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Abstract

Environmental policy encouraging hazardous waste reduction began in 1976
with an Environmental Protection Agency statement promoting source reduc-
tion as the preferred method of hazardous waste management. In 1984, Con-
gress included a policy statement supporting waste reduction in the Hazardous
and Solid Waste Amendments (HSWA). However, the cornerstone of HSWA
was the land disposal restrictions (LDRs)—a command and control policy
prohibiting land disposal of untreated hazardous waste. Consideration of the
hazardous waste generation decision in the aggregate would suggest that the
price effect resulting from the LDR program and increased hazardous waste
management prices in general would lead to source reduction. Although at the
firm level there may be interdicting factors, statistical analysis of generation
data for Tennessee support this hypothesis. Both the institution of the LDRs
and waste management prices have significant negative effects on the level of
generation. The analysis, however, reveals the existence of large industry and
firm effects, indicating that the response to public policy may exhibit significant
variance, especially at the individual generator level.

INTRODUCTION

The first federal hazardous waste legislation was the Resource Conservation
and Recovery Act (RCRA) of 1976. The RCRA established a cradle-to-grave
national regulatory system to guard against inconsistent and ineffective state
programs and market failures [Bowman, 1985; Florini, 1982]. It had four
requirements for the U.S. Environmental Protection Agency (EPA): (a) identify
hazardous wastes; (b) develop standards for generators and transporters and
treatment, storage, and disposal facilities; (c) create a permitting process; and
(d) establish a manifest system for tracking hazardous waste from generation
to disposal. Also in 1976, the EPA issued a policy statement promoting waste
reduction as the preferred management method for hazardous waste [U.S.
EPA, 1976].
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The RCRA was amended in 1984 by the Hazardous and Solid Waste Amend-
ments (HSWA). Key provisions of HSWA include the prohibition on land
disposal of untreated hazardous waste, national regulation of small quantity
generators, and minimum technology requirements for treatment and disposal
facilities. Congress also declared in HSWA a national policy that when possible
hazardous waste generation should be reduced or eliminated.

In RCRA and HSWA, the primary emphasis is unequivocally on developing
a national regulatory scheme for hazardous waste management, a mechanism
to protect human health and the environment through proper management
of waste after it is generated. With RCRA the attention was on developing
national standards. The ‘‘regulatory centerpiece’’ of HSWA was phasing out
direct land disposal of waste and encouraging use of less risky (but more
expensive) waste management options [Mazmanian and Morell, 1992, p. 102].
Congress did include a provision in HSWA that generators with off-site ship-
ments certify a program is in place to reduce waste where economically practi-
cal. However, this ‘‘is an easy enough thing to certify,’’ but may be a much
harder provision for generators to implement [Herz, 1991, p. 1261]. Instead,
actual waste reduction requirements were ‘‘minimal’’ (p. 1261).

This article focuses on the outcome of federal environmental regulation of
hazardous waste, in particular, its effect on waste generation and reduction.
We concentrate on federal regulation because of its efforts to develop national
standards to eliminate weaker and seemingly ineffective regulatory programs
that had evolved at the state level, particularly prior to 1976.1 Moreover, we
center on RCRA and HSWA as the two major federal legislative packages
implemented for hazardous waste management [see Vig and Kraft, 1994]. We
start with a brief review of the major aspects of evaluating public policy out-
comes and outputs and then move to a specific environmental policy: hazardous
waste reduction.

We employ a two-tierred effort to gauge the outcome of federal hazardous
waste policy. First, we present hazardous waste decisionmaking from a system
perspective at the aggregate level. Second, we are interested in identifying
determinants of reduction in hazardous waste generation. We accomplish this
through a waste generation model, building upon the system framework pre-
sented. With the waste generation model, however, we proceed from an aggre-
gate policy perspective of the problem to firm-level analysis where actual waste
reduction decisions are made and there are measurable, tangible results. Partic-
ular emphasis is placed on the land disposal restrictions (LDRs) included in
HSWA. The LDR regulatory program was the fundamental component of
HSWA, not waste reduction directly. Congressional intent was to allow eco-
nomic incentives to encourage waste reduction [Mazmanian and Morell,
1992].2 In essence, Congress attempted an indirect economic approach in
HSWA by eliminating the least expensive waste management option. Thus,
legislative actions, specifically the LDRs in HSWA and the increased waste
management costs stemming from them, present a profit-seeking firm with
choices between waste abatement/reduction actions or ‘‘business-as-usual’’
practices.

1 Not all state regulatory programs should be viewed as ineffective [Lester, 1995]. Indeed, many
state programs served as precedents for national programs [see Deyle and Bretschneider, 1995].
2 We readily admit that state hazardous waste policies and federal policy on other waste manage-
ment areas may influence firms’ waste reduction behavior. However, we focus solely on the federal
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The evaluation question addressed here then is: Has hazardous waste reduc-
tion occurred? If so, what were the underlying factors affecting the reduction;
that is, did the congressional intent of economic incentives occur? Answers
to the latter question are critical because Congress and states presume that
economic incentives may sufficiently motivate waste reduction.

