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ABSTRACT. This paper examines the relation-
ship between environmental regulations and the
location decisions of hazardous waste manage-
ment firms. This industry provides a powerful
test of the effect of state environmental regula-
tions on location because environmental regula-
tions significantly affect the cost of providing
waste management. The resulis indicate that state
spending on environmental programs can deter
firms, as does potentiol public opposition. Spend-
ing affects the implementation and enforcement of
regulations and thus is very important in firms’
location choices. Hazardous waste managemens
firms do nor appear to be deterred by the strin-
gency of regulations, but instead are attracited to
more comprefensive policies. (JEL H73, R38,
Q2Z8)

E INTRODUCTION

There is a general feeling among many
policymakers and legisiators that strict envi-
ronmental regulations are driving indusiries
out of some states and into others. In Califor-
nia, for example, many people believe that
the state’s uniquely high environmental stan-
dards have driven & number of facilities to
locate in neighboring Nevada.! Others have
expressed concern that in a bid to attract
waste-generating firms, staies will adjust
their own regulations downward in a ‘‘race
to the bottom,”” the federally mandated mini-
mum level of regulation.” However, to date
there is no empirical evidence showing that
environmental regulations have a significant
impact on a firm’s location decision. On the
contrary, past studies of the location deci-
sions of manufacturing firms have found that
environmental regulations are relatively
unimportant in a firm’s location decision
process.

One explanation for this result is that the
cost differentials associated with differences

in state environmental regulations are small
relative to the differentials associated with
variations in the proximity to markets and
input prices. A second explanation could be
the difficulty in measuring the effect of
environmental regulations for a sample of
heterogeneous firms which are subject i
different regulations depending on the na-
ture of their manufacturing processes. The
harzardous waste management indostry
should provide a powerful test of the ef-
fect of state environmental regulations on
entry and location decisions because these
two factors will be minimized. First, envircn-
mental regulations significantly affect the
cost of providing hazardous waste manage-
ment services. Second, although environ-
mental regulations will affect hazardous
waste management facilities differently de-
pending on the types of waste managed and
waste management systems, this induastry is
much more homogenous than the manufac-
taring sector. If environmental regulations do
not affect the location decisions of firms in
this industry, they are unlikely to affect the
location decisions of firms in other indas-
tries.

This paper uses data from the U.S. Envi-
ronmental Protection Agency on the location
of hazardous waste management firms and
fits a conditional logit model to identify the
facrors influencing the location decisions of
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% See Goetze and Rowland {1985).
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commercial hazardous waste management
facilities. 1 find that several different mes-
sures of environmental regulation can ex-
plain some of the differences in the state
location choice of hazardous waste manage-
ment facilities. Although some traditional
factors such as the level of manufactoring ac-
tivity and energy costs appear to be more im-
portant factors than environmental regula-
tions in the location decision, environmental
potlicy variables have a larger effect on loca-
tions decisions than wages or taxes. In partic-
vlar, state spending on the implementation
and enforcement of environmental programs
appears to be a relatively significant deterrent
to firms, as is citizen participation in environ-
mental organizations.

The remainder of the paper is organized
as follows. Section 2 reviews the related lit-
erature and existing evidence on the effect
of environmental regulations on location
choice. Section 3 provides a brief back-
ground on hazardous waste regulations and
the hazardous waste managemeni industry.
Section 4 describes the medel of location de-
cisions and Section 5 discusses the data used
in the analysis. Section & presents the results
of the analysis and Section 7 provides scme
conclusions.

EL. RELATED LITERATURE AND
EXISTING EVIDENCE

The lterature on firm location choice ana-
Iyzes the nature, magnitude, and direction of
industry response to differcntial socioeco-
nomic conditions across space. Studies in
this area examine both the spatial determi-
nants of industry location and the effect of
public policy on the location decision. Much
of the initial analysis of this problem used
aggregate data on the levels of industrial ac-
tivity such as employment growth or invest-
ment fevels to examine the determinants of
location decisions.” However, studies using
aggregated data are limited because they
often cannot distinguish between changes
caused by new firm openings, new plant
openings, or firm expansions. Studies that
look at individual establishment data can dis-
tinguish between these types of changes and
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can examine more closely the determinants
of these various occurrences.

Carlton {1979) conducted one of the first
studies to use establishment level data to ana-
iyze location choice and established the con-
ditional logit mode! as a standard method for
analyzing iocation decisions.® Since then a
aumber of papers have looked at firm loca-
tion decisions. Although the papers differ in
terms of the industries analyzed, the loca-
tions examined (states, counties, etc.), and
the independent variables used in the analy-
sis, the consensus appears to be that if state
and local policies such as taxes and expendi-
tare levels have any effect on the location
choice of firms, such effects are relatively
small compared to other factors such as
wages and the size of the market.

Only a few papers have analyzed the ef-
fect of envirorumental variables on location
decisions.” Bartik (1988) analyzes the effects
of state environmental regulation on new
manufacturing branch plants of Fortune 500
companies during 1972 to 1978, The author
models environmental reguiation using sev-
eral alternative variables inchuding two mea-
sures of water poliution regulations and four
measures of air poliution regulations, but
does not find any statisticaily significant rela-
tionship between environmental regulations
and business locations. Levinson (1996) ex-
plores the reiationship between environmen-
tal regulations and state location choice using
data from the Census of Manufactures on es-
tablishments opened between 1982 and 1987,
Levinson uses a variety of measures of envi-
ronmental stringency, including qualitative
indices of siate environmental regulations,
measures of state employees in environmen-

? Wasylenko (1991) provides a survey of this litera-
ture.

* Some papers use a multinomial logit model that is
very similar to the conditional logit model. The condi-
tional logit model only allows for differences in the
characteristics of the locations being considered, while
the multinomial logit allows for variation across both
firms and locations.

3 A few papers (Friedman, Gerlowski, and Silber-
man 1992, for example) include envircnmental vari-
ables in their analysis of the location decisions of for-
cign direct investment in the United States. However,
these papers do not focus on the effect of environmensal
regulations on the location decision.
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tal agencies, and aggregate and indusiry-
specific abatement costs.® He finds that
branch plants of large firms are deterred by
more stringent environmental regulations, al-
though the degree of aversion is relatively
small. In general, the various environmental
measuares analyzed have the expected nega-
tive coefficients, although only one of the
three qualitative indices and the induastry
abatement costs measure are statistically sig-
nificant.” Levinson does not find that the de-
gree of aversion is correlated with the pollu-
tion-intensiveness of the industry.

McCormell and Schwab (1990) use Dun
and Bradstreet data from 1973 through {982
to look at the location decisions for new
branch plants in the motor vehicle assembly
industry. The authors look at a narrowly de-
fined industry so that they can develop an ac-
curate measure of the regional differences in
the stringency of environmental standards.
Because the key environmental issae for this
industry is volatile organic compound (VOC)
regulation, environmental stringency is mes-
sured by whether or not a county is in
compliance with federal ambient ozone stan-
dards. The authors assume that out-of-
compliance counties will enforce stricter
standards in an effort to comply, and thus the
costs of compliance will be greater in these
counties. The analysis, which alsc includes
state-wide measures of enviroamental regu-
lations, provides mixed results as to the ef-
fects of environmental regulations on the lo-
cation decision. In genersl, they find that
environmental regulations do not matter, al-
though they do find some evidence that frms
may be marginally deterred from locating in
areas with a particalarly severe ozone prob-
lem. In contrast, Becker and Henderson
{1997) examine piant births in 13 industries
that emit sigpificant levels of VOCs from
1963 to 1992 and find evidence that county
non-compliance with ozone standards can re-
duce expected plant births by as much as
4%, depending on the industry.

The measures of environmental regula-
tions used to study firm location choice vary
considerably across studies, as does the abil-
ity of such measures 10 explain firm location
choice. The measures that have had some
ability to explain location choice include
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qualitative measures of environmental strin-
gency and guantitative measures of abate-
ment cost. However, for the most part studies
have found that environmental regulations do
not affect the location decision of firms and,
except for Becker and Henderson, those that
have found a statistically significant relation-
ship between environmental regulations and
location choices have found that the effect is
relatively small.

