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Spillovers of State 
Policy Innovations: 
New York's 
Hazardous Waste 
Regulatory 
Initiatives 

Robert E. Deyle 
Stuart I. Bretschneider 

Abstract 
States are often seen as policy laboratories where innovations are tried that 
may later be adopted by other states or the federal government. Engendering 
such experiments may, however, promote spillovers on other states. We 
analyze several of New York State's policy initiatives from the 1980s that were 
intended to influence the selection of waste management technologies by 
hazardous waste generators. Time series analysis of hazardous waste 
manifest data reveals that constraints on land disposal of certain wastes and 
a tax on hazardous waste generation and disposal were associated with shifts 
to lower-risk technologies for waste management. The policies also 
constrained imports to in-state land disposal facilities and may have led to 
increased exports for incineration and recycling, thus shifting some of the 
risks of hazardous waste to other jurisdictions with less stringent regulations 
or lower taxes on waste generation and management. 

INTRODUCTION 

States are often portrayed as laboratories in which policy innovation experi- 
ments are conducted [Nice, 1987; Osborne, 1988] or as "lighthouses" that 
show the way for national legislation [Rose-Ackerman, 1981]. However, state 
policies that differ substantially from those of other states can have impacts 
beyond their boundaries. These spillovers may be positive or negative [Rose- 
Ackerman, 1981; Nice, 1987]. In the environmental policy arena, negative 
spillovers are generally associated with less stringent state regulation, for 
example, where permitted emissions of volatile organic compounds (VOCs) 
and nitrogen oxides affect ozone levels in downwind states [Novello, 1992]. 
But negative spillovers can also result from state environmental regulation 
that is more stringent than that of neighboring jurisdictions. Michaels 
[1992], for instance, has argued that stringent regulatory constraints and 
lengthy permitting processes in some states have stymied efforts to expand 
existing hazardous waste management facilities or to site new ones. As a 
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result, residents in other states may bear a disproportionate burden of the 
environmental impacts associated with hazardous waste treatment and dis- 
posal. 

The power of states to regulate the environment is not derived from delega- 
tion of federal authority [McElfish, 1992, p. 6-3]. In the absence of explicit 
federal preemption, states have authority inherent in their police power to 
regulate the environment to protect public health, safety, and welfare. In 
fact, many of the federal environmental statutes, including the Clean Air Act, 
Clean Water Act, and Resource Conservation and Recovery Act (RCRA), con- 
tain formal "nonpreemption" provisions that allow states to impose regula- 
tory requirements that are more stringent than federal controls. 

Thus, many national environmental statutes have antecedents in state laws. 
In some cases, such as the Air Quality Act of 1967, the 1970 Clean Air Act 
Amendments, and the Water Pollution Control Act Amendments of 1972, 
federal legislation was enacted to counter the ineffectiveness of state environ- 
mental controls, including the negative spillovers of interstate air and water 
pollution [Reed et al., 1992; Stever et al., 1992]. In other cases, such as the 
adoption of federal air emission standards for mobile sources [Novick, 1992] 
and the Toxic Substances Control Act of 1976 [Outen and Hart, 1992], na- 
tional legislation was designed to reduce or avoid the burdens on interstate 
commerce of inconsistent state regulatory requirements. 

States have, however, served as laboratories in the development of some 
federal environmental management policies. The Surface Mining Control 
and Reclamation Act of 1977, for example, was modeled on a 1976 Pennsylva- 
nia statute [McElfish, 1992]; the 1980 Comprehensive Environmental Re- 
sponse, Compensation and Liability (Superfund) Act was based largely on 
New Jersey's Spill Compensation and Control Act [Rabe, 1991]; and the 
scoping requirements of the National Environmental Policy Act were mod- 
eled after requirements in Massachusetts's environmental impact law 
[McElfish, 1992]. More recently, initiatives by states such as California and 
New York to restrict the land disposal of wastes thought to pose greater risks 
of groundwater contamination served as models for the land disposal bans of 
the 1984 Hazardous and Solid Waste Amendments (HSWA) to the Resource 
Conservation and Recovery Act (RCRA) of 1976. 

In this article we analyze several of New York State's hazardous waste 
policy initiatives from the 1980s as examples of state policies that preceded 
or differed from federal policies and that may have had impacts beyond the 
state itself. Specifically, we examine policies that were intended to influence 
the selection of waste management technologies by hazardous waste genera- 
tors. Using time series analysis of hazardous waste manifest data from June 
1982 through February 1987, we look at how effective the policies were in 
achieving their specific state policy goals and at their influence on interstate 
commerce in the hazardous waste market. 

