, or that were | ocated where a closing woul d generate
hi gher -t han-aver age adj ustment costs.

We nodel the regulator as wishing to reduce steel industry pollution at
m ni num cost, including |ocal adjustnment costs. Expected | ocal adjustnent

costs depend on the probability that the plant will close, and on the anount

of local disruptionthat will occur if the plant does close.- Firns, inturn
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must deci de which plants to close during the contraction, and they include
their prediction of future enforcement activity by the EPA in their
assessnents of future plant profits.

W round out the systemwi th a third equation nodeling conpany deci sions
about whether to conmply with pollution regulations at a plant, because several
researchers have found a rel ati onshi p between enforcement and conpliance. 4
W follow Bartel and Thomas (1985) by including an equation for this decision
though in our case a firms decision to conmply is likely to be subordinate to
its decision about whether to close the plant.

W estimate our three-equation nodel using data on 49 plants, which
together represented virtually all the capacity of the US integrated stee
industry in 1976. 2 The steel industry has several characteristics that
increase the |ikelihood of observing EPA sensitivity to potential adjustmnment
costs. First, the industry produces a great deal of pollution, forcing the
EPA to take sone action toward it.® Second, the i ndustry contracted sharply
during the test period: of the 49 plants in our sanple, 21 closed by 1987.
Third, steel plants enploy |arge anounts of workers, increasing |oca
adj ust ment costs.

In Section II we discuss the nodel of EPA activity and conpany
pl ant-cl osi ng and conpliance decisions. W explain the econonetric
specification used in Section III, and give a brief description of the data
set in Section|V. The results are discussed in Section V, and Section VI is
t he concl usi on
II. Model

Assume that new anti-pollution |egislationraising air-quality standards

is enacted. Assume further that one of the major polluters is an industry
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that is contracting because of declining demand. W first discuss the EPA
enforcenent decision in this situation, and then conpany pl ant-cl osi ng and

conpl i ance deci si ons.

The Enforcenent Decision

W assume the regul ator maxi m zes net marginal social benefit, and thus
that enforcement activity is a function of the benefits and costs of pollution
control. The social benefit of regulating air pollution at steel plants comes
fromreducing the pollutionthey produce. Thus, other things being equal,
regul ators will create nore social benefit by enforcing conpliance at plants
emtting higher |evels of pollution.

This benefit will vary fromplace to place, however, depending on |oca
conditions: other things being equal, the benefit fromreducing pollution
will be greater in a nore heavily polluted area. Further, the benefits from
enforcement at a plant will also vary according to whether the plant is
already in conpliance. The return on additional enforcenent pressure will be
| oner at those plants already in conpliance, or those nore likely to be
brought into conpliance.

V¢ nodel the total social cost of pollutionenforcement in two parts. The
first part consists of the cost to firms, in extra i nvestnent, increased
operating costs, and reduced productivity, of conplying with regulations.7 As
previ ous authors have noted, the net social benefit of pollutioncontrol is
maxi m zed i f the EPA enforces regul ations so as to equalize marginal abatenent
costs.

The second part of the total social cost is the adjustment cost

experienced by the local coomunity if a plant closes rather than conply with
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EPA regul ations. When plants close, society |loses the |abor hours of
unenpl oyed workers, their unenploynent insurance payments, and the resources
required by |l ocal comunities to adjust (downward) the provision of such

8 iy regul atory enforcenent behavior

services as police and fire protection.
mght lead to sone plant closings, regulators mght direct their enforcenent
toward plants for which the social cost of closing is |ower.9

In summary, the regulatory agency enforces conpliance across plants so as
to maxi mze the difference between the benefits and costs of pollution
reduction. The benefits of enforcing pollution regulations depend on the
amount of pollution plants produce, on the probability that they will be
brought into conpliance, and on | ocal pollution levels. The costs of

enf orcerment depend on the adjustment costs of |ocal comunities associated

with a plant closing, as well as on the increase in conpany production costs.

I I ) . o

The challenge to firnms in a declining industry is to mnimze their |osses
by closing those plants with the | owest expected net revenues. Thus, plants
with the | onest expected revenue and the highest expected production costs, as
as well as the ol dest capital stock, should be cl osed. 10

However, a firm must al so consider the cost of conplying with pollution
regul ati ons when ranking plants by expected net revenues. The cost of
bringing a plant into full conmpliance will depend on the type of nachinery
already in place at the plant. The higher this cost, the |ower the expected

net revenues that will be earned by the plant, making a firmnore likely to

close it.
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The expected conpliance cost also depends on the | evel of enforcenent that
a firmexpects to encounter at each plant. Qher things being equal, plants
expected to face nore enforcenent pressure will need to spend nore for
pollution control. Plants facing higher expected enforcenent activity will
have hi gher expected conpliance costs, and thus |ower expected net revenues;
such plants are nore likely to close