A possible explanation for these results
may be endogeneity between envircnmenial
regulations and location decisions. One of
the reasons for examining the effect of envi-
ronmental regulations on location decisions
is the fact that policy makers and regalators
believe that environmental regulations do in-
fluence location decisions. If policy makers
belisve this influence exists, it is possible that
some environmental regulations have been
se: either to encourage or discourage new
facilities, and therefore it iy possibie that
there is an endogeneity between business lo-
cation and environmental regulations. Lester
et al. (1983) analyze the determinants of en-
vironmental regulations in the states and find
that the best predictors of state hazardous
waste regulations are ‘‘technological pres-
sures’” (that is, the severity of poliution prob-
fems within a state), legisiative professional-
ism, and the presence of a single agency to
coordinate hazardons waste programs. Alter-
native expianations for state environmental
policies include the wealth of the state, and
political affiliation of the state’s legislature
{Lester 1994). However, no studies suggest
that the presence of hazardons waste man-
agement firms infiuenced the promulgation

*Levinson derives indusiry abatementi costs using
the Census of Manufactures and the Pollution Abate-
ment Cost and Expenditures Survey. He estimates how
much manofacturers in one state pay for poliution
abatement relative to manufacturers in other states, con-
troiling for the characteristics of the manufacturer in-
cluding its industry. The aggregate abatement cosis that
he uses do not control for the composition of industry
within a state, only the level of manufacturing in the
state.

“Levinson uses threc indices, the Conservaiion
Foundation’s 1983 Index, the Fund for Renewable En-
crgy and the Eavironment (FREE) 1987 Index, The
State of the Siates, and the [199F-1992 Green Index.
Only the FREE Index is significant.
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of hazardous waste regulations or that regu-
lations were passed to keep hazardous waste
management firms from locating in a state.®
Given the literature on hazardous waste pol-
icy and regulation, it does not appear that
states make environmental regulations to ei-
ther encourage or discourage firms in the
hazardous waste management industry and
thus there should not be a significant endoge-
neity problem in this analysis.’

HI. BACKGROUND ON THE
HAZARDQOUS WASTE
MANAGEMENT INDUSTRY

A harzardous waste is any solid waste or
combination of solid wastes which ‘‘because
of its quantity, concentration, or physical,
chemical, or infectious characteristics may
{a) cause, or significantly contribute o an in-
crease in mortality or an increase in serious
irreversible, or incapacitating reversible ili-
ness; or (b) pose a substantial present or po-
tential hazard to human heaith or the envi-
ronmeni when improperly treated, stored,
transported, or disposed of, or otherwise
managed.”’'® The first major law that spe-
cifically addressed the generation and man-
agement of hazardous waste was the
Resource Conservation and Recovery Act
(RCRA) passed in 1976. RCRA’s Subtitle C
delineated the basic structure of the hazard-
ous waste regulations and instructed EFPA to
establish criteria for identifying and listing
hazardous waste, develop standards applica-
ble to generators, transporters, and managers
of hazardous waste, and promulgate guide-
lines to assist states in developing their own
hazardous waste programs. RCRA also pro-
vided EPA with the ability to enforce the act
by allowing it to assess civil penaities upon
firmas that violate RCRA requirements.

Because of increased knowledge about
health and environmental impacts from
waste disposal, Congress amended RCRA in
1984 with the Hazardous and Solid Waste
Amendments (HSWA). HSW A expanded the
scope of RCRA by requiring EPA to develop
treatment standards for hazardous waste, de-
velop minimum technological requirements
for hazardous waste management units, and

evelop standards requiring cotrrective ac-
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tion 1o remediate contaminaticn at permit-
ted waste management facilities. Together
RCRA znd BSWA provided the mandate for
EPA’s hazardous waste program as it is codi-
fied in Title 40, Parts 260 through 270 of the
Code of Federal Regulations (CFR).

RCRA is just one piece of federal environ-
mental regulations. The Comprehensive En-
vironmental Response, Compensation, and
Liabitity Act (CERCLA) of 1980, commonly
referred to as Superfund, is the closest en-
vironmental statute to RCRA as both ad-
dress hazardous waste. CERCLA is response-
oriented and covers environmental damages
from hazardous wastes at inactive or aban-
doned sttes and hazardous waste resulting
from spills that require an emergency re-
sponse. RCRA, on the other hand, is focused
on the control of hazardous waste generated
by ongoing operations 8o that environmental
damage does not occur. Other statutes such
as the Clean Air Act, the Clean Water Act,
and the Safe Drinking Water Act comple-
ment RCRA by focusing on specific media.
Facilities are often regulated under both
RCRA and these media-specific statutes.

Although the federal government has es-
tablished a minimum Jlevel of hazardous
waste regulation, states can and do make ad-
ditional regulations concerning hazardous
waste management that are more stringent
than the federa! regulations.”’ Moreover, the
intent of RCRA is for states to assume pri-
mary responsibility for implementing hazard-
ous waste regulations (U1.5. EPA 1998), EPA
will authorize a state to run its own hazard-
ous waste program only if the state’s pro-

¥ Other studics examining the development of state
hazardous waste policy inciude Alberini and Austin
{1999) and Rinqguist (1993}.

® Although some states have passed legisiation to
discourage imports of hazardous waste (by imposing
taxes on hazardous waste imports), such legislation rep-
resents a very small part of environmental regulations.
The majority of environmental regulations are not de-
signed to atfect the location of hazardous waste man-
agement facilities.

Y42 11.5.C. 6901. (P.L. 94-580, 90 Stat. 2799.) EPA
codified the definition of hazardous waste in 40 CFR
Part 261.

Y For example, several states such as California and
Massachusetts have additional regulations on the re-
cycling of hazardous waste beyond the federal reguire-
ments.
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gram is at least as stringent as the federal
program and the state has demonstrated how
it will enforce the program, disseminate in-
formation to the public, and fund the pro-
gram’s operation.

Once hazardous waste is generated it must
be managed in accordance with RCRA regu-
lations. The term *‘hazardous waste manage-
ment’”’ includes collection, source separation,
storage, transportation, processing, treat-
ment, recovery, and disposal of hazardous
wastes.”” RCRA does not allow hazardous
waste to be stored indefinitely and ultimately
requires that the waste be treated either to re-
move the constituents that render it hazard-
ous or to immobilize the hazardous constit-
wents so that they will not be released (o the
environment. There are many different haz-
ardons waste treatmeni methods such as
combustion, biological treatment, chemical
precipitation, or metals recovery, and the
type of treatment required depends on the
characteristics of the waste.' After treatment,
the hazardous waste either must be disposed
in approved units such as landfills or injec-
tion wells or it may no longer be subject to
reguiation, depending on the type of waste
and the fevels of hazardous constituents re-
maining in the waste. Generators can choose
to treat and/or dispose their waste themselves
or they can send their waste off site for treat-
ment or disposal. Currently, the majority
{over 90%) of hazardous waste generated is
managed on site, although the majority of
hazardous waste generators send waste off
site to commercial hazardous wasie man-
agement facilities for treatment (Stafford
1998).14

The evolution of the hazardous waste
management industry is difficult to ¢race be-
cause prior to the 1980s there was no agcci-
rate estimate of the hazardous waste genera-
tion and management, as there was no
common understanding of what constituted a
hazardous waste.” In 1985, EPA began con-
ducting a biennial survey of hazardous waste
generation and management, the Biennial
Reporting System (BRS} and estimated gen-
eration to be arcund 250 million tons per
year.'" From 1985 to 1989, generation de-
creased by about 50 million tons to 200 mil-
lion tons. Then, in 1990, EPA expanded
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the definition of hazardous waste to include
additional wastes, increasing gereration in
1691 to close to 300 million tons per year.
From 1991, generaticn again began to de-
chine to zround 220 million in 1995, The de-
cline during these two periods can be
explained, at least partially, by increased in-
dustry efforts to nuinimize waste generation
due to the cost of managing hazardous waste.
The ecoromic recession of the early 1990s is
zlso responsible for some decreases in waste
generation.

The supply of hazardous waste manage-
ment services depends primarily on the de-
manc for such services and the cost of pro-
viding the services. Prior to the passage of
RCRA, there was little incentive for genera-
tors to manage their hazardous waste differ-
enily from their non-hazardous industrial
weste.”” EPA’s first survey of hazardous
waste management facilities was conducted
in 1581 and counted around 2,000 hazard-

242 U.S.C. 6901, (P.L. 94-580, 90 Stat. 2799).

¥ Most waste must be treated so that each hazardous
constituent in the waste is below a specified concentra-
tion level. However, for some wastes EPA has pre-
seribed specific treatment methods that rust be used.
The treatment requirements for hazardous waste are
coliectively referred to as the Land Disposal Restric-
tions (LDRs) because waste must meet the LDR stan-
dards prior to being placed in or on the land (40 CFR
Part 268).

“Over 9% of hazardous waste (measured by
weight) is generated by 50 generators who all manage
their waste on site. Of the waste sent off sife, & very
small percentage of waste is sent off site to ““captive”
as opposed to commercial facilities. Captive facilities
are facilities that treat waste generated at other sites, but
generated by the same firm that owns the management
facility.