CHALLENGES IN EVALUATING OUTCOMES

Policy analysis allows researchers and decisionmakers to evaluate the outputs
and outcomes of a government policy in an unbiased, systematic way. Outputs
and outcomes are important because they can be quantified, evaluated empiri-
cally, and ‘‘represent the end result of a particular policy,’’ as Waterman and
Wood noted [1993, p. 685]. The evaluation of outputs and outcomes also
provides empirical information on hypothetical assumptions developed when
legislation is passed. Frequently the consequences of legislation may be differ-
ent than the presumptions made when passed. The challenge of evaluation is
recognizing and accounting for both the intended and unintended—or second-
ary—consequences of government policies and programs. Measurement of
success or failure becomes increasingly germane when the objectives of govern-
ment policies and regulations—particularly environmental command and con-
trol regulations—are scrutinized from this perspective.

In this case, evaluating the specific effects of the LDR program on waste
reduction can determine whether congressional intent that economic factors
would encourage waste reduction in fact occurred. Congress mandated that
hazardous waste generators move away from a traditional land disposal regime.
Generators would be forced to look ‘‘upstream’’ at management options per-
ceived to be less risky (like incineration) but more expensive than land disposal.
As generators evaluate more expensive ‘‘end-of-pipe’’ management options,
they may investigate source reduction as a viable alternative. Congress and
the EPA have yet to mandate specific waste reduction measures; rather, both
have taken a voluntary approach. An evaluation of the economic consequences
of the LDR program can assist in determining whether that is an acceptable
policy.3

Much has been written on the implementation and adoption of environmen-
tal policies (outputs). Ironically, however, little empirical research has focused
on the outcomes of these environmental policies. Ringquist [1995] and Freeman
[1982] have investigated air and water quality. Regarding outcomes of hazard-
ous waste policy, Deyle and Bretschneider [1995] examined spillover effects
of state policy that preceded federal hazardous waste legislation. Specifically,
they examined New York’s land disposal restrictions (passed prior to the federal
LDR program) and its tax linked to management technology on in-state gener-
ated as well as imported hazardous waste. They concluded that an increase in
the state tax appears ‘‘to have discouraged imports to in-state landfills,’’ and
that the land disposal restrictions increased ‘‘waste shipments to other states’’
and a shift to other management technologies (p. 103). Their study is thorough

LDR program as a major hazardous waste regulatory change with an underlying economic prin-
ciple.
3 There is some evidence to support the assertion that the LDR program proved instrumental in
waste reduction [see Barkenbus and Barkenbus, 1989].
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in its analysis of a state policy that preceded federal legislation and the effects
beyond New York. It did not, however, focus on waste reduction per se, although
they acknowledge that there is indirect evidence that state policies prompted
waste reduction. Deyle and Bretschneider [1995] focused on innovative and
progressive state policy. However, not all states were at the forefront of environ-
mental policy; hence, the need for federal legislation. This article concentrates
on an outcome of one set of federal regulatory policies: those pertaining to
hazardous waste generation and management and the consequence for reduc-
tion efforts.

HAZARDOUS WASTE REDUCTION POLICY

In addition to promoting waste reduction in HSWA, Congress explicitly ad-
dresses waste reduction in the Pollution Prevention Act of 1990 by clearly
expressing its encouragement of and support for waste reduction. The EPA
has created an Office of Pollution Prevention, and several EPA-lead voluntary
reduction programs are in place.

States have also been active in calling for hazardous waste reduction [Style,
1993–1994; Sullivan and Floyd, 1991]. At the federal and state levels, however,
there have not been mandatory waste reduction requirements. Generators are
left to devise schemes that reduce waste generation; this nonintrusive tone is
clear in the federal Pollution Prevention Act as well as state legislation.

With emphasis on hazardous waste reduction as a voluntary public policy,
it is particularly important to analyze the outcomes. It is also crucial to evaluate
a reduction in hazardous waste generation through a deliberate process, not
merely comparing generation numbers with little consideration of intervening
factors. The crux of an evaluation process of pollution prevention is to examine
factors that motivate a firm’s decisionmaking process.

In this assessment of environmental quality, we have selected to measure
hazardous waste generation in Tennessee for 15 standard industrial classifica-
tion (SIC) codes. The measurement unit is hazardous waste generation at
the firm level as reported to the Tennessee Department of Environment and
Conservation (TDEC). There are 208 firms analyzed for the years 1985, 1987,
1989, and 1991. Hazardous waste generation is influenced by many variables
including, but by no means limited to, economic activity, price of inputs, price
of waste management services, regulatory oversight, and concerns about future
liability. Generation does not occur in a vacuum; rather, firms are components
of an interdependent, dynamic system. Moreover, it can be safely assumed
that generators are generally concerned about their competitiveness and
profitability.

We acknowledge that reduction of hazardous waste may not directly lead
to improved environmental quality. Concern has been raised about the possibil-
ity of reducing volumes of waste but not toxicity. In addition, some analysts
have argued that current policy on allowing indirect economic factors to serve
as an impetus to waste reduction (as opposed to mandatory waste reduction)
is little more than ‘‘greenwashing’’ [Gottlieb, Smith, and Roque, 1995, p. 198].
Nevertheless, it is useful to evaluate changes in hazardous waste generation as
one measure of environmental quality. Waterman and Wood [1993] succinctly
stress the importance of quantification: Hazardous waste generation can be
quantified and empirically evaluated. Moreover, hazardous waste generation
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Figure 1. Conceptual framework of hazardous waste system. Dotted arrows: indirect
effect; solid arrows: direct effect.

data have been identified as an environmental measurement indicator [see
National Academy of Public Administration, 1995; Bergquist, Bernard, and
Pable, 1995].