Simlarly, firns will be less likely to close plants that are already in
conpliance or easy to bring into conpliance, perhaps because of past
i nvest ment deci si ons or because of differences in local county regul ations.
Therefore, ceteris paribus, the probability of a plant being in conpliance
shoul d be inversely related to the probability of a plant being closed. Thus,
firms mnimze their |osses by closing plants with the | owest expected net
revenues, the ol dest capital, the highest expected conpliance costs, and the
| owest probability of being in conpliance. Firns are nore likely to close
pl ants where nore enforcement i s expected to occur, since enforcenent is

likely to raise conpliance costs.

The Compliance Decision

In a declining industry, a firms decision as to whether to bring a pl ant
into full conpliance may wel |l be subsidiary to its decision about whether to
close the plant. Nevertheless, we include a third equation in the node
because, as stated above, enforcenent decisions are likely to be influenced by
whet her a plant is in conpliance or being brought into conpliance in a timely

manner. In turn, conpliance may well be affected by expected enforcenent,
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particularly anong plants that will remain open. QGher things being equal, a
greater degree of conpliance shoul d be observed in plants expected to
encount er nore enforcement pressure.

A firms decision about whether to bring a plant into conpliance is
closely tied to the firms plant-cl osing decision: the cost of conpliance,
neasured in dollars per ton of steel shipped, will be nmuch hi gher for a plant
that will soon close, giving a firmlittle incentive to bring it into
conpl i ance before shutting it down. Thus, we include the plant-closing
deci sion as a determnant of the conpliance decision, and expect that, other
things being equal, we wi || observe | ess conpliance at plants nore likely to
cl ose.

Fi nal Iy, hol di ng expect ed enforcenment constant, a firms decisionwll
al so be affected by the expenditure required to bring a plant into full
conpl i ance. Conpliance costs will vary across plants if each plant requires
different control equi prment, or if productivity losses differ. GCeteris
paribus, a plant w th higher conpliance costs is less likely to be brought
into conpliance than one with | oner costs.

Therefore, the firms conpliance deci si on depends on expect ed enf or cenent,
on the probability of the plant closing, and on the amount of expenditure that

woul d be necessary to bring the plant into full conpliance.

III. Econonetric Specification

V¢ have devel oped a systemwith three endogenous variabl es: EPA
enforcenent at a plant, the owning firms decision whether to close the plant,
and the firms decision whether to bring the plant into conpliance. These

decisions are linked in our nodel for three reasons. First, enforcenent at a
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pl ant depends on the probability that its owning firmw Il close the plant,
and on the probability that it will bring the plant into conpliance. Second,
the probability of a plant being closed depends on the expected |evel of
enforcenent and on the ease with which the plant can be brought into
conpliance. Third, conpliance depends on whether the plant is likely to be
closed and on the expected enforcenment faced by the plant.

W estimate the systemusing a two-stage, instrunmental variables nethod,
instead of a nore efficient full-information, maxi numlikelihood estinator,
because the enforcement equation has a continuous dependent variable and is
estimated with panel data, while the other two equations have di chot onous
dependent variables and are estimated with cross-section data. W use the
first-stage equations to generate predicted values for each decision, and then
use the predicted values as instruments in the second-stage (structural)
equations. In the first-stage estimtions, the plant closing and conpliance
probabilities are estimted using logit nodel s, while an ordinary regression
model is used for the enforcement decision. Al equations include a nunmber of
variables that are fixed for each plant: its location, product mx, size, the
age of its capital in 1976, the ambunt of emi ssions it produces, and the cost
of bringing the plant into full conpliance. Al equations also include the
plant's enploynment relative to the size of its l|ocal |abor market, which is
measured i n 1976 for the cross-sectional equations, and annually for the
panel . The enforcenent equation al so includes year dummies and | oca
unenpl oynment rates. 11

Two final adjustments are required to generate a full set of instrunents
for the second-stage equations. First, conpliance data were unavai | abl e for

four plants. W estimate the first-stage conpliance equation using the 45
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pl ants for which we have conpliance data, and use those coefficients to
generate predicted conpliance for all 49 plants.

Second, when a firmdecides to close a plant, no nore enforcenent is
directed toward that plant, potentially skew ng the enforcenent neasure in the
pl ant-cl osing and conpliance equations. Al so, the information about
enforcenent over tine must be conpressed into a single nunber for the
cross-section estimtions. W use the estimated enforcenent equation to
predict the | og of enforcement in all years for every plant, including those
that cl osed during the sanple period, and use the sumof the predicted | ogs of
enf or cenent .