* A more detailed description of the history of this
industry is provided in Stafford 1998.

*“EPA’s BRS cstimates suffer from coverage bias
in that they do not inclnde RCRA-regulated hazardous
waste that is managed in units cxempt from permitting
reguirements.

7 Although contaminated site Hability was an issue,
most generators did not realize that improperly disposed
wastc would require an expensive future clean up. It
was not until the passage of CERCLA (also known as
Superfund) in 1980 and HSWA in 1984 that parties re-
spousible for environmentally unsound waste disposal
could be required to clean up releases if the waste had
nat been disposed illegally. For the most part, genera-
tors only took spectal care in disposing wastes that
could cause immediate damage such as ignitable or ex-
plosive wastes.
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ous waste facilities.”® Beginning in 1985,
the BRS also began tracking hazardous
waste facilities, although these estimates of
the number of hazardous waste manage-
ment facilities only includes RCRA-permitted
facilities.”” According to the BRS, the num-
ber of permitted hazardous waste manage-
ment facilities hovered around 2,000 from
1981 to 1985, and after that there was a
steady decrease in facilities as the MTRs
and other design and operating standards
became effective. For the most part, this
decline in the number of facilities appears
to be primarily the closure of on-site facili-
ties, as the number of permitted off-site facil-
ities appears tc be relatively constant at
aground 500.

For the commercial off-site hazardous
waste management industry, the period from
1980 to 1990 when RCRA was being phased
in was marked by significant growth in in-
dustry revenues, much of this due to EPA-
mandated changes in waste management
technology. During this period, the largest
firms started to consolidate market share
within the industry by buying compstitors or
building new facilities. When growth rates
started to flatten in the early 199(s, firms
continued 1o consolidate and diversify
through acquisition in the hopes of sustaining
market share. Today in most sectors, a hand-
ful of large firms dominate, although smalier
privately owned facilities also remain via-
ble.?? Despite the fact that some sectors are
underutilized, there has not been not signifi-
cant closures of facilities, in part because exit
barriers such as cleanup lisbilities made exit
more expensive than remaining in the
industry.

IV. A CONDITIONAL LOGIT MODEL
OF INDUSTRY LOCATION
DECEISIONS

A comumercial hazardous waste manage-
ment firm is a firm that is paid to manage
hazardous waste generated by other firms.
This purpose of this study is to examine how
a commercial hazardous waste management
firm’s decision to locate a facility in 2 state
is influenced by the characteristics of that
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state, including the stringency of state envi-
ronmental standards. States can vary in the
stringency and coverage of environmental
regulations, as well as in the amount of re-
sources devoted to implementation and en-
forcement of environmental regulation. State
environmental standards and policies will af-
fect the relative costs of hazardous waste
management across locations and thus both
the supply and demand for management ser-
vices in a given location. Policies that make
waste management relatively more expen-
sive may result in shifting waste manage-
ment oot of a state and policies that make
waste management relatively less expensive
may result in increased imports of waste o
the state. There is some evidence that state
environmental regulations do affect the loca-
tion of hazardous waste management. Deyle
and Bretschneider (1995) find that New
York’s environmenta! policy initiatives in
the 1980s resulted in 4 decrease in hazardous
waste imports into the state and an increase
in hazardous waste exporis from the state.
Given this evidence, one would assume that
differences in environmental standards also
would affect the location decisions of firms
in the industry.

For this analysis, | assume that a firm first
decides whether or not to enter the hazardous
waste management industry (or whether to
add an additional facility, if the firm has
more than one facility) and then, if it decides
to enter, selects a location based on the char-
acteristics of that location. The analysis
therefore focuses on the firm’s location deci-
sion, and does not analyze the firm’s decision

¥ Westat (1984).

1% Not all hazardous waste management facilities re-
quire 2 RCRA permit. On-site facilities that treat waste
in tanks and containers within 90 days of the waste’s
generation do not need to obtain a RCRA penmit, al-
though they are subject to hazardous waste management
regulations. Also facilities that recycle hazardous wasic
and do not first store the waste are not required to obtain
permits. In 1993, EPA cstimated that there could have
been as many as 1,200 non-permitted recycling facili-
ties, and there is no estimate of the number of other
non-permitted facilities.

» For example, Alberini and Bartholomew (1999)
find that privately held firms play an important role in
the management of solvent wastes in California.
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to enter the market.” Firms are assumed to be
profit maximizers and thus select the location
that provides the firm with the highest level
of profit.

In equilibrium, the annual profit of 2 haz-
ardous waste management facility is a func-
tion of the guantity of waste managed, the
price the firm receives for waste manage-
ment, the cost of inputs to the management
process, and the annualized portion of initial
capital costs for the facility. However, one
cannot definitively say much about how
these factors affect equilibrivm quantity and
price in the market for hazardous waste man-
agement services because of several key fea-
tures of the market. First, the market is spa-
tizlly differentiated. Therefore a facility’s
demand depends on its location as well as the
location of competitors. This also means that
the effect of competition depends on the lo-
cation of competitors. Second, demand is not
uniform. Third, the capacity of facilities is
endogenous and fixed, that is, each facility
decides how much capacity to build based on
demand but once built capacity cannot easily
be changed. For these reasons, this industry
is extremely difficult to model and to date no
one has developed a structural squation for
profit in this industry. Therefore, for this
analysis I assume a reduced form profit func-
tion that is Hnear in the characteristics of the
location the facility selects. More specifi-
cally, 1 assume that profits are a function of
the characteristics of the site as well as a ran-
domm component and that the profits of facil-
ity i at location k can be represented by 7, =
B'X, + e, where e, is a random distarbance
term.”

Obviously, the level of demand is & major
determinant of profit in any market. Al-
though the market for hazardous waste man-
agement is a national market, there is also
& strong regional or local component 1o
demand because transportation costs can
be significant. Although hazardous waste is
sometimes shipped across the country for
managemens, over 80% of ali shipments are
within 500 miles. Therefore, one would ex-
pect regional demand, as well as national de-
mand, to be an important determinant of
profits.
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There are several types of fixed costs as-
sociated with providing a hazardous waste
management service. The key components
are the cost of the land on which facility is
located, the costs of building the system in
accordance with environmental regulations,
and the costs of permitting the system end
obtaining the necessary insurance for the sys-
tert.” Land costs are a function of the size of
the facility as well as the local price of land.
Building costs will depend or focal construc-
tion costs, the size of the system, and the
level of environmental regulations.” Finally,
permiiting and insurance costs will depend
on the level of environmental regulations.”

The profit for each facility also depends
on the nature of the production function and
the cost of inputs required to provide the haz-
ardous waste management services. In the
hazardous waste management industry, the

“ A number of studies have considered the entry de-
cision of firms, including Carlton (1979), but none has
focused on the role of environmental regulations in the
entry decision. To analyze a firm’s decision o enter the
market, one must also look at potential entrants that did
not enter the market. The data sets used in this study
do not contain information on firms that considered the
market but chose not to enter.

*In making this final assumption, [ am following
the approach used for the majority of empirical studies
of firm location decisions.

** Hamilton (1993) finds evidence that firms take the
potential for local collective action into account when
determining whether to expand an existing facility as
collective action can increase the cost of permitting and
decrzase the probability of getting a permit. Hamilton
measures the potential for local collective action using
voting participation. In choosing between states, the
potential for collective action on environmental prob-
lems should be reflected in the state’s environmental
reguiations.

¥ RCRA lays out specifications for the various types
of waste management units. For example, landfills,
waste piles, and surface impoundments must have dou-
ble liners, a leachate collection and rernoval system, and
a leak detection system. Combustion units must be able
1o destroy and remove 99.99 percent of the principal
organic hazardous constituents in the waste and emit
less than 180 milligrams of particulate matter per day
(U.S. EPA 1998).

# A facility must provide financial assurance that it
has the resources to pay for bodily injury or property
damuge that might result from waste management, Fi-
nancial assurance may be demonstrated through a trust
fund, surety bond, lstter of credit, insurance, financial
test, or corporate guarantec.
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key inputs are energy and labor. Environ-
mental regulations can also serve as a re-
straint on the level of cutput. In particular,
air and water pollution control devices can
make a system less efficient, because they
can require more energy or labor. Finally, the
ievel of taxes at a given location will affect
the net level of profit of the facility.

If the error terms on the profit function are
identically and independently distributed ac-
cording to a Weibull distribution, then the
probability of locating facility ¢ at location k
is given by P(k) = "/ 2", This proba-
bility can then be estimated by maximum
liketihood.