CONCEPTUAL FRAMEWORK FOR HAZARDOUS WASTE EVALUATION

A general framework for evaluation of hazardous waste regulation and public
policy is presented in Figure 1. This policy analysis system involves interaction
among three subsystems (the damage delivery system, the damage reduction
system, and the regulatory system), and represents the entire waste-generat-
ing sector.

Delivery System

The damage delivery system depicts the simplified decisionmaking process of
a typical hazardous waste-generating firm, but also presents a standard case
of market failure resulting from the existence of an environmental externality.
Recurrent hazardous waste generation is a direct result of the production of
goods. Prior to any regulatory intervention, a firm, in response to demand for
a product and given a set of relative prices for inputs and outputs, will choose
a production technology and supply the product to the market with the least-
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cost waste management alternative chosen. A viable alternative, of course, is
no management at all. With the environment underpriced from lack of direct
or indirect regulation of the choice of waste management technology, the
producer will not be concerned greatly with the disposal of waste unless there
is potential for inexpensive reuse or a recycle market. Waste production will
be maximized as production cost is minimized; that is, in the unregulated
state, waste is disposed in the environment relatively ‘‘free of charge.’’

As a result, the product price is below marginal social cost and the users of
the product do not pay the full cost of its production. Rather, these costs
are distributed throughout the population and through time in the form of
environmental degradation. The untreated waste is the direct cause of environ-
mental impact or damage and the negative external costs borne by society
[Barnett, 1994; Bohm, Moore, and Schmidt-Bleek, 1975]. Public perception of
these costs may be negligible when the total amounts of waste produced are
small. However, when the quantities increase and the environmental impact
and ensuing costs become more obvious, public awarneness of the danger
generally will increase (witness the Superfund program) [see Barnett, 1994].
Environmental impacts—both monetary and nonmonetary—create the pres-
sure for political action in the form of corrective laws and regulations. These
stakeholder perceptions of a problem, together with possible equity concerns,
lead to regulatory intervention.

Regulatory System

As previously discussed, two federal laws govern the recurrent generation of
hazardous waste: the Resource Conservation and Recovery Act (RCRA) of
1976 and its 1984 amendments, the Hazardous and Solid Waste Amendments
(HSWA). Generators who had previously generated waste with minimal inter-
ference, regulatory oversight, or concern with cost of waste management ser-
vices were brought into a regulatory scheme. As shown in Figure 1, the develop-
ment of corrective legislation and regulations is the most likely point of impact
for successful policy analysis.

Reduction System

Linking the delivery and regulatory systems is the damage reduction system.
Here, legislation and regulations define abatement choices, introduce compli-
ance costs, and in this case created regulated treatment, storage, and disposal
facilities (TSDFs). With respect to costs, there is the cost borne by a generator
from being regulated: bringing a generator into a full-scale regulatory system
increases manufacturing or production costs [see Bowman and Davis, 1989].
In addition, there is the cost of the required treatment and disposal itself.

As indicated in Figure 1, hazardous waste generators are now faced with a
choice. On the one hand, they could engage in waste reduction and alter their
production technology. Alternatively, if treatment and disposal costs are low,
the waste generated from relatively unchanged production processes will either
be recycled or reused, or more commonly be set to a TSDF. In many instances,
prior to HSWA, hazardous waste was sent to land disposal units.

This could be the end of the story if there is significant reduction in damage
and if the compliance cost is modest. On the other hand, if the abatement
system is inadequate or there is still a perception of danger, a demand for
more stringent public policy will be generated. In the chronology of hazardous
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waste regulation, this is the point at which HSWA is introduced into the
regulatory system.

The pre-HSWA system is a clear example of an end-of-pipe solution to an
environmental problem, that is, the impetus for waste reduction was nil and
action takes place after the agents causing damage are produced. In fact,
because these end-of-pipe regulations permitted inexpensive and apparently
ineffective land disposal, environmental impacts may not be much different
than existed before RCRA. However, the situation changes radically with the
introduction of the LDR provisions under HSWA.

Moving through the reduction system a second time, generators are now
faced with increased waste management costs that are greater than the cost
differential between land disposal and the next least expensive management
option. Other things equal, the LDR program provides a powerful incentive
to reduce waste directly or to recycle/reuse, when feasible. More technically,
the relative price of waste reduction and recycle/reuse has fallen encouraging
generators to consider upstream solutions to their hazardous waste problems.

A MODEL OF WASTE GENERATION AT THE FIRM LEVEL

At the aggregate level, the logic of the policy analysis framework presented in
Figure 1 suggests that the effect of the LDRs will be to reduce hazardous
waste generation. As discussed earlier, this result would be congruent with
congressional intent. At the microlevel, however, the validity of this hypothesis
rests on the reaction of generators to such changes in waste management
policy vis-a-vis other factors that influence the firm’s decisionmaking process.
Whether the firm chooses to introduce new procedures, inputs, or production
methods designed to reduce the amount of waste generated per unit of output
will depend upon relative costs. If regulatory constraints or market conditions
change so as to increase the final costs of end-of-pipe waste management,
firms would likely weigh this effect against the costs of more waste reduction.