The next section provides background on the salient factors that may influ- 
ence hazardous waste generators' choices of waste management technology. 
This is followed by a detailed discussion of the key policy initiatives expected 
to influence management and interstate transport of hazardous waste. Spe- 
cific hypotheses are then presented, followed by analysis of several time 
series models. The models measure the effects of the state's policy interven- 
tions on intra- and interstate shipments of hazardous waste to facilities 
where one of four different management technologies is applied: (1) land 
disposal; (2) treatment; (3) incineration; or (4) recycling. 
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FACTORS INFLUENCING HAZARDOUS WASTE GENERATION AND DISPOSAL 

Hazardous waste generation is directly proportional to the production of 
goods and services in most industries, except where it results from episodic 
events such as spills or the overhauling or shutdown of a production facility. 
There should, therefore, be a correlation between economic activity and the 
total volumes of hazardous waste produced. Generator decisions about how 
to manage hazardous wastes will be influenced by the costs of transportation 
and management. Some generators manage wastes at their own "captive" 
treatment, recycling, or disposal facilities (TRDFs). Some corporations ship 
wastes from multiple manufacturing plants to a single captive TRDF. Wastes 
managed on-site are not included in the manifest database unless the waste 
must be transported across a public highway to get from the place of genera- 
tion to the TRDF. 

Transportation costs do not vary greatly by waste type or choice of han- 
dling method and have not changed dramatically in recent years. They 
ranged from $0.08 to 0.17 per ton-mile in 1983, but since 1985 they have 
ranged from $0.18 to 0.23 per ton-mile [ICF Inc., 1985, 1988]. Their impor- 
tance compared to treatment or disposal costs varies considerably, but it has 
declined in recent years for some management technologies where manage- 
ment costs have increased at a more rapid rate. For a land disposal shipment 
traveling a distance of 300 miles in 1983, for example, transportation costs 
would have accounted for 21-67 percent of the total costs of transportation 
and disposal; for incineration, the range would have been 25-42 percent for 
liquid wastes and 3-6 percent for solids or highly toxic wastes. In 1986, 
transportation costs would have represented 30-43 percent of the costs of 
shipping wastes 300 miles for land disposal, 10-15 percent for incineration of 
liquid wastes, and 4-11 percent for incineration of solids or highly toxic 
wastes. 

The direct costs of hazardous waste management are the fees charged by 
commercial TRDFs or the capital and operating costs of a captive facility. 
Service fees are negotiated between individual generators and operators of 
commercial TRDFs. There is, therefore, no set, published fee for a given 
waste type, handling method, or volume. Large-volume generators who pro- 
duce wastes of consistent quality, thus necessitating less testing prior to 
treatment or disposal, may negotiate substantially lower unit-volume rates 
than smaller generators or those whose waste streams vary in content. Price 
data are considered strictly proprietary and are not available for individual 
TRDFs. Annual national surveys of selected commercial TRDFs conducted 
for the federal Environmental Protection Agency (EPA) [Booz, Allen & Ham- 
ilton, Inc., 1984; ICF Inc., 1985, 1986, 1988] are the only such data in the 
public domain [Bryant, 1993; Farkas, 1993; MacMillan, 1993]. Respondents 
to the EPA surveys report a range of prices that are then aggregated to yield a 
single average range. Estimates from these surveys are presented in Table 1. 

Land disposal is consistently the least expensive management technology, 
although from 1984 on, the lower end of the recycling price range is less than 
that for land disposal. Prices for treatment vary dramatically, with the low 
end representing prices for acids and alkalis and the high end for highly toxic 
wastes. Incineration costs are lowest for clean liquids and highest for 
sludges, solids, and highly toxic wastes. 

Management service fees will be a function, in part, of the available supply 
of management capacity. The capacity of a TRDF is a function of several 
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Table 1. National average treatment and disposal costs ($/ton). 

Handling 
method 1982 1983 1984 1985 1986 1987 

Incinerate 48-720 84-744 72-1008 319-1992 372-1682 319-2054 
Recycle 60-240 34-312 (14)-720 (60)-720 79-264 91-586 
Landfill 30-75 25-90 40-150 69-140 86-154 97-166 
Treatment 12-720 14-768 14-1440 29-1440 60-842 62-842 

Source: ICF Inc. 1985, 1988. 

variables, some of which are fixed and others of which are subject to strategic 
management decisions. Throughput capacity, measured in volume per unit 
time, is a function of the physical constraints of the waste handling technol- 
ogy. For example, a hazardous waste incinerator will have a combustion 
chamber that can handle no more than a specified volume of waste per hour, 
or a land disposal facility will only be able to process so many truckloads per 
day. Landfills, because they provide the final disposal site for unprocessed 
wastes as well as the residuals from treatment, incineration, and recycling 
processes, are also limited by the total volume of permitted land disposal 
space. 

TRDF owners may choose to operate a facility at less than its maximum 
throughput capacity for various reasons. Land disposal owners, especially, 
may decide to limit the volume of wastes accepted to retain capacity as a 
hedge against regulatory delays in permitting a new facility' or to conserve 
space for residuals from other waste management services they might pro- 
vide [ICF Inc., 1988]. Regulated hazardous waste TRDFs are not required to 
report operating capacities to state or federal regulatory agencies. Capacity 
data, therefore, consist only of occasional surveys, such as EPA's annual 
surveys of selected TRDFs. 