The assumption of independent error
terms is necessary in this model (the condi-
tional logit model developed by McFadden
1974) and leads to the ‘“‘independence of
irrelevant alternatives’ restriction of the
model. This assumption implies that if a
given facility has higher profits in location j
than in location % that are not explained by
the independent variables in the model, there
is no implication that the facility is more
likely to have higher profits in location { than
in location k. Therefore, if there are unmeas-
ured or unobserved attributes that affect lo-
cation decisions that are correlated across
choices, this assumption will be viclated. To
mitigate the effects of the assumption of the
independence of irrelevant alternatives (i.i.a.)
I also include a set of regional dummies in
the model.®

V. THE DATA

The 1,548 facilities included in this study
are those facilities in the continental United
States that managed hazardous waste that
was generated by another firm according
to EPA’s 1993 Biennial Reporting System
(BRS).” Prior to 1976 and the passage of the
Resource Conservation and Recovery Act,
there were no federal requirements for haz-
ardous waste management and therefore very
few hazardous waste management facilities.”
Therefore, this set of facilities is roughly the
same as the set of facilities born during the
period 1976 to 1993.% Each of the 48 conti-
nental states has at least one of the 1,548
facilities. Wyoming and South Dakota are
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the two states with only one facility, and Cal-
ifornia tops the list with 179 facilities. This
group of facilities ircludes both RCRA-
permitied and non-permitted facilities: there
are 586 permitted facilities and 962 non-
permitted facilities.”! On average, each facil-
ity offers six different treatment options, ai-
though almost 40% of the universe only offer
one type of ircatment. The single-treatment
facilities are not particular to a specific treat-
ment system and single-treatment facilities
can be found for almost all of the various
types of treatment. Of the facilities, 304 have
a land disposal unit (either a landfill or a land
treatment area), 685 have a combustion unit
(an incinerator or industrial furnace), and 864
are engaged in some type of material recov-
ery (solvent recovery, metals recovery, or of-
ganics recovery).

In 1993, these facilities managed anywhere
trom one ton of hazardous waste to over one
million tons, with the average being approxi-

%I crror terms are correlated only within regions,
including region dummies will ensure that the i.i.a. re-
striction holds. I tested the 1.i.a. restiction using a Haus-
man test and could not reject the hypothesis that i.i.a.
holds.

7 Facilities that only store or transfer hazardous
waste but do not treat, recycle, or dispose hazardous
waste are not included in the analysis. Also, facilities
that recycle hazardous material in such a way that the
material is excluded from EPA’s definition of hazard-
ous waste are not included.

® According to a study conducted for EPA in 1976,
in 1975 there were only about 100 hazardous waste
management facilitics (Dawson and Mercer 1986).

B Although this period is slightly longer than the pe-
riod used in most of the location studies, based on con-
versations with EPA regional staff, the data in earlier
BRS Surveys are of significantly lower quality than the
data available in the 1993 BRS. Thercfore, I chose to
extend the period of analysis rather than use the noisier
data set. Also, the data set does not include firms that
both entered and exited the indusiry during this period.

* There are seven facilities in Alaska and Hawaii.
Fowever, because of the significant distance between
these two states and the continental states, [ did not in-
clude these states in the analysis.

31 RCRA operating permits are required for all haz-
ardous waste treatment, storage, and disposal facilities.
Facilitics which recycle hazardous waste without first
storing the material are exempt from RCRA permitting
requirernents. Additionally, facilities in cxistence when
RCRA permitting requirements were cstablished were
granted interim status which allows a facility to operaie
without a permit as long as it complies with RCRA
standards.
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mately 12,000 tons, There ars only three facil-
ities in the database that manage more than
one million tons, while there are over 500
facilities that manage under 50 tons.” The
facilities handle a wide range of waste types
and forms and, other than hrﬂe liguid waste
strearns that are usually managed on site, are
generaily representative of the hazardous
waste generated in the United States.

ata on state characteristics is drawn from
a wide variety of sources. For these indepen-
dent variables, I obtained datz as close to the
“middle”” of the 1976 to 1993 period as pos-
sible. However, much of the data used in the
analysis is collected curing the decennial
census, s¢ some of the variables are evalu-
ated towards the end of the period rather than
at the middle. Table 1 lists the definitions and
sources of all the variables. Following Bartik
{1988) and Levinson (1996), 1 use the loga-
rithmic form for all of the Vdriablcs that rep-
resent factors of production.” The dependent
variable, Location, is equal to one if facility
i located in state & and is egual o O if it did
not. Since there are 48 states in the analysis
and 1,548 faciiities, there are 74,304 cobser-
vations in the data set.

The first explanatory variable, Demand,
measures the level of demand for hazardous
waste management in each state and is the total
guantity of hazardous waste generated in the
state in 1993.% This includes both waste man-
aged on site at the generator and waste that is
sent off site for management. Although waste
generation may have changed over the period
of analysis, I assurme that the relative demand
between states has not changed and thus waste
generation serves as a proxy for the relative
state demand. Neighboring Demand measurcs
the leve! of demand for hazardous waste man-
agement in all of the neighboring states, that is
all states that share a common border. In gen-
eral, higher demand, ceferis paribus, implies
higher profits and thus would make a location
more attractive. However, 1 assume that the
market is in equilibrium and thus a higher de-
mand also would imply a larger number of
firms in the market. More firms in the market
would imply more competition and possibly
iower prices. Therefore, it is not apparent what
the sign on the coefficients of the two demand
variables should be.”
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The Tax variable represents the mean cor-
porate income tax rate in 1990.% Because the
variable is already in percentage terms, I did
aot take the logarithm of this variable. [ ex-
nect the coefficient on this variable to be neg-
ative, as a higher level of taxes implies lower
after-tax profits. The Wage variable repre-
sents the average annual wage of all workers
in the state in 1990. I expect the coefficient
on: this variable to be negative.

The Mfg variable represents the number
of production hours worked in a state during
196G, Mfg can be inte crpreted in one of two
ways. It may be proxying for location or
aggiomeration economies that have been
skown to be present in concentrations of in-
dustry or it may capture some of the other-
wise uncbserved characteristics of states that
make them more or lfess attractive 1o indus-
try, such as a state’s infrastructure. The En-
ergy variable represents the weighted aver-
age price per BTU for energy in a state in

% In general, liquid waste streams are much larger
than solid waste streams although they are not necessar-
ily more expensive to treat. Thus facilities which man-
age Hquid waste generally take in much more waste
than facilities that manage solid waste, which can ac-
connt for the difference in facility sizes.

" Except taxes, which are expressed in percentage
terms. Most papers assume a log-linear profit function,
although there are a few, such as McConnell and
Scl 1wah (1990}, that assume a linear profit function. The

stivation for using s log-linear profit function is that
he production function is Cobb-Douglas, then under
certain conditions the profit function will be log-lincar.
The basic estimation eguation cxcluding cnvironmental
poticy variables has higher cxplanatory power when the
variables are logarithmic than when they are not.

* Given the data guality of earbier surveys of haz-
ardous waste generation, I use 1993 data to derive the
Demand variable rather than use lower quality data
from an earlier year.

s This model assumes that the probability that a firm
chooses a location depends on the relative profit of that
location compared to all other locations. If higher de-
mand does not imply higher profits, then it should not
inply a higher probability of locating in 2 state ac-
cording to this model.

* Most studies of location have 10 use relatively
crude measures of state {and/or local) taxes, generally
sorne measure of the average tax rate. A completely ac-
curate measure would have to reflect all provisions of
the tax code, =mludnng all of the various types of taxes
such as corporate income taxes, property tax, and unem-
ployment pdyrﬂli tax. Since taxes are not the focus of
this analysis, 1 use the average corporate income tax as
a proxy for the effective tax rate on firms.
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TABLE 1
DESCRIPTION OF VARIABLES

Variable Definition Source Mean

Location Equal to 1 if facility ¢ located in the 1693 Biennial Reporting System NA
state and 0 otherwise

Demand En(Tons of hazardous waste gener- 1993 Biennial Reporting System 16.08
ated in the state in 1993)

Neighboring Demand Ln(Tons of hazardous waste gener- 1993 Biennial Reporting System 17.24
ated in the neighboring states in
1593)

Tax 1980 mean corporate tax rate (per- 1990-1591 Book of the States 0.06
centage)

Wage 1.n{1990 average annual wage in dol- 1992 Statistical Abstract of the 18.05
lars) U.s.

Mfg Ln(1992 million production hours 1992 Census of Manufactures 6.52
worked)

Energy Ln(1989 average cost of energy in 1992 Statistical Abstract of the 1.69
doilars/BTU) U.s.