The first-stage estimations, and the additional adjustments, yield the
instrunents: PCLOSE, the predicted probability of closing; PCOWLY, the
predi cted probability of conpliance; and PLENFSUM, the sum of the predicted

l ogs of enforcenent activity. W now discuss the structural equations in

whi ch these vari abl es are used

Enf or cement

W use the follow ng specification for the enforcenent equation

(1) LENFy . = f (LEMITy, ATTAIN,, PCOMPLY;, PCLOSE;, LRELEMP; ¢, CNTYU; ¢,

COMPCAP;, YEAR dummies, STATE dunmies),

where i indexes plants and t indexes time. The dependent variable, LENF, is

the I og of the number of enforcement actions directed toward the plant each

year by agencies regulating air poIIution.12
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V¢ have three neasures of the benefits fromenforcement. LEMT is the |og
of the tons of pollutants enmitted by a plant, reflecting the potenti al
benefits fromenforcement at the plant. ATTAIN is a dummy variable indicating
that the plant is located in an area that has already met its air-quality
standards; it controls for the | ower marginal social benefit of reducing
pollution in such areas. PCOVPLY, the predicted probability that the plant
will be in conpliance, indicates whether further enforcenent is likely to
i nduce additional conpliance. W expect the coefficient on LEMIT to be
positive, with the other two negative.

We use four variables to measure the cost of the conpliance that
enforcement is designed to produce. Three variables nodel the potential |oca
adj ustnent costs that are the focus of this paper: PCLOSE is the predicted
probability that the plant will close sonetime during the sanple period,

i ndi cating whether the plant is "near the borderline" of being cl osed; LRELEMP
is the log of the ratio of enployment at the plant to enployment in the |oca

| abor market; and CNTYU, the local area unenploynent rate, captures the
difficulty that |aid-off workers mght have in finding their next job. W add
a fourth variable, COMPCAP, the cost (per ton of capacity) of bringing the
plant into full conpliance, to control for the conpliance costs paid directly
by the firm Al four variables are expected to have negative coefficients.

Finally, the enforcement effort directed toward a particul ar plant depends
on the total amobunt of enforcenent being carried out (or at |east being
recorded) during each year in each state.l3 Equation (1) controls for
variation in regulation over time and across states with YEAR and STATE
dummies. But, with data on only 45 plants in 15 states, the state dunmies

could greatly reduce the explanatory power of the other plant-specific
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variables. As an alternative, we re-estimte equation (1),.replacing the
STATE dumm es with a single variable, LSTATEAV, which measures the total
enforcenent done in a state during a year. This has the advantage of picking
up changes in enforcenent within each state over tine as well as controlling

for variation across states.

Plant O osing

To estimate the probability that a plant will close, we start with the
nmodel of steel conpany plant-closing decisions fromDeily (1988), in which the
expected net revenue of a steel plant depends solely on its individual
characteristics.l®* e augment this nodel with a nore detail ed consideration

of the regul atory environment, using the follow ng specification:

(2) CLOSE; = £(COAST;, SHAPES;, LCAPNEW;, LCAP;, COMPCAP;, PLENFSUM,

PCOMPLY; ),

where i indexes plants. The dependent variable, CLCSE, is dichotonous,
equal l'ing one for those plants that closed by the end of 1987, and zero for
t hose that remai ned open.

The first two variables are proxies for a plant's expected | ong-run
revenues, based on the conpetition faced by the plant. COAST is a dummy
variable indicating plants that are |ocated on the coast, facing nore inport
conpetition. SHAPES neasures the percent of a plant's product m x conprised
of products also made by mininmlls, another source of conpetition. The

coefficients of both variables should be positive.
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The variabl e LCAPNEW the percentage of a plant's capacity that is new,
controls for variation anong plants in age of capital stock. LCAP, the annua
steel producing capacity of the plant, controls for scal e economes in stee
production. The coefficients of both variabl es shoul d be negati ve.

The final three variables are related to the costs the plant will face in
conplying with EPA regul ations. QOOWPCAP, the cost of fully conplying wth
pol lution regul ations, controls for variation in potential expenditures for
pol lution control. PLENFSUM, the sumof predicted | ogs of enforcenent for the
pl ant, measures the pressure to conply that the plant is expected to face.
POOWMPLY is the predicted probability of the plant being in conpliance. The
coefficient on POOMPLY shoul d be negati ve, whil e GOMPCAP and PLENFSUM shoul d

have positive coefficients.

Compliance

The third equation is the firms decision about whether to bring a plant

into conpliance, and is specified as fol | ows:

(3) COMPLY; = f(PLENFSUM;, PCLOSE;, COMPCAP;, LCAP;).

The dependent variabl e, COMPLY, is a dummy neasuring whet her the pl ant has
been brought into full conpliance.