Indeed, firm behavior under these conditions can be specified as a general
profit-maximization problem.4 Assume a single representative firm, producing
a single good, operates within a perfectly competitive market. With factor
markets assumed to be competitive as well, both input prices and the price of
output are exogenously determined. For simplicity, the production process
generates a single stream of hazardous waste the firm must dispose of in
compliance with existing regulations. The analysis is easily extended to vectors
of goods, waste streams, and prices. A market for waste management services
exists and also is assumed to be perfectly competitive. In addition, government
regulations may affect waste management market conditions; consequently,
the management price reflects a given state of regulation.

The representative firm chooses the level of output and waste reduction, or
abatement, expenditures which maximize profits when the output price, state
of regulation, and waste management price are given. Explicitly the firm’s
maximization problem can be specified as follows:

4 The abbreviated derivation which follows in the text represents the application of standard
economic theory to the problem at hand. See Varian [1992, especially chapters 2 and 27]. The
comparative statics are included to demonstrate the theoretical foundations of the empirical work
that follows and to establish the basis for interpreting results. The complete mathematical exercise
will be provided to interested readers upon request.
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MAXXA: P 5 pX 2 C(X, A) 2 qW(X, A) (1)

where X is total output; A is waste abatement expenditures; P is total profits;
p is the price of output; C is a total cost function, dependent upon the level of
output and abatement expenditures; q is the per unit waste management price;
and W is the waste generation function, which is dependent upon the level of
output and abatement expenditures.5 Assuming an interior solution, the first-
order conditions for a maximum are:

Cx 5 p 2 qWx (2)

CA 5 2qWA (3)

where subscripts represent partial derivatives. Equation (3) shows that the
firm will choose output and abatement such that marginal abatement costs
are equal to the marginal benefits of waste reduction, that is, the negative of
waste management price multiplied by the marginal product of abatement.
From equations (2) and (3), the optimal levels of output, X*, and abatement,
A*, can be determined. The general functional forms are shown as:

X* 5 h(p, q) A* 5 g(p, q)

Substituting X* and A* into W in equation (1) gives the optimal generation
of waste:

W* 5 W*(X*, A*) (4)

In addition to the relationships WX and WA, expected to be positive and negative
respectively, the effect of changes in the management price on waste generation
is also of particular interest. Differentiating equation (4) with respect to q, the
following expression is obtained, dropping the * superscripts for convenience:

Wq 5 (WX)(Xq) 1 (WA)(Aq) (5)

Equation (5) will be unambiguously negative if Xq is nonpositive, and Aq is
positive. By totally differentiating the first-order conditions, it can be shown
that the required signs on the two previous terms will be realized if the following
result holds:

CXA 1 qWXA $ 0 (6)

Intuitively marginal costs of producing output X should increase at higher
levels of abatement expenditures, whereas waste generated per unit of output
should fall as abatement increases.6

From our analysis, it is clear that there is some uncertainty as to the effect
of higher waste management prices on waste generation. The outcome will
depend upon the relative effects of abatement on marginal production costs

5 The following relationships are assumed a priori:

CX . 0, CXX . 0, CXA . 0, CA . 0, CAA . 0,

WX . 0, WXX 5 0, WXA , 0, WA , 0, WAA . 0,

with subscripts representing first and second partial derivatives.
6 The first term in equation (6) is the rate of change in marginal production costs with respect to
a change in abatement expenditures, whereas the second term expresses the value of the marginal
rate of waste generation with respect to a change in abatement expenditures.
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and marginal waste generation, for any given management price. However,
whenever marginal waste management costs are higher than marginal abate-
ment costs, including any additional marginal production costs, an increase
in abatement efforts would be expected.

The net effect of the impact of the price of waste management services on
hazardous waste generation can be viewed as an empirical question. Based
on equation (4), an empirical model of firm-specific waste generation can be
expressed in general form as follows:

Wi, j,m,n,t 5 f [Pm,n,t; Yi, j,t; Rm,t; Ij,t; Fj,t; ut] (7)

where Wi, j,m,n,t is the amount of waste generated by firm i, in industry j, of waste
code m, subject to management method n, in year t, and where:

Pm,n,t is the price of managing waste code m by method n in year t;
Yij,t is the output (value added) of firm i in industry j in year t;
Rm,t is the regulatory structure covering waste code m in year t;
Ijt is industry-specific factors for industry j in year t;
Fi,t is firm-specific factors for firm i in year t; and
ut is a stochastic disturbance term.

Note that the waste generation variable is specific with regard to waste code
and waste management method as well as industry, firm, and time. The price
effect is represented by both the regulatory variable and specific waste manage-
ment prices. This specification allows regulatory changes to have impacts upon
firm behavior even if there are no changes in current year waste management
prices. Output effects, as well as industry- and firm-specific conditions, are
controlled for by the remaining variables. The latter two variables serve as
proxies for unobservable or confidential factors such as prices of different
factor inputs, costs of various abatement strategies, and firm-specific produc-
tion levels.

The variables of particular interest are waste management price P, the regula-
tory regime R, and output Y. The relationship between waste generation and
output is expected to be positive, while the effects of both waste management
price and regulatory incidence are expected to be negative. The expected signs
of P and R reflect the hypothesis that the policy framework presented in Figure
1 is operational as described (that is, congressional intent is fulfilled) and that
the inequality in (6) is as shown.