Energy X Recovery Equal to Ln{1989 average cost of en- 1993 Biennial Reporting System, 0.96
ergy in dollars/BTU) if facility 1992 Statistical Abstract of
has a recovery system else 0 the U.S.

Construction En(1993 weighted average construc- 1990 R.S. Means Building Con- 4.56
tion cost) struction Cost Data

Area Total area {100 million acres) 1980 Census of Population 0.05

Population Total population (100 thousand peo- 1990 Census of Population 0.01
ple)

Spending Per capita spending in 1988 on all 1991-1992 Green Index 29.10
environmental programs

Policy Measure of the number and strin- 1991-1992 Green Index 3354
gency of environmental policies
passed in the state

Neighboring Spending Average per capita spending of 1991-1992 Green Index 29.72
neighboring states in 1988 on all
environmental programs

Neighboring Policy Average Policy measure for neigh- 1991-1592 Green Index 28.80
boring states

Progressive Dummy variable for state environ- Lester (1994) 0.37
mental comritment

Struggler Dummy variable for state environ- Lester (1994) 0.11
mental commitinent

Belayer Dummy variable for state environ- Lester (1994) 0.40
mental commitment

Regressive Puminy variable for siate environ- Lester (1954) .13
mental commitment

Disposal Tax Tax rate per ton on hazardous waste Sigman (1996} 17.77
disposal in 1987

College Percentage of persons 25 years and 1991 Statistical Abstract of the 20.74
older that have completed college U.S.
(1989)

EnvOrg Membership in environmental organi- 1991-1992 Green Index 8.47
zations (per 1,000}

Republican Percent of state voting for the Repub- 1989 Statistical Abstract of the 54.31

lican party in the 1982 Presiden-
tial clection

u.s.

Noze: There are also 10 regional dummy variables included in the model. The regional dummy variables coincide with the 180

FPA regions.
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1989, This variable accounts for state ditfer-
ences in the energy sources used, and I ex-
pect it to have a negative coefficient. Because
facilities will differ in energy requirements
cdepending on the type of systems the facility
has, I also included an interaction between
energy costs and whether or not the facility
has a recovery system.” Although recovery
systerns use more energy than some system
types such as landfills, they are probably not
ag energy intensive as other systems such as
incinerators, so it is not obvious whether the
coefficient on this variable will be positive or
negative.” The Construction variable repre-
sents the weighted average construction cost
in & state in 1990. | also expect the coefficient
on this variable to be negative.

The total iand area of a state is also in-
cluded in the model. Area can serve as a
proxy for the number of sites in 2 state, and
thus the coefficient on this variable is ex-
pected to be pesitive. The Population vari-
able measures state population according to
the 1990 census. This variable may capture
some aspects of the labor market as well as
population density, given that area is also in-
ciuded in the specification. However, the
availability of labor and the density of popu-
lation work in opposite directions, so it is not
obvious whether the coefficient on this vari-
abie should be positive or negative.

The next set of variables measures various
aspects of a state’s environmental regula-
tions. One major difficulty in conducting
analyses of the effect of envirommental regu-
lations is correctly and adequately measur-
ing reguiatory stringency. Because there is
ne one obvious measure of regulatory strin-
gency, most studies employ severai different
variables. As Levinson {1990} points out,
there are three broad types of measures that
can and have been used in past analyses:
qualitative measures of state programs, guan-
titative measures of state programs, and mea-
sures of compliance costs incurred by regu-
fated entities. This analysis employs both
qualitative and guantitative measures of state
programs, but does not use measures of com-
pliance costs, since data on compliance costs
are not available.”

EPA regulates the management of hazard-
ous waste under Subtitle C of the Resource

Conservation and Recovery Act (RCRA).
Most states alsc have specific hazardous
waste management programs. In addition,
other types of envircnmental regulations
such as air and water polintion standards af-
fect how facilities manage hazardous waste
and the cost of such management. For this
analysis, 1 selected broad measures of envi-
ronmental regulations that include alf me-
dia.* The first four environmenta! variables
are taken from The 19%91-7992 Green Index:
A State-by-State Guide io the Nation's Envi-
rommental Health (Hail and Kerr 1991),
compiled by the Institute for Southern Stad-
ies.” The Spending varizble measures the per
capita spending of the state in 1988 on ali en-

¥ 1 also considered interactions between energy
costs and dummies for land disposal systems and com-
bustion systems. However, these two variables did not
increase the explanatory power of the model, so they
were not included in the final specifications.

¥ Recovery includes systems that recover solvents,
other organics, and metals from hazardous waste. It
does not include “‘energy recovery’” systems, that is,
systerns that burn hazardous waste as fuel.

* Studies that use measures of compliance costs
(Levingon (1996) and Friedman, Gerlowski, and Silber-
man (1992}, for example) use the Pollution Abatement
Costs and Expenditures (PACE) Survey. However, the
PACE survey only collects data from manufacturing in-
dustries, and the majority of firms in the hazardous
waste managemen: industry arc considered service
firms, not manufacturing firms. In addition, compliance
costs may contain 2 selection bias or be endogenous 1o
the model.

# Because broad measures of environmental regula-
tions are highly correlated with more specific measures
for hazardous waste regulations alone, one cannot prop-
erly interpret the coefficients on the broadly defined
variables if more narrowly defined variables are in-
cluded in the same model. Therefore, T only use the
more inclusive snvironmental measures in the models
presented in this paper. I obtained qualitatively similar
resulis, however, when I performed the same analysis
with environmental measures more specific to hazard-
ous waste.

¥ The 199471992 Green Index provides a number
of other measurss of environmental indicators, inchud-
ing an overall “‘Green Index,”” 2 Hazardous and Solid
Waste Index, and a Toxic Chemical Waste Index. These
megsures are not used in this analysis because they all
contzin, to some degree, meusures of the level of pollu-
tion and environmental degradation in the state. There-
fore, they do not solely measure a staie’s environmental
standards or stringency, but instead measure to some
extent the need for environmental regulations or the
outcome of firm behavior given the level of enviroa-
mental regulation,
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vironmental programs, including air quality
control, water resources and pollution, haz-
ardous and solid waste, and fish, wildiife, and
forestry. ¥ Wyoming spends the most per
capita with approximately $270, while Texas
spends the least, under seven dollars per per-
son. | expect the sign on this varigbie to be
negative, as | assume that higher levels of
spending per capita imply a higher level of
implementation and enforcement of regula-
tions.” The Policy variable is a measure of
the number and stringency of envircnmental
programs and regulation in the state.* Each
state is evaluated with respect to its policies
on air pollution, drinking water, surface
water, land use, ground water control, and
hazardous waste. New Jersey has the high-
est score (5O points out of a maximum of
530) and Arkansas has the lowest score (13
points). I also expect the sign on this variable
to be negative, as a higher score indicates
more comprehensive or more stringent envi-
ronmental policies.

For both of these variables, there is an
analogous ‘‘Neighboring’’ variable which
measures the average value of the variable in
ail of the neighboring states, that is all states
that share a common border. 1 do not have
any ex ante beliefs about the expected sign
on the neighboring variables. There could be
positive externalities associated with strict
environmental regulations in neighboring
states, such as generators in the neighboring
states wanting to export waste to other states
for management. On the other hand, if a
neighboring state’s environmental regulation
make transport through that state more ex-
pensive, it could have negative externalities.

The next four variables, Progressive,
Struggler, Delayer, and Regressive are
dummy varigbles representing the commit-
ment of states to environmental protection
policies and their ability t¢ carry out strong
environmental programs. Lester (1994)
groups states into these four categories based
on the state’s responses to existing and po-
tentizl environraental responsibilities. Pro-
gressives are states with “‘a high commit-
ment to environmental protection coupled
with strong institutional capabilities”” and in-
clude California, Florida, Maryland, Massa-
chusetts, Michigan, New Jersey, New York,
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Oregon, Washington, and Wisconsin. Strug-
glers are the states “‘with a strong commit-
ment to environmental protecticn but with
himited institational capacities.”” Colorade,
Connecticut, Delaware, Hawaii, Idaho, Iowa,
Maine, Minnesota, Montana, Mevada, New
Hampshire, North Carolina, North Dakota,
Rhode island, and Vermont are all classified
as strugglers. Delayers are states with ’a
strong institutional capacity but with a lim-
ited commitment to environmental protec-
tion” inciuding Alabama, Alaska, Arkansas,
Georgia, Mlinois, Lovisiana, Missouri, Ohio,
Oklzhoma, Pennsylvania, South Carelina,
Tennessee, Texas, Virginia, and West Vir-
ginia. Finally, Regressives are states with a
weak institutional capacity ‘‘as well as a lim-
ited commitment to environmental protec-
tion”’ and include Arizona, Indiana, Kansas,
Kentucky, Mississippi, Nebraska, New Mex-
ico, South Dakota, Utah, and Wyoming. For
the empirical analysis, 1 omit the Delayer
variabje. | expect the Progressive and Streg-
gler variables to have a negative coefficient
as regulations and enforcement should be
more stringent than in the Delayer states and
Regressive to have a positive coefficient be-
cause regulations and enforcement should be
fess stringent than in the Delayer states. The
last variable measuring environmental regu-
lations is Disposal Tax. This represents the
tax rate on disposal of a ton of hazardous
waste in 1987. Levinson (1999) finds that

% As an alternative to measuring spending per cap-
ita, I considered normslizing spending by the level of
manufacturing in the state or by the quantity of hazard-
ous waste produced. Neither of these normalizations
significantly change the results of this analysis. Also,
because households and service industries contribute
significantly to environmental problems, manufactoring
activity is not necessarily @ better unit of evaluation
than population. In addition, hazardous waste spending
is a refatively small part of spending on all environmen-
tal problems, so using tons of hazardous waste as the
unit of evaluation may be no more appropriate than us-
ing population.