EPA's surveys indicate that most commercial facilities do not operate at 
full capacity. In 1985, for instance, surveyed incineration facilities operated 
at 85 percent of throughput capacity, chemical and biological treatment 
facilities at 42 percent, and recycling facilities at 47 percent [ICF Inc., 1988]. 
Surveyed land disposal facilities were utilizing only 6 percent of permitted 
landfill space in 1985. 

The only systematic data available on TRDF capacity are the numbers of 
operating facilities at given points in time. Table 2 presents the numbers of 
permitted commercial and captive facilities that received wastes in New 
York State for the period of analysis (June 1982 through February 1987),2 
plus an estimate of the percentage of manifested waste managed by commer- 
cial and captive facilities for each year and handling method. Reliable data 

I A land disposal operation may consist of several different landfills on a common site that were 

permitted at different points in time. Each will have a separate facility identification number 
issued by the federal EPA. 
2 Facility numbers for 1987 may be underestimates because the data base only includes transac- 
tions for the first two months of the year. Some operational TRDFs might not have received 

shipments by that date. 
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Table 2. Numbers of permitted in-state TRDFs by handling method and year. 

Number Total 
of Percentage Number of Percentage number 

Handling captive waste commercial waste of 
method Year facilities handleda facilities handled facilities 

Incinerate 82 7 2 6 98 13 
83 3 3 4 97 7 
84 4 3 5 97 9 
85 5 4 5 96 10 
86 6 4 5 96 11 
87 4 4 4 96 8 

Landfill 82 2 6 3 94 5 
83 2 5 4 95 6 
84 3 6 3 94 6 
85 2 3 3 97 5 
86 2 7 4 93 6 
87 1 2 3 98 4 

Recycle 82 4 17 12 83 16 
83 0 0 13 100 13 
84 3 4 16 96 19 
85 8 24 15 76 23 
86 9 25 14 75 23 
87 5 28 9 72 14 

Treatment 82 17 44 10 56 27 
83 8 42 6 58 14 
84 9 33 8 67 17 
85 6 36 5 64 11 
86 6 47 5 53 11 
87 4 49 5 51 9 

a Percentage of waste managed by this handling method accounted for by this type of 
facility. 

for out-of-state facilities are not available from the data base used for this 
study3 or from any national data base [Hearns, 1993]. 

The numbers of incineration, recycling, and treatment facilities receiving 
shipments declined significantly from 1982 to 1983, probably because a num- 
ber of existing facilities decided to close down rather than comply with 
design and operational standards that were promulgated by EPA in 1981. 
Captive facilities handled less than 10 percent of all wastes managed by 
incineration and land disposal during this period, whereas they accounted 
for about 25 percent of wastes managed by recycling for 1985 and subsequent 
years and from 33 to 49 percent of wastes managed by treatment. 

Generator choices about hazardous waste management may also be influ- 
enced by the perceived legal risks of waste management. Federal courts have 
held that generators of hazardous waste may be held strictly liable for the 

3 The manifest data base records shipments to TRDFs. For in-state facilities, this information is 
a relatively reliable indicator of the availability of a facility. For out-of-state facilities, this is not 
necessarily so, since New York generators might decide to stop shipping to an out-of-state 
facility because of cost rather than capacity. 
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costs of remediating environmental damage from hazardous waste released 
by accident or from abandoned TRDFs, regardless of the action of other 
parties, including transporters and TRDF operators [O'Leary, 1989]. Genera- 
tors may also be held jointly and severally liable where damage cannot be 
apportioned among multiple responsible parties. This means that a single 
generator may be held liable for all of the costs of remediation. 

Concern with liability has motivated some generators to establish their 
own treatment, recycling, and disposal facilities. Others have purportedly 
switched commercial TRDFs, opting to use facilities whose design or opera- 
tions are perceived to be less risky, or have demanded the right to conduct 
their own inspections of the facilities with which they contract [Deyle, 1985]. 
Perceived legal risks have also allegedly motivated generators to shift to less 
risky treatment and disposal technologies and to reduce the volumes of haz- 
ardous waste they produce [Deyle, 1990]. 

NEW YORK'S HAZARDOUS WASTE POLICY INITIATIVES 

New York State initiated two major regulatory efforts during the 1980s that 
were intended, at least in part, to shift hazardous waste management away 
from land disposal to what were perceived to be less risky technologies. The 
first was adoption of a state superfund tax, with a rate structure keyed to 
management technology, that was assessed on the generation and disposal of 
hazardous waste. The second initiative was a series of restrictions on the land 
disposal of specific types of hazardous waste. The federal government has no 
comparable tax on hazardous waste generation and disposal, although such 
an option has been considered [U.S. Congress, OTA, 1986]. Federal restric- 
tions on land disposal comparable to those adopted by New York went into 
effect several months or years later. 