DATA SOURCES AND VARIABLE SPECIFICATION

A panel of hazardous waste-generating firms in Tennessee over the years 1985,
1987, 1989, and 1991 has been constructed to estimate the model. In equation
(7), the dependent variable is written to reflect the richness of the data available
from TDEC. The RCRA defines hazardous waste in generic (characteristic)
terms (such as ignitable, corrosive, reactive, or toxic) and lists specific wastes
and waste streams (for example, lead, wastewater treatment sludges from
electroplating operations, and the like). These hazardous wastes are classified
by an EPA waste code [see Code of Federal Regulations (CFR) §§ 261.21–24
(characteristic wastes) and §§ 261.30–34 (listed wastes)]. All Tennessee firms
generating more than 100 kilograms of hazardous waste per month are man-
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Table 1. Manufacturing standard industrial classification (SIC) codes.

SIC code Description

20 Food and kindred products
22 Textile mill products
24 Lumber and wood products, except furniture
25 Furniture and fixtures
26 Paper and allied products
27 Printing, publishing, and allied industries
30 Rubber and miscellaneous plastics products
32 Stone, clay, glass, and concrete products
33 Primary metals industries
34 Fabricated metal products, except machinery and transportation equipment
35 Industrial and commercial machinery and computer equipment
36 Electronic and other electrical equipment and components, except com-

puter equipment
37 Transportation equipment
38 Measuring, analyzing, and controlling instruments; photographic, medical,

and optical goods; watches and clocks
39 Miscellaneous manufacturing industries

dated to file reports with the TDEC. Every generator must submit a hazardous
waste stream report form for each waste stream generated in a calendar year.7

The form requires a firm to report the EPA waste code (e.g., D008, F006),
waste name (e.g., lead, electroplating sludge), hazard criteria (e.g., ignitable,
corrosive), and physical form (e.g., percent solid, percent water), among other
things. In addition, generators are required to include in the hazardous waste
stream report form the on-site and off-site management of the waste (for
example, incineration, solvents recovery, and neutralization). Any combination
of on-site and off-site management is incorporated into the form for tracking
management of the total volume generated.

The TDEC data derived from the hazardous waste stream report forms are
the source of all generation data used in this study. It was reviewed for all
firms with continuous operations and nontrivial generation; that is, generation
of hazardous waste over the entire seven-year period, and generation of at
least 10 tons of waste in the initial year of analysis, in 15 different SIC codes
(see Table 1). Admittedly, restricting the first year’s generation to more than
10 tons tends to limit the analysis to larger firms. The continuous generation
requirement over the study period also is restrictive. A waste generation of
zero could occur due to process change, material substitution, business closure,
or failure to report. The first three are behavioral changes that could occur
due to the imposition of the LDR. If included in our analysis, the results would
no doubt be strengthened. On the other hand, if the reason for W 5 0 is failure
to report, we would claim waste reduction when none has occurred. Because
it is not possible to determine the exact cause of W 5 0, we chose continuous
generation. The result is a sample of 208 firms.8 For each year, the amount of

7 The forms used by TDEC are extensive in their data gathering capability and exceed the minimum
requirements set out in the EPA’s biennial report forms.
8 As can be observed in Table 1, SIC 28 (chemical products) is omitted. This is due to the domination
of a single large firm in this industrial sector.
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waste generated, waste code classification, and management can be observed
for each firm. The following management methods are covered: solvents recov-
ery, energy recovery, stabilization, incineration, wastewater treatment, waste-
water sludge treatment, and direct landfill.9

A per-ton management price, for each of the four periods covered, is associ-
ated with each management method. These data reflect average market prices
charged by TSDFs for managing waste, exclusive of transportation costs and
host state-imposed fees. They are method (e.g., incineration) and year specific
(e.g., 1985), but do not vary by waste code and have been obtained from several
sources including ICF’s national survey conducted for the EPA, Peretz and
Solomon’s survey, and various other surveys [ICF, 1992; Peretz and Solomon,
1995; Ed Martin, personal communication, 1994; Kathy Rees, personal com-
munication, 1994; Brett Schofield, personal communication, 1994; Karen Tal-
ley, personal communication, 1994; Kathleen D. Ward, personal communica-
tion, 1994]. In those cases where waste management prices were collected
from several sources (like several energy recovery facilities), mean values are
used. Nominal prices per management method are entered into the data set
as an index relative to the 1985 landfill price.

To be sure, the use of average market price data is not ideal, but is the
best available alternative. Final waste management prices are derived through
negotiation between the waste management firm and the hazardous waste
generator and are considered confidential. This detail is lost in a set of average
prices. However, average prices can be expected to capture the general trend
in the cost of hazardous waste management services which is the essential
characteristic of price of interest in this analysis. Even capturing this trend,
however, cannot avoid the obvious mismeasurement of the price variable, a
clear limitation to our analysis, and a factor that can be completely ignored
only if assumptions regarding perfect competition hold in the extreme [Greene,
1993; Kennedy, 1994].

The regulatory structure analyzed is the incidence of the LDRs contained
in HSWA [CFR, 1992]. The initial restriction on land disposal—the prohibition
on placing noncontainerized or bulk liquid hazardous waste in any landfill—
was effective in May 1985. After that, the LDR program was phased-in through
five stages. Land disposal of spent solvents and dioxin-containing wastes was
prohibited effective 24 months after HSWA’s passage; land disposal of the so-
called California-listed hazardous wastes was prohibited effective 32 months
after passage. The HSWA required that all remaining hazardous wastes be
divided into three groups based on their ‘‘intrinsic hazard and their volume’’
[HSWA, § 201(g)(2)]. These groups—commonly known as the first, second,
and third ‘‘thirds’’—were banned from land disposal 45, 55, and 66 months,
respectively, after passage of HSWA. The variable R in equation (7) is specified
as a discrete dummy variable that takes the value one for all years in which a
waste code is covered by the LDRs, and is zero otherwise. This specification
takes explicit account of the phase-in of LDRs in the years following the passage
of HSWA.