* Although some firms mway prefer 1o deal with well-
run, well-informed (and thus probably more highly
funded) state environmental agencies, I believe the net
effect of the spending vartables will be negative.

“ Information on the status of policies was compiled
from a number of sources. Most of the sources are based
on policy status as of 1987 to 1990, although some are
as recent as 1991.
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taxes discourage generators from shipping
waste into a state and thus I expect a negative
coefficient on this variable.

The final three variables do not measure
environmerntal regulation directly but instead
measure the climate of the state with regards
to environmental regulation. Many environ-
mental regulations allow for public participa-
tion. If the public opposes the construction of
a facility or requires additional controls on 2
facility, this will increase the cost of a waste
management facility. College represents the
percentage of the population over the age of
25 that has completed college. Assuming that
more highly educated people are more likely
to participate in matters concerning a hazard-
ous waste management facility, [ expect the
coefficient on this vartable to be negative.
EnvOrg measures participation in cnviron-
mental organizations, and thus I also expect
this coefficient on this variable to be nega-
tive. Finaily, Republican measures the per-
centage of votes cast for the Republican pres-
idential candidate in the 1988 election.
Because the Republican party is known for
its pro-business stance and had a weaker po-
sition on the environment in 1988 than th
Democrats, [ expect the coefficient on this
variable o be positive.

VI EMPIRICAL RESULTS

Tabie 2 presents the results from the con-
ditional logit model for 2 number of different
specifications. The first specification does not
include any environmental policy variables.
The other specifications include various
combinations of the environmental policy
variables. Standard errors are in parentheses
and statistically significant coefficients are
indicated with one asterisk for significance at
the 5% level and two asterisks for signifi-
cance at the 10% level. To save space, region
dummy variables are not reported.®

First consider the results for the variables
that are commonly used in location studies.
Although the absolute values of the non-
environmentai coefficients vary across all of
the specifications, for the most part changes in
the explanatory environmental policy vari-
ables do not drastically change the values of
the coefficients or affect whether the coeffi-
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cieats are statisticaily significant. The coeffi-
cient on the tax variable is almost always neg-
ative, as expected, and statistically significant
for half of the specifications. This is consistent
with many industry location studies inclading
Barnk (1988) and McConnell and Schwab
{1990, although a mumber of studies, includ-
ing Levinson {1996), have not found any sta-
tistical significance. The coefficient on energy
is also consistently negative and statistically
significant, a result which almost no other
studies have found.* Energy costs may be sta-
tistically significant in this model becauase en-
ergy is a larger percentage of costs in this in-
dustry as compared to the entire manu-
facturing sector.” The coefficient on the inter-
action between erergy and recovery systems
is positive and significant, although the net ef-
fect of the two energy variables for facilities
with recovery options is still negative. This
implies that facilities with recovery operations
are less sensitive to energy costs than facilities
without recovery operations.

Mfyg has a positive and significant coeffi-
cient across all specifications, which could
indicate that facilities locate in states where
there is more significant manufacturing ac-
tivity due to agglomeration economies or it
could indicate unmeasured characteristics of
the states that make the state attractive to
the hazardous waste management industry
as well as manufacturing industries. A third
explanation is that this variable captures haz-
ardous waste generation and, therefore, facil-
ities are atiracted to states with high levels of
manufacturing because this means high lev-
els of hazardous waste. The coefficient on

Y A complete set of resulis including the regional
dummies is available upon request from the author.

4 In particular, the three studies of cnvironmental
regulations and location decisions have found energy
costs 1o not be statistically significant. Carlton (19832)
does find clectricity prices to be statistically significant
in a study of the location choices of firms in four nar-
rowly defined industrics.

4 The primary inputs into waste manugement are la-
bor and energy, as there are relatively few material in-
puts into the process. Most manufacturing industrics, on
the other hand, require raw materials and other inputs.
Thus even though some wastc management techniques,
such as landfilling, are not encrgy iniensive, energy
costs may be a relatively large percentage of overall
costs.
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TABLE 2
Resuits o CoNpiTIoNaL LoGrt Mobsi oF LocaTioN CHOICE
Specification (1) (2) 3 4 (5) {6)
Demand —0.0181 —0.0065 —0.0092 —0.0086 —0.0039 —0.0044
(0.0325) (0.0328) (0.0361) (0.0344) {0.0337) (0.0336)
Neighboring Demand —0.0065 —0.0013 —0.0072 —0.0088 —0.0150 —0.0861**
(0.0355) 0.0387) (0.0406) (0.0411) (0.0393) {0.0483)
Tax —3.4899* —3.8463% —3.44G97 %+ —5.0580* —2.3806 0.5739
(1.5554) (1.5798) (1.7731) (1.9531) (1.7582) {2.1303)
Wage 0.7856 0.4622 (.3725 0.3861 0.2877 0.1958
(0.6117) 0.6377) (0.6540) (0.6875) {0.7433) (0.7458)
Mifg 0.7390* 0.6784* 0.6778% 0.6888* 0.6547* 0.6721*
(0.0621) {0.0733) (0.0730) (0.0945) {0.0745) {0.0754)
Energy —2.4164% —2.6795% —2.6836* ~2.5933% —2.2798* —2.5382*
{0.4133) (0.4289) (0.4288) (0.4353) (0.4670) (0.4786)
Energy X Recovery 1.4033* 1.4003* 1.4014% 1.4069* 1.404G* 1.4026*
(0.2864) (0.2861) {0.2862) {0.2868) {0.2866) {0.2864)
Constriction 2.6598* 3.6169% 3.6955* 4.2173% 4.3272% 4.4341*
{0.8513) (0.9378) (0.9457) (1.0328) (10307 {1.0444)
Area 0.1700 0.1630 0.2120 0.1320 0.2520 (.2880**
{0.1410) (0.1460) {0.170) (0.1540) (0.1640) (0.1660)
Population —0.9180* —1.1100* —1.0700* —1.2100% - 1.0300* —0.8950*
(0.4200) 0.4310) {0.4330) {0.5070) (0.4360) 0.4360)
Spending —0.0052* —0.0045* —0.0052% ~0.0045%* —0.0048%*
(C.0025) (0.0025) {0.0025) (D.0026) (0.0026)
Policy 0.0136* 0.0122%* 0.0212%* D.0160* 050099
(0.0065) {0.0069) {0.0086) (0.0069) (0.0073)
Neighboring Spending —(.0033
{0.0055)
Neighboring Policy 0.0022
0.0105)
Progressive —{(.1874
(0.1374)
Struggler -.0192
(0.1555)
Regressive 0.0478
©.1197)
College 0.0112 0.0107
(0.0156) (0.0159)
EnvOrg —0.(537*= —0.0317
(0.0278) {0.0298)
Republican 0.0082 0.6019
{0.0082) (0.0086)
Bisposal Tax —0.0070*
{0.0026)
Eog-Likelihood 5348 5345 5345 5344 5342 5339
Pseudo R 1675 .1080 1081 1082 1085 1091

Note: Standard ervors are in parentheses; *Statistically significant at 5%; **Statistically significant at 10%.