Both regulatory efforts followed the precepts of what has come to be called 
the "waste management hierarchy" [National Research Council, 1985], a 
ranking of waste management technologies by their relative risk to public 
health and the environment (see Figure 1). The principal policy objectives 
have been to limit use of the most risky technologies and to provide incen- 
tives to waste generators to use less risky technologies. Sponsors of New 
York's initiatives also suggested that by increasing the marginal costs of 
hazardous waste management, these polices might provide economic incen- 
tives for manufacturers to reduce the total amounts of hazardous waste they 
generate. Such initiatives, referred to as source reduction, are considered 
ideal because they reduce risks to human health and the environment from 

SOURCE REDUCTION 

RECYCLING 

INCINERATION 

TREATMENT 

LAND DISPOSAL 

Figure 1. The waste management hierarchy. 
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accidental releases of hazardous substances. There may, however, be signifi- 
cant costs associated with some source reduction strategies, such as substi- 
tuting a raw material or making a major change in process technology. 

Both regulatory initiatives also alter the relative costs of waste manage- 
ment alternatives. Therefore, they are likely to influence generators' deci- 
sions to use different waste management technologies available at facilities 
both within and outside New York State. If the result makes out-of-state 
disposal more economical, in-state generators are likely to ship more of their 
wastes out of New York, thus shifting some of the risks of hazardous waste 
management to the residents of other states. Out-of-state generators would 
also be less likely to transport wastes into New York for treatment, recycling, 
or disposal. Response will vary, however, depending on a generator's loca- 
tion within the state. The two major commercial land disposal facilities, for 
instance, are located in the Niagara Falls area in western New York. Mar- 
ginal increases in the cost of using in-state land disposal facilities might 
cause generators in downstate New York to shift to a land disposal facility in 
New Jersey or Pennsylvania, while upstate generators might still find it more 
economic to use the in-state facilities, or they might decide to shift to a less 
expensive management alternative. 

The State Superfund Tax 

New York's superfund tax was enacted in 1982, primarily to generate reve- 
nue to cover the state's share of remediating abandoned hazardous waste 
disposal sites under the federal Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) and to remediate additional sites 
that did not qualify for federal funds. The tax is assessed on hazardous wastes 
generated in the state, regardless of where they are ultimately disposed, and 
on any wastes imported into the state for incineration, treatment, or dis- 
posal. As shown in Table 3, different tax rates are assessed depending on the 
choice of waste management technology. Note that there is no tax on recy- 
cling. One of the objectives of this differential rate structure was to provide 
an economic incentive for generators to use lower-risk waste management 
technologies. It was also hoped that the resulting overall increased costs of 
hazardous waste management might stimulate source reduction efforts by 
New York generators. 

Land Disposal Restrictions 

Restricting use of land disposal, which is usually the lowest-cost waste man- 
agement technology, has been the cornerstone of public initiatives to reduce 

Table 3. New York superfund tax rates for off-site 
management, 1982 and 1985. 

Disposal 1982 tax 1985 tax 
technology (per ton) (per ton) 

Land disposal $12 $27 
Treatment $9 $16 
Off-site incineration $9 $9 
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the risks from hazardous wastes that remain in a chemically reactive or 
physically mobile state. California pioneered this concept in the early 1980s 
with an executive order by Governor Brown that directed the State Depart- 
ment of Health Services to adopt regulations phasing out the land disposal of 
hazardous wastes for which alternative treatment and disposal technologies 
were available [Bowman and Kearney, 1986]. New York adopted regulations 
in 1984 and 1985 that placed progressive restrictions on land disposal of 
hazardous wastes containing specified waste constituents. Congress directed 
EPA to develop comparable restrictions as part of the 1984 Hazardous and 
Solid Waste Amendments (HSWA), but these were phased in over a four-year 
period that did not begin until November 1986. 

The federal government imposed a ban on the land disposal of bulk, non- 
containerized, liquid hazardous wastes and containers containing free liq- 
uids in May 1985. These rules could result in two different outcomes depend- 
ing on the economics of alternative management strategies. One option, 
potentially the least expensive, would have been to solidify the liquids or mix 
them with absorbents and then place the wasits in containers such as 55- 
gallon steel drums. This would be reflected as an increase in aggregate waste 
volumes (measured by weight) going to landfills. An alternative strategy 
would be to shift to an alternative management technology such as chemical 
treatment, incineration, or recycling. 

OTHER STATE AND FEDERAL POLICY INTERVENTIONS 

In addition to New York's superfund tax and land disposal restrictions, there 
were several other state and federal policy interventions during the period of 
this analysis that could be expected to affect the quantities of hazardous 
waste shipped to off-site facilities for recycling, incineration, treatment, or 
land disposal. All the relevant state and federal policy interventions during 
the period of analysis are listed in Table 4. 