PLENFSUM the sumof expected enforcenment activity directed toward the
pl ant during the sanpl e period, indicates the pressures on the plant to
conply. PCLRSE, the prediccad probability thac the plant will close, reflects
the willingness of the firmto invest in cowpliance zc the plant. QOMPCAP is

included co caprure the cost or coming inco compliance. Finally, LCAP, the
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capacity of a plant, is included to control for any scal e economes in
pol lution control that may exist. The coefficients of PLENFSUM and LCAP are

expected t0 be positive, while the others should be negati ve.

V. Data

The basi c cross-secti on sanpl e consi sts of 49 steel naki ng pl ants owned by
the integrated producers listed by the Institute for Iron and Steel Studies
(1SS, 1977y, plus the Portsmouth, Chio, plant of Cycl ops.15 In this section,
we first describe the data used for the three endogenous vari abl es, and t hen
the data used for the ten exogenous vari abl es.

Data on plant-l evel enforcenent activity comes fromthe EPA’s Conpliance
Data System(@d. 16 The EPA uses the CDS to track enforcenent actions and
conpl i ance status for naj or sources of pollution. 17 The cDS data incl ude all
enforcement actions directed toward the plant, and the number of actions
directed toward the plant during a particular year is the principle neasure of
enforcenment activity.18

W used two versions of the CDS as sources, one fromearly 1983 and the
other fromearly 1987. The earlier data set is needed because plants are
sonetimes renoved fromthe COS after they cl ose; several plants woul d have had
to be dropped fromthe sample if only the later COS data had been used. O
the 49 plants in the sanple, only three are not found on either data set (two
were closed in 1976, the other in 1978).

W al so used the CDS data to devel op the conpliance measure, since each
(DS contains a history of the conpliance status of the plant over the previous
eight quarters. Unfortunately for our purposes, we do not observe a

wel | -defi ned, permanent decision to conply. Plants can come into conpliance
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either by cutting em ssions or by agreeing to a plan to cut emissions in the
future. This leads to substantial novement in and out of conpliance each
quarter, as plants fail to neet previous conpliance agreenents and renegotiate
new ones. W take the earliest year of conpliance data available, 1981, and
consider a plant to be out of conpliance if it was out of conpliance for two
or nore quarters of that year.19 Inall, 16 of 45 plants, representing 36
percent of the sanple, were in conpliance in 1981.

W defined a plant as "closed" when its steel maki ng furnaces were shut
down. In addition, three plants that experienced capacity reductions of over
65 percent were also included as closed plants. In all, 21 plants,
representing 43 percent of the sanple, closed during the period.

Necessary data for the exogenous variables include information about a
plant's em ssions, whether it is located in an attainment area, the cost of
bringing it into conpliance, the average | evel of enforcement in the state
where the plant is |ocated, plant enploynent relative to |ocal enployment,
| ocal unenploynent, plant |ocation, product mx, size, and the age of its
capital stock. W discuss the data used in that order.

The National Emi ssions Data System(NEDS) is used by the EPA to track
pol l utant em ssions by major stationary sources of air pollution. As with the
CDS data, we use two versions of the NEDS, the end-of-year tapes from 1981 and
1985, so that information on those plants that were taken off the system
bef ore 1985 because of closing would be included. Again, all but three plants
in the sanple are on at |east one of the NEDS data sets (the missing plants
closed in 1976, 1978 and 1979).

The two NEDS data sets include the amount of a plant's em ssions of five

maj or pol lutants, three of which were regularly present for steel plants
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(particul ates, sulfur dioxide, and nitrogen oxides). The CDS data sets al so
contain em ssions data on these pollutants, giving us up to four possible
measures of plant-level em ssions for each pollutant.

Three or four em ssion values for each pollutant were available for nost
plants. Since these values varied substantially across the four data sets, we
sel ected the median of the avail able values for each pollutant, which gave us
three neasures of emissions at each plant. The three different pollutants had
simlar magnitudes. Consequently, for want of a better way of conbining them
we summed up the three values to get a single measure of the pollution
generated by the plant. 20

The 1986 CDS indicates whether a plant is in an air quality control region
that is attaining its standards for each of the najor air pollutants. Because,
according to the database, these standards are rarely achieved, we say that a
plant is located in an "attainment" area if the area is attaining the
standards for any of the three major pollutants. Even so, only seven plants
were |located in an attai nment area.

The cost of full conpliance is calculated for each plant using estimtes
in Tenple, Barker and Sl oane (1982) of the total cost to the industry of
bringi ng each nmaj or piece of equipment into full conpliance by 1984, 21 For
each type of equi pnent, we took the total expected capital cost through 1985,
and divided it by the gross capacity expected to exist in 1985 to get a
cost-per-unit annual capacity.