Generally, firm-level output data are not available. Two proxies have been
experimented with to represent the variable Y in equation (7). These are annual

9 With the possible exception of stabilization, these terms are self-explanatory. In lay terms, stabili-
zation refers to increasing the volume of a waste stream through the addition of a solidification
element, such as cement.
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nominal gross state product (GSP) originating by two-digit SIC industry and
annual nominal total GSP. Both variables are available annually [Fox and
Price, 1994]. Although a more disaggregated specification would appear prefer-
able from a theoretical point of view, these aggregate forms appear to be
satisfactory substitutes in capturing broad changes in the level of economic
activity. Interestingly, total GSP performs slightly better than GSP originating
by industry and is the specification reported in the results presented later.

The variable I is intended to take account of unspecified industry-specific
factors which affect waste generation. A separate dummy variable is defined
for each SIC industry. These 15 variables take the value one for all observations
within that industry and are zero otherwise. The industry with the largest
generation in the sample, SIC 34, is used as the reference industry for estima-
tion purposes. Likewise, the variable F takes account of unspecified firm-
specific factors. There is one variable for each firm in the data set. It takes the
value one for observations on that firm’s generation and is zero otherwise. The
firm with the largest generation in the sample is omitted for estimation
purposes.

EMPIRICAL MODEL SPECIFICATION

For estimation purposes, two aggregations of the data are considered. In one
case, waste generation amounts are summed by waste code. In the second, they
are summed by waste code and management method.10 The first aggregation
isolates waste codes while allowing variation in treatment methods across
firms and over time. It specifically captures industry and firm responses to the
elimination of direct landfill as a disposal option. Management price, as a
determining factor, is attenuated. It is expected that regulation will show a
stronger impact on waste generation than direct prices. In the second aggrega-
tion, waste generation is summed over management method as well as waste
code. Because the method of management does not change over the entire
time period, price effects are highlighted over changes in treatment options.
Regulation enters as an indirect factor, but is still expected to be significant.

An additional ‘‘aggregation’’ issue must be considered. The variables I and
F cannot be other than highly collinear. The firm-based variable is the more
comprehensive of the two, as it would seem inconceivable to eliminate industry
factors from the firm’s decisionmaking matrix. Thus, an empirical model which
includes only the variable F would capture both industry and firm effects,
albeit jointly. The existence of industry-only effects can be tested somewhat
by summing over firms to the industry level, that is, by including only the
variable I. If industry effects are important, a model including I would have
improved explanatory power over a model without I or F. The existence of
independent firm-level effects (in addition to industry-level effects) would seem
a plausible conclusion if the explanatory power of a model with the variable
F only exceeded that of a model with the variable I only.

10 These aggregations have both a theoretical and a practical basis. Theoretically, the model defined
by equations (1) through (6) focuses on the total waste management decision of the firm. Additional
factors would have to be considered in order to extend the model to the individual waste code level.
On the practical level, most individual waste codes would violate the annual amount constraint of
10 tons per year. The determinants of individual waste code management decisions are not
unimportant, however, and will be the subject of future analysis by the authors.
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Four empirical models are available for estimation based on these aggrega-
tions. An ‘‘industry’’ model (I 5 1 . . . q):

W1,2 5 a 1 b1Yt 1 b2Pn,t 1 b3Rm,t 1 b4I1,t 1 ? ? ? 1 bKIq,t (8)

where W1 represents Wj,m,t for the aggregation over waste codes (Industry Model
1), and W2 represents Wj,m,n,t for the aggregation over waste codes and manage-
ment method (Industry Model 2); and a ‘‘firm’’ model (F 5 1 . . . z):

W1,2 5 a 1 b1Yt 1 b2Pn,t 1 b3Rm,t 1 b4F1,t 1 ? ? ? 1 bKFz,t 1 ut (9)

where W1 represents Wi,m,t for the aggregation over waste codes (Firm Model
1), and W2 represents Wi,m,n,t for the aggregation over waste codes and manage-
ment method (Firm Model 2). In all cases the restriction of nontrivial continu-
ous generation has been imposed. The two industry models capture 98.6 per-
cent and 93.7 percent of total generation, respectively, whereas the two firm
models capture 87.2 percent and 82 percent of total generation, respectively.

EMPIRICAL RESULTS

The two empirical models set out in equations (8) and (9) are examples of
the fixed-effects model used frequently in panel data analysis.11 Initial OLS
estimates of equations (8) and (9) in linear form were examined for nonspheri-
cal disturbances and multicollinearity, and a problem with heteroskedasticity
was discovered. This was corrected by transforming the dependent variable
W to lnW and reestimating equations (8) and (9) with OLS in semilog form.12

Regression results are presented in Table 2 (Industry Model) and Table 3
(Firm Model). In both cases, estimates are shown with and without the fixed-
effects variables.