New York imposed annual fees on hazardous waste management facilities 
in 1983 as a means of generating revenues for its environmental regulatory 
agency. The rate structure varied with the type of facility, allegedly reflecting 
the agency's administrative costs. Because the fees were not tied to waste 
volume, their impact on waste management costs would vary with the size of 
the facility. Table 5 presents the fee schedule as imposed in 1983, as well as 
rate increases that went into effect in 1985. The federal EPA changed the 
regulatory definition of recycled hazardous waste in January 1985, resulting 
in the regulation of some wastes that had previously not been subject to 
regulation if they were recycled. In November 1985, a federal deadline took 
effect, requiring the owners or operators of all land disposal facilities to 
certify compliance with applicable national standards. This resulted in the 
closure of 995 out of 1538 land disposal facilities nationwide [U.S. GAO, 
1987]. These closures were also associated with increases in land disposal 
prices of between 30 and 100 percent [ICF Inc., 1988]. One month later, in 
December 1985, federal regulations went into effect that restricted the burn- 
ing of hazardous wastes and waste oils containing hazardous wastes in non- 
industrial boilers. Near the end of the time series analyzed here, the first of 
the HSWA land disposal restrictions went into effect. As of November 1986, 
hazardous wastes containing more than 1 percent of specified solvents were 
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Table 4. Hazardous waste policy interventions in New York State, 1982-1986. 

Date Policy intervention 

September 1, 1982 Imposition of state superfund tax 
(week 13) 

April 1, 1983 Imposition of state regulatory program fees 
(week 44) 

April 30, 1984 State ban on land disposal of wastes with 5 percent of 
(week 100) selected chemical constituents 

January 1, 1985 Change in federal definition of regulated recycled 
(week 135) hazardous waste 

March 31, 1985 Expansion of list of wastes subject to 1984 land disposal 
(week 148) ban 

April 16, 1985 Increase in state program fee rates 
(week 150) 

May 8, 1985 Federal ban on land disposal of bulk or noncontainerized 
(week 153) liquid hazardous wastes and waste containers with free 

liquids 
June 1, 1985 Increase in state superfund tax rates for landfilling and 

(week 157) treatment 
November 8, 1985 Federal deadline for land disposal facilities to certify 

(week 180) compliance with RCRA standards 
December 9, 1985 Federal restrictions on burning hazardous wastes or waste 

(week 184) oils for energy recovery 
December 12, 1985 Reduction of concentration threshold for wastes covered 

(week 187) by 1984 land disposal ban 

Table 5. New York State annual regulatory program 
fees for off-site hazardous waste management facilities. 

1983 1985 
Disposal annual annual 

technology fee fee 

Commercial 
landfill $100,000 $200,000 

Captive 
landfilla 100,000 100,000 

Surface 
impoundment 12,000 24,000 

Incineration 5000 10,000 
Burning for 5000 10,000 

energy recovery 
a A captive landfill is one owned by the hazardous waste gen- 

erator. 
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required to be treated by "best demonstrated available technologies" identi- 
fied by the EPA. 

ANALYZING THE EFFECTIVENESS AND SPILLOVERS OF NEW YORK'S POLICIES 

The effects of New York's hazardous waste policies on generators' choices of 
where and how to manage their wastes were analyzed using data from the 
state's manifest system. Any in-state generator who ships hazardous waste to 
an off-site facility for management must complete a manifest form that ac- 
companies the waste shipment to its final destination. Manifests must also be 
completed by out-of-state generators who ship wastes to TRDFs within the 
state. A copy of the form is sent to the State Department of Environmental 
Conservation (DEC), which maintains an automated data base of the infor- 
mation. Separate records are maintained for each designated waste type in a 
shipment, including the volume shipped, name and identification number of 
the generator, transporter(s), and management facility, as well as an indica- 
tion of the technology by which the waste is managed at the TRDF. 

The data base for this analysis included approximately 295,000 individual 
waste shipments manifested between June 6, 1982, and February 14, 1987. 
The location of the source (generator) and destination (TRDF) of each ship- 
ment was designated as in-state or out-of-state, and the management tech- 
nology was classified as land disposal, treatment, incineration, or recycling. 
All manifest volumes were converted to kilograms and aggregated by week to 
yield a time series consisting of 244 observations. Three different models 
were tested for each of the four management technologies to analyze the 
effects of the state's policies on interstate shipments of waste. 

Preliminary Analysis 

Two methods of data smoothing and graphical analysis were employed to 
identify significant shifts in waste management behavior that were not ac- 
counted for by the target policy interventions or other state or federal poli- 
cies [Deyle and Bretschneider, 1990]. This analysis identified several outliers 
that were determined to be episodic events at individual generating facili- 
ties, for example, the closing of a major steel manufacturer in Lackawanna, 
and the imposition of an enforcement order by the state DEC on another very 
large generator. The graphical analysis also identified the presence of an 
annual cycle in the manifest data (see Figure 2). No satisfactory explanation 
for the cycle could be provided by contacts at the state DEC or the two major 
in-state land disposal facilities that operated at that time. Given that the 
data are weekly, these variations are probably part of the seasonal pattern of 
manufacturing found in many New York State industries. Other data clean- 
ing included elimination of double counting where wastes are shipped to 
one facility, stored, recycled, or treated, and then shipped to another facility 
for further treatment or disposal. Records were also deleted for non- 
hazardous wastes and disposal of wastes from major cleanups of contami- 
nated sites. 
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Figure 2. Five-week moving averages of total shipments by management technology. 
Source: Deyle and Bretschneider [1990]. 