Next, we collected data on the actual equipnent in each plant, circa 1976,
and its capacity (as near to 1976 as was possible to obtain). The cost of
full conpliance for a plant was then cal cul ated as the cost per ton of

capacity times annual capacity, sunmed over the different pieces of equi pment
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in each plant, to get a figure of the required expenditure in millions of 1980
dollars. This last figure was then divided by plant capacity in 1976 to get
compliance cost per ton of plant capacity.

Average state-level enforcement rates were calculated from the S data as
the total number of enforcement actions in the state, minus the number of
enforcement actions directed toward the particular plant, divided by the
number of all other plants on the CDS for that state.

Information on the local labor market comes from the Bureau of Labor
Statistics publication, Employment and Unemployment in States and L ocal Areas,
in annual editions from 1976-1986. Labor market tightness is measured by the
unemployment rate in the county where the plant is located. 22 The size of the
local labor market is measured by the number of people employed in the county.

Employment at the plant is taken from the 1975-1976, 1979-1980 and
1981-1982 issues of Marketine Economics. Kev Plants. The numbers in an issue
were assumed to refer to the first year of the issue (i.e., 1975, 1979 and
1981), and the remaining years of the sample were interpolated, with the 1981
value used for 1981-86.

Plants located on or near the East, West or Gulf coasts have a value of
one for the dnmy variable COAST; all others have a value of zero. The
variable, HAFES is the percentage of hot-rolled capacity for producing
plates, structural shapes and pilings, or hot-rolled bars and bar shapes. The
hot-rolling capacity data is from the early 1960s, the last time that detailed
product data were published. A plant's size is its annual raw-steel capacity
in 1976 (11SS, 1977; 11SS, 1979).

The percentage of new (post-1959) capacity in each of four major

departments (coke-making, blast furnace, steel furnace, and primary
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rolling/continuous casting) was cal cul ated, and the sum was divided by the

nunber of these departnents the plant operated. Thus, the figure is the

percent of the plant that is "new," adjusted for the number of departnents

within the plant and for the amount of replacement within a department.
Table 1 presents the means and variances of the data used for each

i ndependent variable, for the three dependent variables of the first-stage

estimations, and for the three instrunents PCLOSE, PCOVPLY, and PLENFSUM.

V. Results

The results of the first-stage estimations are shown in Table 2. The
enf orcement equati on does well, with several significant variables explaining
over 45 percent of the variance in(the log of) enforcenent actions. The
pl ant-cl osi ng equation also does well, with several variables contributing to
correctly predict 82 percent of the plant-closing decisions. The conpliance
equation is disappointing, however, with no significant coefficients and
little explanatory power. This is probably because of the problens with
consistently neasuring conpliance described earlier.

The second-stage equations are presented in tables 3 and 4. |n general
the interactions between the decisions are as expected, although sone of the
exogenous vari abl es offer significant surprises. W first discuss the
enforcenent equation estinmations reported in table 3. The estimation in
colum 1 includes 14 state dunmies to control for variation in state-leve
regul atory behavior, while the estinmation in colum 2 replaces the dunmi es
with the variabl e LSTATEAV. The estimations are quite simlar, but we prefer
the nore parsinmonious nodel 2, and refer to its results in the follow ng

di scussi on.
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Turning to the main thesis of the paper, we find evidence that enforcenent
behavi or is indeed influenced by potential adjustment costs to |ocal
communities. The coefficient of PCLOSE is negative and significant;
enforcement activity drops by 5 percent for each 10-percentage-point increase
inthe probability of closing. Further, the coefficient of the variable
LRELEMP is al so negative and significant, indicating that a 10 percent
increase in enployment size relative to the community work force decreases
enforcenent actions by 2.2 percent.

The sign of the third variable included to capture variation in potentia
adj ust nent costs, CNTYU, has an estimated coefficient that is positive and
significant. This indicates that plants in countries wth high unenpl oynent
receive nore enforcement actions, rather than | ess as we expected. W
investigate this result further by adding an interaction term PCLOSE*CNTYU,
to the enforcement equation, and re-estimating (colum 3. The coefficient on
the interacted termis negative and significant, while the coefficient of
PCLOSE becones positive and significant, indicating that the plant-closing
effects on enforcenent decisions are concentrated in counties with high
unenpl oynent .