Construction is consistently positive and sig-
nificant, in contrast to the expected negative
sign. Several other studies have found this
same resuolt, including Bartik (1985) and
Schmenner, Huber, and Cook (1987). One
possibie explanation is that states that are at-
tractive for unobserved reasons may tend to

have higher construction costs because of in-
creased business demand.®

“ However, when I added a variable measuring
growth in manufacturing from 1987 to 1992, there was
hittle change in the coefficient on construction (or in any
of the other coefficients) and the coefficient on growth
was not significant.
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The coefiicient on Wage also has an unex-
pected positive sign, although it is never sta-
tistically significant. Both Levinson (1996}
end McConnell and Schwab (1988) found
similar results for wages in their models.”
One expianation for the Wage result may be
that there are unmeasured productivity differ-
ences between states that are positively corre-
lated with wages. Other explanations might be
that states with high levels of indastrial activ-
ity have both high demand for hazardous
waste management and higher wages, or that
the hazardous waste management industry is
relatively insensitive to wages rates because
iabor is not the most significant factor in their
cost function.™ Because Wage and Construc-
tion are also positively correlated (with an es-
timated correlation coefficient of 0.75), what-
ever is driving the result for wages could also
be driving the result for constraction costs.

Area may serve as a proxy for the number
of potential sites in each state. The positive
coefficient on Area is consistent with this in-
terpretation because it tmplies that the more
potential sites, the more likely a facility is to
locate in that state. However, the coefficient
often is not significant, which could be inter-
preted to mean that intra-state differences
among sites are relatively minor. The coeffi-
cient on Population is consistently negative
and significant. Because total area is inciuded
in the model, this could imply that less
densely populated states are more attractive.

Given the equilibrium assumption, it is
not clear ex-ante whether the two demand
variables should have a positive or negative
effect on location decisions. Under ali of the
specifications, Demand in a state is negative,
although it is never significant. Neighboring
demand is also negative and generally insig-
nificant, aithough it is statistically significant
under specification six. The statistical insig-
nificance could be due, in part, to the fact that
Demand and Mfg are postively correlated
with an estimated correlation coefficient of
approximately 0.6 and thus some of the ef-
fect of demand on location choice is picked
up by the coefficient on Mfg. When Mfyg is
removed from the model, both demand vari-
ables are positive and significant,

There are five specifications that include
various envircnmental policy variables. In all
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of these specifications, Spending appears as
expected with 4 consistently significant nega-
tive coefficieni. This suggests that the more
money 2 state spends on implementing and
enforcing its environmental regulations, the
less attractive it is to hazardous waste man-
agement firms. The coefficient on Policy, on
the other hand, is positive rather than nega-
tive as was expected, and is significant. One
possible explanation for this resuit is that
regulatory stringency and demand are corre-
lated. Because Policy measures the compre-
hensiveness of a state’s regulation, another
interpretation is that facilities may prefer to
locate in states where there is less uncertainty
about the form of the regulations (because
there is already a comprehensive set of regu-
lations). Similarly, states that have passed a
comprehensive set of regulations may be
more likely to have s well-run bureaucracy
int place to deal with environmental issues
which may make it easier for firms to operate
in those states.

Specificatiop three includes the average
vaiues of the spending and policy variables
in neighboring states, Neighboring Spending
and Neighboring Policy, neither of which
have significant coefficients. It is interesting
that both of these coetficients have the same
sign as the coefficients on the variables for
the state itself (that is or Spending and Pol-
icy). This is consistent with a mode! where
neighboring states’ environmental regulation
increases the cost of transport for customers
and thus make the facility less atfractive to
gererators. Specificaiion four includes the
duramy variables Frogressive, Struggler, and
Regressive (the dummy variable Delayer is
omitted). Although the coefficients on these
variables are not significant, they do have the
expected signs.™

“ Levinson obtains a positive coefficient on Wage for
some specifications of his model and a negative coeffi-
cient for others, but the coefticient is never significant.

*'1 thank sn anonymous referee for suggesting these
explanations.

> 1 did not include the results of the specification
that incloded only these general measures (Progressive,
Struggler, and Regressive). None of the coefficients on
these general measures was significant, although they
did have the expected signs, and their inclusion did
not dramatically change the coefficients on the non-
environmental cxplanatory variables.
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Specification five includes three variables
to measure the potential for public participa-
tion in envircnmental matters. Coilege has
a positive, but insignificant coefficient. This
could be due to the fact that while people
with college degrees are more likely to par-
ticipate in public meetings and hearings, they
are also atiractive from a labor market per-
spective, especially for an industry that em-
ploys engineers. EnvCrg, which measures
membership in environmental organizations,
has the expected negative sign and is sig-
nificant, which could indicate that envi-
ropmentalists are more likely to oppose
construction of hazardous waste facilities. Fi-
nally, Republican has the expected positive
sign, but it is not significant.

Specification six is the same as specifica-
tion five except that it includes a measure of
the taxes on disposai of hazardous waste,
Disposal Tax. The coefficient on this variable
is negative and significant as expected. One
should be cautious i interpreting these re-
sults, however, as states may have imple-
mented taxes in response to the presence of
waste management facilities and thus there is
potential endogeneity between Disposal Tax
and the location decision of firms. Note that
in this specification the coefficients on both
Policy and EnvOrg are no longer significant
although they have the same signs and simi-
tar magnitude of the coefficients in specifi-
cation five.

To save space, region dummy variables
are not reported. Region 10 (Washington,
QOregon, idaho, and Alaska) is the omitted re-
gion. The coefficients on the regional dum-
mies are all positive and almost always sig-
nificant at the 5% level. These dummy
variables were included in the model to atten-
nate any potential problems with the assump-
tion of the independence of irrelevant alter-
natives. However, it is likely that the regions
are aiso picking up some of the correlations
between state environmental programs and
attitudes. For example, Georgia, South Car-
olina, and North Carolina spend similar
amounts on environmenial regulations and
are all in Region 4. Five of the six states in
Region 1 {the Northeastern United States)
are classified as Strugglers. Also, even if 2
state is authorized to implement and enforce
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its own hazardous waste program, facilities
do have to interact with the regiona! EPA of-
fices, and some offices may be considered
easier to work with than others.

To get a sense of the effect of these vari-
ables on the location decision beyond their
statistical significance and direction of ef-
fect, it is necessary to interpret their magni-
tudes. In the conditional logit model, the
srobability of locating facility i at location &
is given by

2P %

— ’;”-
D

(k) =

Taking the derivative of this probability with
respect to a state characteristic z; yields

OPU) _ piigy - 1 ~ PGk - B

0z
Thus the interpretation of a coefficient de-
pends on the characteristics of the state being
analyzed.

Table 3 presenis the change in the proba-
bility {in percentage points) of any one facil-
ity Jocating in a state with median characteri-
sitics that would result from an increase in
each of the listed parameters by one standard
deviation for the fifth specification.” For ex-
ampile, the resuits suggest that increasing per
capita spending on environmental programs
by one standard deviation, or $39, while
holding all cther parameters constant, would
decrease the probability that a facility would
locate in a state with average characteristics
by (.223 percentage points from a probabil-
ity of 1.314 to a probability of 1.08%.% Al-
though this may seem to be a small change
in terms of percentage points, the probability

% The probability is evaluated at the median of afl
of the continuous variables. Since there is no median
for the dummy variables, I assume that the state is in
Region 5 (which is the region that generally has the me-
dian coefficient of the ten regions). T chose specification
{ive for this analysis becanse it appears to be the best
fit.

3 The last row of this table shows the probability
that a facility would locate in a state with average char-
acteristics under each of the specifications.
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TABLE 3
INTERPRETATION OF COEFFICIENTS FROM TEE CONDITIONAL LoGit MopsL oF
Location CHOICE FOR SPECIFICATION FIVE

Change in
Probability From

Value of Increase of 1

Varigble Coeflicient Standard Deviation
Demand —{.0039 ~0.010
Neighboring Demand —3.0150 - (.027
Tax —2.3806 —0.089
Wage 0.2877 (.048
Mfg 0.6347* 1.023
Energy —2.2798*% —{(1.540
Energy X Recovery 1.4049* 1.549
Construction 4.3272% 0.465
Area 0.2320 0.082
Population —1.0300* -0.139
Spending —{).0045%* -0.225
Policy 3.0160+ 0.189
College 30112 0.061
EnvQOrg —i.0537%* —0.250
Republican 3.0082 0.058
Probability of Locating in Average Stage 1.314%

NMotes: This table presents the predicted change in the prebability of locating in a siste with median
characteristics as a result of a standard deviation in each independent variable,
* Coefficient is statistically significant at 5%; **Coefficient is statistically significant at 10%.

of locating in the state decreases by almost
20% in response to the one standard devia-
tion increase in per capita spending. In terms
of the absolute number of facilities, such
a change in spending would wtaply three
fewer facilities given z total universe of
1,548 facilities.