Model Specification and Analysis 

The analytic model was based on the following general model: 

y(i, t) = F[I(t), H(t), E(t), C(t), e(t)] (1) 

where 
y(i, t) is the amount of hazardous waste shipped to an off-site facility for 

management by technology i at time t. 
I(t) is a vector of indicator variables associated with relevant policy inter- 

ventions. 
H(t) is a vector of variables designed to control for history effects. 
E(t) is a vector of variables reflecting the level of economic activity during 

the current week. 
C(t) is a vector of variables designed to control for available capacity at 

commercial and captive TRDFs. 
e(t) is a random error term. 
The economic factors, capacity variables, and historical relationship vari- 

ables are included as statistical controls to obtain more accurate assessments 
of the intervention effects. No controls were included for liability because of 
the difficulty of specifying a precise intervention time. The applicability of 
strict and joint and several liability to hazardous waste management was 
established through a series of federal court cases rather than through adop- 
tion of a statute or promulgation of a regulation. There would have been a 
considerable and variable lag between decision of the cases and when indi- 
vidual generators became aware of the potential implications to their situa- 
tion as producers of hazardous waste. 
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History Effects 

One of the complex issues associated with this type of analysis is the numer- 
ous policy interventions across time, some of which have contemporaneous 
effects. In such a situation it is important to account not only for the current 
effects of a policy intervention, but also for the continuing effects of previous 
policies (history). 

There are numerous alternatives for dealing with history in the context of 
time series data. Our approach is based on the distributed lag class of models 
[Judge et al., 1985, pp. 374-386]. Within this group of models, we assume 
that the dependent variable at time t is the result of the infinite history of one 
or more key independent variables. In our setting the current level of hazard- 
ous waste shipped for management by technology i is a result, in part, of the 
history of all past shipments of hazardous waste for management by all other 
technologies. Algebraically, 

y(i, t) = a + ils p(j, s) x(j, t - s) + e(i, t) i = 1.... , 4 (2) 

where 
y(i, t) is the amount of hazardous waste shipped for management by 

technology i in time period t. 
x(j, t - s) is the amount of hazardous waste shipped for management by 

technology j (j not equal to i) in time period t - s. 
p(j, s) is the parameter associated with the jth management technology 

lagged s periods in the past. 
a is the intercept. 
e(i, t) is a random error term. 

The summation over s periods in model (2) is an infinite sum. An alterna- 
tive, more parsimonious representation of this model is possible if we employ 
a lagged value of the dependent variable as an independent variable along 
with measures of the contemporaneous shipments of wastes for management 
by the other technologies. The coefficient of the lagged dependent variable 
thus represents a geometric decay of the infinite series of lagged dependent 
variable parameter weights over time [Judge et al., 1985, p. 379]: 

y(i, t) = a + 1i p(j) x(j, t) + 8 y(i, t - 1) + e(i, t) i = 
1.... 

,4 (3) 

where 
P(j) is a parameter of contemporaneous effect for shipments to 

management technology j not equal to i at time t. 
8 is a geometric decay parameter. 
y(i, t - 1) is a one-period lag for the dependent variable. 
Use of this particular lag structure can be justified on both theoretical and 

empirical grounds. Individual hazardous waste generators typically sign 
long-range contracts with TRDFs. Consequently, week-to-week shipments to 
a particular facility using a specific waste management technology are a 
partial adjustment toward target levels derived from these long-term con- 
tracts. The most obvious factors related to the partial adjustment process are 
the current and long-run history of shipments for management by all other 
technologies. This essentially argues that the model specification provided in 
(3) is a form of adaptive expectation or partial adjustment model [Judge et 
al., 1985, pp. 379-380]. Empirical justification for these models is based on 
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standard analysis of model residuals with an emphasis on the serial correla- 
tion across many past time periods.4 

Economic Variables 

Two types of variables were used to capture the effects of economic activity: 
(1) state or federal manufacturing employment; and (2) seasonal variables. 
The level of manufacturing employment provides a direct measure of aggre- 
gate economic activity on a monthly basis. Use of in-state TRDFs and exports 
are primarily a function of economic activity by in-state generators; thus 
New York State employment levels were included in the in-state and export 
models. Total U.S. manufacturing employment data were used as an eco- 
nomic control for the import model. Data for these variables were obtained 
from the U.S. Department of Labor, Bureau of Labor Statistics [1991]. 