Regul ators seemto be "skewing" their enforcement nore in these counties
than in other areas, with greater enforcement on average, but nuch less for
the plants that are in danger of closing. Specifically, increases in county
unenpl oynent ' reduce enforcement activity when the probability of a plant's
cl osing exceeds 89 percent. Stated differently, increases in the probability
of cl osing reduce enforcenent activity only when county unenpl oynment exceeds

7.2 percent.
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There are several possible explanations for this result. |f areas with a
high rate of unenploynment are also high popul ation areas, then the public-good
nature of air pollution control may increase the benefits from reducing
emi ssions in such areas relative to |less populous locations. In addition, it
is likely that nore variation in pollution levels exists than we control for
with the variable ATTAIN. |f areas of high unenpl oyment are also the nost
polluted areas (e.g., the "rust belt"), then again the benefits of pollution
reduction woul d be greater relative to other areas. 23

The ot her variables in the enforcement equation hold few surprises. Of
the variabl es that proxy expected benefits of enforcement, the coefficient on
LEMIT is positive and always significant, indicating that a plant producing 10
percent nore em ssions will receive 2.1 percent nore enforcement activity.

The coefficients of ATTAIN and PCOWLY are negative as expected, but not
significant. COMPCAP's negative coefficients, though insignificant, support
the perception that regulators pay little attention to abatenment costs.
LSTATEAV's coefficient is significant and close to one, indicating it neasures
overall shifts in enforcement affecting all plants proportionally.

Estimation results for the plant-closing equation, presented in colum 1
on table 4, reveal that firms are nore likely to close plants that are
expected to face nore enforcenent in the future: the estimated coefficient on
PLENFSUM which is positive and significant, indicates that a 10 percent
increase in the enforcement index increases the probability of closing by 4.3
percentage points. Thus, regulatory activity does seemto affect which plants
are cl osed.

The coefficient on the variable PCOWLY is al so negative, suggesting that

plants that are nmore likely to be in conpliance are also less likely to close,
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but it is not significant. The estimted coefficients on the exogenous
variables indicate that small coastal plants With ol der capital are
significantly nore likely to close. The negative coefficient on conpliance
costs is surprising, but not significant.24

The second-stage conpliance equation, like the first-stage one, explains
very little about conpliance. Virtually all of the signs are the opposite of

what was expected, and none of the coefficients are significant.

M. Conclusions and Future Work

The evidence presented here indicates that air-pollution regulators did
allocate their enforcement activity as if they wanted to reduce |oca
adj ustment costs. Plants with a higher probability of closing experienced
| ess enforcenment pressure. This result was concentrated on plants |ocated in
counties with unenpl oyment rates exceeding 7.2 percent. Further, plants that
were maj or enployers in their |ocal |abor market al so encountered |ess
enforcement activity.

Qur results al so show that conpany plant-closing decisions during this
period of drastic industry decline were influenced by the enforcenent activity
of regulators. Plants predicted to face nore enforcenent were nore likely to
close. This suggests that regulatory enforcement did inpose costs on the
pl ants invol ved.

This pattern of enforcenent, with stronger plants bearing nore of the
costs, reinforces previous work indicating that the regul atory burden has been
heavi er in faster-growi ng, high-enploynment regions. Thus, regulatory agencies

appear to be sensitive to the "ability to pay" of those they.fegulate.
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Qur results throw little light on conpany conpliance deci si ons, possibly
because of the difficulties involved in nmeasuring conpliance. For this
reason, our future research will include consideration of CBHA enfor cenent
deci si ons, where there are better conpliance neasures and nore clearly
i dentified enforcenent actions.

Future research will include examnation of a firms responses to
regul atory activity on a conpany-w de basis, so that we may expl ore such
guestions as whether simlar firns make sim/lar conpliance deci si ons, whet her
a single firmmakes simlar conpliance decisions for all its plants and for
di fferent enforcenent agencies, and whet her conpli ance deci sions are rel at ed
to the econonic health of the firm Insight into these matters will ada to
our understandi ng of the conpl ex rel ationshi p between regulatory and firm

deci si on-naki ng processes.
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Foot not es

1. Exam nati on of the EPA’s technol ogy-based regul ati ons, which require
firms to install particular types of equiprment, indicates that these

regul ations can be very inefficient (see Gollup and Roberts [1985], and the
citations listed there). The EPA has responded with some linited attenpts at
more efficient control nethodol ogi es.

2. Legi sl ators appear to respond to these potential costs in the way they
frame regul ations(for instance, Crandal |, 1983).

3. W use EPA in this paper to refer to both the individual state pollution
agenci es and the federal agency. Mich of the enforcenent is actually done by
the state agenci es, under federal EPA supervi sion.

4. Bartel and Thomas (1985) nodel the interaction between OSHA regul atory
activity and firmbehavior with a three-quarter systemof injury rates,

I nspections, and conpliance; they find sone evidence that these three
decisions are inter-related. See also Gay and Jones (1988) for evidence that
repeat ed CBHA i nspections of the sane plant find fewer violations on |ater

I nspections; Viscusi (1986) and Gay and Scholz (1989) for evidence that OSHA
I nspections lead to a reduction in injuries; and Gay (1986) for evidence that
bot h OSHA and EPA enf orcement actions were directed toward industries with
more probl ens (higher injury rates or nore emssions).