In general, results are quite robust. Table 2 shows that the variables R, P,
and Y all have the expected sign and are statistically significant at normally
acceptable levels. The magnitudes of the coefficients for these variables do not
change dramatically with the inclusion of industry fixed effects. Nine of the
industry dummy variables are statistically significant in both Industry Model
1 and Industry Model 2. The coefficient for SIC 35 is significant in Industry
Model 1 only. All of the significant fixed effects are negative with respect to
SIC 34, the reference industry, that is, the regression plane for SIC 24, SIC 25,
and the like is below that of SIC 34. However, this is not a surprising result
given the fact that SIC 34 is the largest hazardous waste generating sector in
the sample.

In comparison to the industry model, results from estimating the firm model
are not as consistent. As shown in Table 3, the price variable is not statistically
significant in Firm Model 2, although it is of the correct sign, whereas Y is
significant only once and has the incorrect sign in Firm Model 2 in the fixed-

11 The fixed-effects model is the appropriate choice in this case as the sample of firms would be
the same in repeated draws. All observations that meet the restriction of nontrivial continuous
generation are retained [see Baltagi, 1995, especially chapters 2 and 3].
12 Two standard options are available for dealing with heteroskedasticity: weighted regression and
altering the functional form. The latter approach has been chosen because no set of appropriate
weights could be justified on theoretical grounds. In addition, data limitations hindered an ad
hoc approach [see Greene, 1993, especially chapter 14].
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Table 2. Estimates of fixed-effects industry model.

Without fixed effects With fixed effects

Variable Model 1 Model 2 Model 1 Model 2

Intercept 3.199*** 3.525*** 4.749*** 5.230***
(1.124) (1.300) (1.027) (1.199)

R 21.318*** 21.463*** 21.075*** 21.341***
(0.361) (0.417) (0.319) (0.374)

P 20.008*** 20.010*** 20.006*** 20.014***
(0.002) (0.003) (0.002) (0.003)

Y 0.042** 0.036** 0.033** 0.039**
(0.015) (0.017) (0.013) (0.015)

SIC 20 — — 1.508 1.376
(1.041) (1.210)

SIC 22 — — 20.130 20.045
(1.043) (1.207)

SIC 24 — — 23.042*** 23.360***
(0.065) (0.765)

SIC 25 — — 22.378*** 22.518***
(0.504) (0.638)

SIC 26 — — 21.166** 22.378***
(0.583) (0.637)

SIC 27 — — 20.944* 21.403**
(0.481) (0.577)

SIC 30 — — 21.733*** 22.812***
(0.540) (0.631)

SIC 32 — — 23.717*** 24.560***
(0.539) (0.894)

SIC 33 — — 0.391 0.326
(0.446) (0.576)

SIC 35 — — 21.809** 0.667
(0.649) (1.265)

SIC 36 — — 21.539*** 22.472***
(0.504) (0.577)

SIC 37 — — 0.215 20.697
(0.434) (0.509)

SIC 38 — — 20.848 20.722
(0.650) (0.894)

SIC 39 — — 22.107*** 22.888***
(0.537) (0.688)

R2 0.081 0.078 0.313 0.279
df 316 280 302 266

Notes: Standard errors are presented below estimated coefficients. Model 1 aggregates across
waste codes only. Model 2 aggregates across waste codes and management methods.

* Significant at the 0.10 level of confidence.
** Significant at the 0.05 level of confidence.

*** Significant at the 0.01 level of confidence.

effects form. Still, the results presented in Table 3 are encouraging, particularly
with respect to the regulatory variable which is consistently negative and statis-
tically significant. Although the coefficients of the firm fixed-effects variables
are not shown to conserve space, the individual firm coefficients that are
statistically significant at the 0.10 percent level or better range in value from
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Table 3. Estimates of fixed-effects firm model.a

Without fixed effects With fixed effects

Variable Model 1 Model 2 Model 1 Model 2

Intercept 3.572*** 3.437*** 10.516*** 11.203***
(0.825) (1.292) (1.064) (1.086)

R 21.153*** 21.807*** 20.698*** 20.643**
(0.264) (0.412) (0.231) (0.290)

P 20.003*** 20.006 20.002*** 20.003
(0.001) (0.005) (0.001) (0.005)

Y 0.017 0.030 0.004 20.004*
(0.011) (0.017) (0.010) (0.011)

R2 0.055 0.079 0.508 0.724
df 564 292 456 184

Notes: Standard errors are presented below estimated coefficients. Model 1 aggregates across
waste codes only. Model 2 aggregates across waste codes and management methods.

a Coefficient estimates for individual firm dummy variables are available from the authors.
* Significant at the 0.10 level of confidence.

** Significant at the 0.05 level of confidence.
*** Significant at the 0.01 level of confidence.

22.116 to 29.566 in Firm Model 1 (relative to an intercept of 10.515) and
from 21.882 to 29.177 in Firm Model 2 (relative to an intercept of 11.203).
All coefficients are negative in both firm models. In Firm Model 1 only 3 of
138 coefficients are not statistically significant at the 0.10 level or better,
whereas the comparable result for Firm Model 2 is 4 of 70.

There would appear to be both industry and firm fixed effects influencing
hazardous waste generation. A comparison of the adjusted R2 across estimates
shows a considerable increase with the inclusion of the fixed-effects variables.
In particular, the sequence of the increase from estimates without fixed effects
(lowest) to estimates with industry fixed effects and then estimates with firm
fixed effects (highest) supports the hypothesis of independent firm-level influ-
ences that affect the amount of hazardous waste generated. The magnitude
and level of statistical significance of the vast majority of the firm variables in
the firm model would appear to support this hypothesis also.