While these data should adequately capture the general state and national 
levels of economic activity, the data are provided in a seasonally adjusted 
form. Thus additional variables were needed to control the effects of seasonal 
patterns of manufacturing activity. Toward that end, a set of four seasonal 
variables based on sine and cosine functions were generated.5 These four 
variables provide a parsimonious representation for a wide range of possible 
seasonal patterns. The use of seasonal differencing was rejected since this 
approach would reduce the sample by at least 20 percent. 

Copocity Controls 

Each model includes one or two control variables for the number of federally 
permitted hazardous waste management facilities operating in the state dur- 
ing a given week that provide the waste management technology being mod- 
eled. To conserve degrees of freedom, controls were included for only the 
number of commercial TRDFs in the land disposal and incineration models, 
because captive facilities handled very small proportions of manifested 
waste shipments (see Table 2). In the treatment and recycling models, sepa- 
rate controls were included for the numbers of commercial and captive 
TRDFs operating in a given week. 

Policy Interventions and the Full Model 

Each of the interventions listed in Table 4 was modeled as an indicator 
variable. The basic model presented in (3) was augmented to include the five 
economic activity variables, the one or two capacity control variables, and 
each of the relevant policy intervention variables. Three regression models 
were estimated for each of the four management technologies: (1) shipments 
to in-state TRDFs for both in-state and out-of-state generators (in-state 

4 Typically a variety of tests are carried out on the residuals from an estimated model to deter- 
mine the quality of the model. Analysis of sample autocorrelation functions and sample partial 
autocorrelation functions of residuals are used to determine if the residuals are white noise [Box 
and Jenkins, 1976; Judge et al., 1985]. 
5 These four variables were defined by analysis of residuals from fitted models without seasonal 
variables. Again, through analysis of the sample autocorrelation and partial autocorrelation 
function, it was clear a reoccurring seasonal pattern existed that interfered with accurate esti- 
mation of policy intervention effects. 
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model); (2) exports of waste from in-state generators to out-of-state TRDFs 
(export model); and (3) waste imports from out-of-state generators to in-state 
TRDFs (import model). Table 6 lists how each policy intervention is expected 
to impact the volumes of hazardous waste shipped for each of the models. 

The differential rate structure of the state's superfund tax, which went into 
effect on September 1, 1982, should have influenced generators' choices of 
waste management technology to the extent that the tax altered the relative 
marginal costs of alternative technologies for a given type of hazardous 
waste. Comparison of the initial tax rates shown in Table 3 with the range of 
national average treatment and disposal costs shown in Table 1 suggests that 
little change would be likely. However, the broad, overlapping ranges in 
prices for all the alternatives to land disposal make predictions difficult. 
Some changes in management technology may have been stimulated where 
alternative management costs were fairly similar and alternative facilities 
had adequate capacity available. This might be the case for low-toxicity 
wastes in a physical state amenable to alternative management technologies, 
such as acid or alkaline aqueous wastes. 

The impacts of the added cost of the tax on exports should have been 
similar to those on in-state management because in-state generators were 
subject to the tax regardless of whether they shipped to in-state or out-of- 
state TRDFs. Imports from out-of-state generators for the taxed technologies 
(all but recycling) would generally be expected to decline. Spurious effects 
are also possible because this intervention occurred very early in the time 
series, soon after the manifest system went into effect on June 1, 1982. There 
may have been increases in manifested shipments during these early months 
that reflected entry of generators into the regulatory system rather than 
increases in the actual amounts of hazardous waste being managed. 

In 1985 the superfund tax rate was increased for land disposal and treat- 
ment. The land disposal tax of $27 per ton represented a 28-percent increase 
over the midrange of national land disposal prices reported for 1984. The 
treatment tax of $16 per ton constituted a minor proportional increase for 
the midrange of national treatment prices in 1984 ($727 per ton), but it 
would have been considerably more significant for acid and alkali wastes, 
which had average treatment costs on the order of $14 to $204 per ton. As 
with the initial tax, some shifts in the use of in-state management technolo- 
gies and exports may have been stimulated by the increased differences in 
marginal costs between technologies so long as adequate capacity was avail- 
able. Imports for land disposal and treatment could be anticipated to de- 
crease, although there could also be a shift from land disposal imports to 
treatment imports. 

The state's several initiatives to restrict the land disposal of specific haz- 
ardous wastes also should have affected both interstate shipments and the 
choice of waste management technology. Imports from out-of-state genera- 
tors for disposal at in-state landfills should have declined as a result of these 
restrictions. Some of the targeted wastes from out-of-state generators may 
have continued to enter the state, but they would have been destined for an 
alternative management technology. In-state generators would be expected 
to reduce their use of in-state land disposal, but their choice of what alterna- 
tive to employ would depend on the relative costs of transportation and 
management fees and the capacity of in-state and out-of-state facilities offer- 
ing alternative management technologies. For some wastes, it may have been 
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Table 6. Expected relationship between policy interventions and hazardous waste 
shipments by management technology. 