5. The steel industry can be roughly split into two categories: integrated
firms and minimill firnms. Unless otherw se stated, all references to the
steel industry are references to the integrated firns.

6. "The iron and steel industry ... may be responsible for as nuch as 10
percent of all particulate air emssions..."” Congressional Budget Ofice,
1987, p. 43.

1. See Orandal | (1983), and Gollup and Roberts (1985), and references cited
therein. See also Gay (1986, 1987) for evidence that industries facing a | ot
of enforcenent actions tended to have | ower productivity grow h.

8.  "Wen Bethl ehem Steel decided to shut its Lackawanna, N. Y., plant, idling
7, 300, Lackawanna aut horities began planning |ayoffs of fire and police and

ot her governnent workers: half the municipal budget came from Bethl ehem's $6
mllionin taxes." David Nyhan, "Oisis in Steel and for a Wy of Life,"
Boston 4 obe, page 1 and ff., 1/30/83.

9. In addition to considering |ocal adjustnent costs, regul ators m ght
avoi d enforcenment at a plant that was going to close(a) to avoid bad
publicity if it appeared that the enforcenent contributed to the plant
closing, or (b) because they mght decide that forcing a firmto spend
mllions on pollution control at a plant that will soon close is sensel ess
(and perhaps inpossible).
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10. QG her things being equal, a plant with an ol der capital stock is nore
likely to be closed than a plant with a newer capital stock sinply because
maj or reinvestnent decisions should arise in the former first (Stigler, 1966)
This effect will be exaggerated, of course, if newer capital is nmore
efficient.

11. The area unenpl oynment rate is not included in the other two equations
because it varies substantially during the sanple(so the 1976 val ue woul d not
pi ck up cross-sectional differences) and may be affected if the plant is

cl osed during the period(so the average unenpl oynent during the sanpl e m ght
not be exogenous).

12. Al variables with names beginning with L are neasured in | ogs.

13. The anmount of enforcenent carried out varies fromyear to year, as
enf or cement budgets change, fromstate to state, due to differing state
~ policies, and within states over tinme, as state policies evolve.

14. See Deily (1988) for a detailed descriptionof the nodel, and for
evidence that firmcharacteristics, such as size or extent of diversification,
played little or no role in determning which plants closed in this industry.

15. P ants produci ng mainly specialty steels are excl uded, as are snal |
el ectric-arc-based pl ants.

16. Al of the EPA data sets that we use have the plant as the unit of
observation, and identify the name, street address, city, county, state, and
industry of the plant. W used this information to find the records bel ongi ng
to plants in our sanple.

17. Al plants in the sanple would qualify for entry into CDS "d ass Al"
sources, emtting over 100 tons of pollutants per year

18. For the estimations reported in this paper, we treated all reported
enforcenent actions equally. W did, however, attenpt to identify "serious"
enforcenent actions, based on the brief descriptionof the action provided in
the COS. These actions included i nspections, notices of violation, en ssions
tests, penalties, and enforcenent orders, and they nade up 48. 7 percent of the
actions in the sanple(4,539 of 9,316 actions). The results using only
"serious" actions are simlar to those using all actions.

19. The tapes al so have data for the years 1982, 1985 and 1986, giving us a
total of four possible years on which to base our neasure of conpliance. W
chose to use the earlier 1981 data because by 1985-1986 several of the plants
are "in conpliance" solely by virtue of being conpletely shut down.

20. There were two plants for which no emssions data were avail able. They
were given the predicted value froma regression of log(total em ssions) on
log(capacity), log(employment), log(new capital) and EARC(a dummy for

el ectric-arc furnaces, which produce nuch less pollution). The R2 of this
regression(for the other 47 plants) is .62.
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21. This variable is created using the investnent-per-toncapacity required
to bring each particular plant into conpliance; the costs of operating the
equi pnent are not included. The two figures are highly correl ated, however.

22. W use county rather that SMSA neasures because, while all plants are in
a county, not all are in an SMsSA

23. Perhaps the concentration of steel plants in a few hi gh-unenpl oynent
states is part of the answer, but note that including state dunm es or state
unenpl oynent rates does not affect the result.

24. Firms may be avoi ding part of these costs by buying coke instead of
producing it in their own coke ovens, which represent a major portion of
pol lution control expenditures. Inports of coke have increased during the
1980s.