If the decision by a firm to generate more or less hazardous waste is greatly
determined by unique industry and firm conditions, is there a role for public
policy? Certainly the result that generation is positively related to GSP supports
the hypothesis, all other things being equal, of more output, more waste.
However, the variables of greatest policy potential are the price variable and,
in particular, the regulation variable. Table 4 presents results which highlight
the impact of these variables on hazardous waste generation based on the four
fixed-effects estimates presented in Tables 2 and 3. These results are evaluated
at the means of the continuous variables for the reference case of each model
listed in column one of the table. Column 2 shows the average percentage
decrease in hazardous waste generation by a firm as its waste becomes covered
by the LDRs.13 These percentages range from 47.4 percent (Firm Model 2) to

13 The percentage decrease in the variable W cannot be computed directly from the estimates
presented in Tables 2 and 3 as the expected value E(lnW) is less than lnE(W) by Jensen’s inequality
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Table 4. Impact of land disposal restrictions (LDRs) and management price on genera-
tion of hazardous waste.a

Model Reduction due to LDRs (%) Price elasticity

Industry Model 1 65.8 20.888
Industry Model 2 73.8 21.728
Firm Model 1 50.2 20.369
Firm Model 2 47.4 b

a Evaluated at the means for reference case.
b Estimated coefficient not significantly different from zero.

73.8 percent (Industry Model 2). Reductions such as these, based on highly
significant coefficients of a carefully specified LDR variable, are nothing short
of spectacular and attest to the apparent power of this form of regulation. The
management price elasticity is derived from the coefficient of the variable P
and presented in Table 4, column 3 [Goldberger, 1964]. The price variable is
statistically significant in three of the four cases and the elasticity ranges from
just below unity to 21.728 in the industry models, to 20.369 in the case of
Firm Model 1. Particularly in the case of the firm model, it would appear that the
price variable takes something of a back seat in comparison to the regulatory
variable. Both the weakness of the price variable in the firm model and the
difference in the magnitude of the coefficients in the firm model versus the
industry model can, in part, be attributed to measurement error as noted
earlier. On the other hand, the regulation variable undoubtedly captures most
of the price effect in the model, as available management alternatives after
the LDRs take effect imply a large shift in management prices facing generators.
The remaining variance in generation to be explained by price is merely the
relative price effects of the available management technologies over time. Even
after accounting for the severe price shock reflected by R, these relative price
effects retain importance in determining waste management behavior.

CONCLUSIONS

Many environmental policy researchers have lamented the difficulties in as-
sessing the effects or outcomes of environmental regulations [Bartlett, 1994;
Rosenbaum, 1995, p. 75]. Although we generally agree, we suggest that policy
analysis affords the opportunity to evaluate whether the expectations of legisla-
tive action and public policy in fact lead to results envisioned by policymakers.
In particular, our analysis indicates that HSWA’s emphasis on deterring the
use of land disposal for untreated hazardous waste also leads to waste reduction
because of an increase in waste management costs faced by hazardous waste
generators. Thus, the legislative intent implicit in our hazardous waste evalua-
tion system is fulfilled, namely, that the LDR program creates economic incen-
tives sufficient to alter waste generation behavior.

Specifically, the results of our statistical analysis show that the LDR regula-
tions have a sizable negative impact on hazardous waste generation in Tennes-

[White, 1984, p. 27]. The correction given by Pankratz [1983, pp. 256–257] is used. On lognormal
distributions in general see also Evans, Hastings, and Peacock [1993, especially pp. 102–105].
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see. The signs of the coefficients in the empirical analysis support a priori
expectations and are consistent with our theoretical analysis. Although it can-
not be said with certainty that equation (6) holds, the implication is that, for
this set of industries over this time period, it does. In addition to the effect of
the LDRs, waste management price can be a significant factor in reducing the
amount of hazardous waste generated while output growth, all other things
being equal, leads to more.

On the other hand, it would appear that the waste reduction decision is highly
firm specific, which has implications for future waste reduction evaluation
programs undertaken at the state and federal level. To date, voluntary participa-
tion studies have focused on industrial sectors or on parent companies [see,
for example, Arora and Cason, 1995, p. 278; Press and Mazmanian, 1977]. Our
findings suggest that there are both industry- and firm-specific factors at work.
Each firm has its own unique set of circumstances, even across industrial and
parent (that is, non-Tennessee) companies.

The two clear results of this study—the waste reduction effect of the LDRs
and the importance of firm-specific effects—are seminal in the realm of mea-
suring the impact of an environmental public policy. In addition, the effects
are transmitted by the market albeit originating with the strongest of command
and control regulations, namely, a ban. In an era where the abandonment
of command and control approaches is often advocated in favor of market
mechanisms, such as environmental taxes and permit schemes, it is a prudent
lesson to learn that at least one regulation has an important economic dimen-
sion that operates through the market as well.

Future research should focus on whether the economic influence imbedded
in the LDR program continues to hold; the emissions versus toxicity question;
and an extended time-series analysis. This study, however, has clearly illus-
trated the connection among regulation, reduction, and generation. Ignoring
the interrelationships of this complex system and failing to properly measure
them will lead to the ineffective environmental policy evaluation many analysts
have feared.
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