To determine the relative importance of
environmental regulations to the location
choice, one needs to compare the effects of
environmental regulations to the effects of
the other explanatory variables. Although
changes of the same relative magnitude (that
is, one standard deviation) in manufacturing
fevel, energy costs, and construction costs
generally appear to have a more sizeable ef-
fect on location choice than changes in the
environmenial policy variables, changes in
demand, taxes, and wages generally ap-
pear to have a less sizeabie effect. Also, in-
creases in spending have a larger effect than
changes iz the stringency of environmental
regulations.

To test the robustness of these results, I
apalyzed several different subsets of the data.
As discussed previously, the data set inciudes

all facilities that managed hazardous waste
that was generated by another firm according
to EPA’s 1993 Biennial Reporting System
{BRS}, both permitted and non-permitted.
Because obtaining & permit is very expensive
and will depend on a state’s environmental
regulations and the level of public participa-
tion in the process, permitied facilities might
be differently affected by environmental reg-
ulations than non-permitted facilities. There-
fore, I ran specification five separately for
permitied and non-permitted facilities. The
resuits of these analyses are presented in Ta-
bic 4.

The results for permitted facilities are very
similar to the resuits for the whole data set
{except for the sign of the insignificant coet-
ficient on the demand variables). For the non-
permitted subset, none of the environmental
policy variables are significant zlthough ali
but College have the same sign and are of
similar magnitude. These resulis suggest that
environmentai regulations are maybe more
significant factors for facilities that have
to obtain a permit than for facilities that do
Bot.
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TABLE 4
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COMPARISON OF RESULTS FOR PERMITTED AND NON-PERMITTED FACILITIES

Permiited Facilities Non-Permitted Facilities

Specification Complete Data Set (586) (962)
Demand —0.0039 0.0520 —3.0479
(0.0337) (0.0536) 0.0443)
Neighboring Demand —-0.0150 0.0629 —(.0841%*
(0.0393) (0.0652) 00510
Tax —2.3806 —2.6767 -1.6921
(1.7582) (2.9837) (2.2055)
Wage 0.2877 —0.5347 1.0454
{0.7433) (1.2036) (0.9628)
Mifg 0.6547* 0.5722% (.8036*
(6.0745 {0.1187) (0.1067)
Energy —2.2798* —2.4853* —2.3526%
{0.4670) 07767y {0.5982)
Energy X Recovery 1.4049* 1.9262% 1.6381*
(0.2866) (0.4963) {8.3771)
Constraction 4.3272% 3.5691%* 4.9940*
(1.6307) (1.5973} (1.3881)
Area 0.2520 C0.2240 0.3610**
(0.1640} (0.2570) (0.2180)
Population —1.0300* ~0.0702 —3.4600%
(0.4360) {0.0572) (¢.0983)
Spending —0.0045** —0.0074%* —0.0026
{0.0026) {0.0046) (0.0032)
Policy 0.0160* 0.0172 0.0132
{0.0069) 00117 {0.0089)
College 0.0112 0.0319 —0.0092
(0.01356) (0.0246) (0.0206)
EnvOrg —0.0537%* =0.0833%* -0.0297
(0.0278} (0.0450) (0.0363)
Republican 0.0082 0.0050 0.0099
(0.0082) {0.0134) (0.0105)

Note: Standard errors are in parentheses; regional dummies are not reported; *Statistically significant at 5%; ** Stutistically

significant at 10%.

Because the requirements and regulations
vary for different systems, I also ran the fifth
specification on three different subsets of the
data based on the types of systems at the
facilities: (1) facilities with land disposal
units (Jandfills and land treatment); (2) facili-
ties with combustion units (incinerators and
BIiFs); and (3) facilities with recovery umits
(solvent recovery, metals recovery, other re-
covery). Remember that facilities often have
more than one waste management system, S0
there is some overlap of facilities across
these subsets. Table 5 presents the results of
the analysis for the system subsets.

For facilities with land disposal units (364
facilities), none of the environmental policy
variables were significant, and the signs for

Spending and Ceollege were opposite those
for the entire database. However, the coeffi-
cients on both tax and wage are significant
for this subset although they are not for the
whole data set. For facilities with combustion
units (685 facilities), none of the environ-
mental policy variables were significant al-
though the signs were consistent with the
signs for the entire data set. For facilities
with recovery vnits (864 facilities), the signs
were consistent with the signs for the entire
data set ané Spending, Select, and EnvOrg
were all significant.>

 For this run, the interaction between energy costs
and recovery was dropped because of prefect collinear-
ity with the varizble for energy costs.
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TABLE 5
COMPARISON OF RESULTS FOR DIFFERENT TYPES OF FACILITIES
Specification Complete Data Set Land Disposal Combustion Recovery
Demand —~{.0039 ~(.0669 —0.0204 0.0423
(8.0337) (C.0813) (0.0508) (0.046)
Neighboring Demand —-{.0150 —(.0042 —{1.0434 ~0.0418
(3.03943 (©.1058) (0.0624) (G.0535)
Tax —2.3806 —H.6489*% —1.8359 2.2685
{1.7583) {4.148) (2.9825) (2.5054)
Wage 0.2877 4.8060* 0.4829 —{3.3938
{(0.7433) {1.8456) {1.151) {1.012)
Mfg 0.6547* (.7504%* 0.8345* 0.5288*
{0.0745) {0.1799) {0.1153; {.1015)
Energy ~2.2798* —32.4836* —3.2235% —{.6995
(C.4671) (1.1284) {0.7367) (0.6471)
Energy X Recovery 1.4049% 1.985¢% 1.8544% —
{0.2866) (C.6847) (0.441) —
Recovery Construction 4.3272% 2.2701 2.9966%* 8.6527%
{1.0308) (2.335) (1.5515) (14511}
Area $.2520 —(1.2950 —C.0979 0.5890*
{0.164) {0.392) 0.267) (0.241)
Popuiation -~ 1.0304% —~{1.2790 ~0.9280 —{.1670
(0.436) {0.931) {0.608) (0.636)
Spending ~0.0045%* 0.0014 —0.0050 -0.0087*
(0.0026) {0.0043) {0.0044) {0.0043)
Policy 00160+ 0.0002 0.0118 (.0340*
0007 ((.0164) Q01tH (0.0
College 00112 -{.0175 0.0289 0.0164
{0.0157) (©.0371) (0.0241) (0.0218)
EnvOrg —{L0537%* -3.0239 —0.0345 - {3.1080*
{0.0279) (0.0758) 0.0454) (0.0387)
Republican 0.0082 §.0300 0.0143 .0095
{0.0082) 10.021) 0.0129) {0.0112)
Note: Standard errors are in parentheses; Regional dummies are not reported, *Statistically significant at 5%; **Statistically

significant at 10%.

ViL CONCLUSIONS

Unlike many other studies of the effect of
environmental regulations on firm location
choice, this analysis finds that a number of
different measures of environmental reguia-
tions can explain some of the differences in
state location choice for hazardous waste
management facilities. While other variables
such as the level of manufacturing activity
and energy costs may be more significant de-
terminants of location choice, environmental
regulations are not insignificant. For this in-
dustry, environmental regulations appear to
have larger effects on the location decision
than some cther more traditional factors such
as wages and taxes.

In particular, I find relatively strong evi-

dence that spending op envircnmentzl pro-
grams cap deter firms from locating in z
particular state. Since spending on environ-
menial programs affects the implementation
and enforcement of environmental regula-
tions, these results suggest that the intensity
with which states enforce envircnmental reg-
ulatinns may be a very important factor in af-
fecting firms” location choices. On the other
hand, using qualitative measures of state en-
vironmental regulatory stringency, it appears
that more stringent environmental regula-
tions aitract hazardous waste management
faciiities. This may be due to correlations be-
tween reguiatory stringency and demand for
hazardous waste management services or it
may indicate that facilities prefer states
where there is less uncertainty about reguire-
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ments due to the comprehensiveness of the
state’s regulations.

I 2lso find that states with a high number
of environmentalists deter facilities from lo-
cating in a state, perhaps because the facility
is concerned about opposition from the pub-
lic or public interference with operations. Fi-
nally, taxes on the disposal of hazardous
waste appear to deter facilities, although this
evidence must be interpreted cauticusly
given the potential for endogeneity between
hazardous waste taxes and the presence of
hazardous waste management facilities. The
results for various subsets of the data set are
generally consistent with the results for the
entire data set, although in many cases the
coefficients are not significant.

While this analysis concludes that envi-
ronmental regulations affect the location
decision of firms in the hazardous waste
management industry, and not that envi-
ronmental regulation affects the location
decisions of other types of firms, the resuits
of this analysis suggest that any future an-
alyses of environmental regulations and
location choice should include state spend-
ing on environmenial programs and mea-
sures of public participation in environ-
mental matters as well as more traditional
measures of the stringency of environmental
regulations.
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