VARI ABLE

ATTAIN

CNTYU

COAST

COMPCAP

LCAP

LCAPNEW

LEM T

LRELEMP

| LSTATEAV

| PCLOSE*CNTYU

SHAPES

CLOSE

COVPLY

LENF

Means and Standard Devi ations

Enf or cenent

(N=412)

0.17
(0.38)

8.92
(3.50)

0.11
(0.31)

26.04
(8.55)

1.05
(0.59)

3.49
(0.98)

9.00
(1.19)

-3.55
(1.67)

.59
(0.31)

2.87
(2.68)

0.32
(0.32)

2.05
(1.34)
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Table 1

Pl ant - Cl 0si ng
(N=49)

0.36
(0.34)

0.43
(0.50)
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Compliance
(N=45)

0.13
(0.34)

25.20
(8.61)

0.96
(0.70)

3.40
(L.1D

8.91
(1.21)

-3.67
(1.79)

0.37
(0.35)

0.38
(0.49)

0.36
(0.48)
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Table 1 (Cont'd)
Means and St andard Devi ati ons

0.34 -- 0.41
(0.29) (0.33)
0.33 0.37 --
(0.18) (0.20)
-- 22.84 23.09
(5.92) (6.05)

cal cul ati ons.



DEPENDENT VAR ABLE:

| NTERCEPT

COAST

SHAPES

LCAP

LCAPNEW

CNTYU

ATTAIN

LEM T

LRELEMP

COMPCAP

ADJUSTED R- SQUARED:
F-STATI STI C:

LL:

CORRECT PREDI CTI ONS:
N:

8standard errors are in parentheses.

Table 2

First Stage Estinmations?

LENFP

-1.57%
(0.75)

-0.12
(0.19)

0.27
(0.18)

0.53*
(0.12)

0.15%*
(0.06)

0.17%
(0.02)

-0.14
(0.15)

0.13%*%
(0.07)

-0.14%
(0.04)

0.004
(0.007)

0.43
17.07

412

CLOSE

-6.06
(5.49)

0.94
(1.20)

2.68%%
(1.37)

-2.54%
(1.12)

-0.49
(0.32)

1.11%+
(0.65)

-0.27
(0.28)

-0.09
(0.05)

-21.70
82%
49

Estimated equation included 10-year dumm es.

*Significant at the 5 percent |evel.

**Significant at the 10 percent |evel.

Sour ce:

Aut hors' cal cul ati ons.
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COMPLY

3.49
(4.43)

1.65
(1.12)

-0.12
(1.05)

-0.31
(0.78)

-0.20
(0.31)

-0.52
(0.51)

-0.12
(0.25)

0.03
(0.05)

-25.50
69%
45
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DEPENDENT VAR ABLE: LENE

| NTERCEPT

PCLOSE

LRELEMP

CNTYU

PCLOSE*CNTYU

LEMIT

ATTAIN

PCOWPLY

COMPCAP

LSTATEAV

ADJ R-SQ:
F- STAT:
N:

4standard errors are in parentheses.

(1)P

-1.90%*
(1.00)

-0.73*%
(0.32)

-0.14%*
(0.06)

0.13%
(0.03)

0. 46
12. 14
412

Table 3

(2)¢

-1.68%
(0.74)

-0.51*%
(0.24)

-0.22%
(0.05)

0.15%
(0.02)

0.21%*
(0.07)

-0.17
(0.15)

-0.89
(0.58)

-0.0002
(0.01)

1.03%
(0.25)

0.42
17.63
412
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Second Stage Estimations?
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(3)¢

-2.

00*

(0.73)

.02%
.59)

.20%
.04)

.25%
.03)

.28%
.06)

7%
.07)

.19
.15)

.18%
.57)

.01
.01)

.78%
.25)

.45
A7

412

Estimated equation included 10-year dummies and 14 state dunm es.
CEstimated equation included 10-year dunmies.

*Signi ficant
**Si gni ficant

Source: Authors’ cal cul ati ons.

at the 5 percent |evel
at the 10 percent [evel
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Table 4

Second Stage Estimations:

DEPENDENT VARIABLE:

| NTERCEPT
PLENFSUM
PCOWPLY
PCLOSE
COAST
SHAPES
LCAP
LCAPNEW
COVPCAP
LEMIT

LL:

CORRECT PREDI CTI ON:
N:

CLOSE

.89
(3.

0.

(0

-5

62)

43%

.17)

.70
(4.

58)

.76%
.45)

LT4*
.62)

-5.
(1.

-1.
(0.

-0

70%
94)

19%
45)

.07
(0.

05)

-18. 29

88%

49

4Standard errors are in parentheses.

*Significant at the 5 percent |evel
**Significant at the 10 percent |evel

Source: Authors' cal cul ations.

pl ant-cl osing and conpliance?
COWPLY

-0.56
(2.29)

0.14
(0.09)

Best available copy
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