Expected Expected Expected 
Management Policy effect effect effect 
technology intervention in-state exports imports 

Landfill NYS superfund tax 
NYS superfund tax 

increase 
NYS program fees and 

increase +a 
NYS landfill bans +a 
Federal bulk liquid ban +/-b +/_b +/_b 
Federal certification 

deadline c c c 
Incineration NYS superfund tax d d d 

NYS superfund tax 
increase +e ?e +e 

NYS program fees are 
increase +e 

NYS landfill bans +a +a +f 
Federal bulk liquid ban b b b 
Federal certification 

deadline c c c 
Federal burning 

restriction 
Treatment NYS superfund tax d d d 

NYS superfund tax 
increase d d d 

NYS program fees and 
increase +e +e +e 

NYS landfill bans +a +a +f 
Federal bulk liquid ban b b b 
Federal certification 

deadline c c c 
Recycling NYS superfund tax +e +e +e 

NYS superfund tax 
increase +e +e +e 

NYS program fees and 
increase +e +e +e 

NYS landfill bans +a +a +f 
Change in recycling 

definition + + + 
Federal bulk liquid ban b b b 
Federal certification 

deadline c c c 

a Impact would depend on (1) relative costs of shipping to out-of-state landfills versus shifting 
to an alternative waste management technology, and (2) available capacity. 

b Impact would depend on whether generators began disposing of liquids in containers, thus 
resulting in increased weight of land disposed waste, or they switched to alternate handling 
methods at in-state or out-of-state facilities. 

c Impact would depend on shift in available land disposal capacity both within and outside 
New York State. 

d A tax on treatment and incineration could result in less use of these technologies. However, 
the higher tax on high-risk technologies might also lead to greater use of these lower-risk 
technologies. 

e Impact would depend on availability of in-state and out-of-state capacity to accommodate 
shifts from more highly taxed or restricted technologies. 

f Impact would depend on (1) relative costs of using land disposal facilities outside New York 
State versus alternative technologies in or out of New York State, and (2) available capacity. 
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more economical to ship to an out-of-state land disposal facility. For others, 
it may have been more cost-effective to switch to an alternative management 
technology at either an in-state or out-of-state facility. 

The significance of such shifts would depend, however, on the relative 
proportion of all hazardous wastes represented by the target wastes. The 
initial land disposal ban of April 30, 1984, applied to wastes that contained 
more than 5 percent by weight of certain halogenated solvents, pesticides, 
and other organic chemicals. The second ban, imposed on March 31, 1985, 
extended the 1984 ban to additional organic wastes. On December 12, 1985, 
the concentration threshold for the wastes covered by the 1984 ban was 
reduced to 2 percent by weight. Prior to the 1984 ban, the targeted waste 
types (e.g., F001, spent halogenated degreasing solvents; K001, wastewater 
treatment sludges from wood preserving; K033, wastewater from production 
of chlordane), irrespective of concentration, collectively accounted for only 
about 9 percent of all shipments in the state's manifest database. 

RESULTS 

Tables 7-9 present the results of estimating the 12 regression models. The 
Portmanteau chi-square test was used to test the adequacy of our models at 
capturing history effects. Only the models describing imports for recycling 
and exports and in-state use of treatment demonstrated any problem with 
serial correlation. For treatment exports and recycling imports, the only 
individually significant autocorrelation spikes occur at lags 26 and 27 respec- 
tively, suggesting that the problem is due to the seasonal pattern. While 
several autocorrelations are statistically significant for the model of in-state 
treatment, the pattern again suggests that the problem is confined to the 
seasonal component of the history effects. A White test for heteroscedasticity 
was also performed for each model. The results from these tests were again 
predominantly negative, suggesting that few if any problems of nonconstant 
error variance were present. In general, the results from these tests suggest 
that the proposed models adequately control for history. 

In the following sections, we discuss the apparent effectiveness of New 
York's policies in achieving the state's waste management goals and the 
influence of these policies on interstate movement of hazardous wastes. We 
also discuss the influence of the selected control variables in the models. 

Effectiveness in Attaining State Policy Objectives 

Initial imposition of the state superfund tax occurred very early in the time 
series, at week 13. Its explanatory power in the models is therefore limited. 
This intervention also occurred only three months after the state's manifest 
system regulations had gone into effect. Thus, some of the early increases in 
waste shipments shown in Figure 2 may reflect the entry of generators into 
the manifest system. The significant increases in treatment shipments in all 
three models (in-state, exports, and imports) may reflect such behavior. The 
increase in incineration exports may be a function of increased out-of-state 
capacity, a phenomenon which could not be modeled effectively with the 
available data. 

The marked change in rate structure that occurred with the tax rate in- 
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Table 7. Hazardous waste management at in-site facilities. 

Models 

Land 
Variable disposal Treatment Incineration Recycling 

State superfund tax 95728.00 388631.00a -10176.00 -13538.00 
State superfund tax 

increase -1250350.00a 422118.00a -116907.00 15101.00 
State landfill ban 

4/30/84 -24211.00a -50975.00 4630.92 -1696.29 
State landfill ban 

3/31/85 1708363.00a 103381.00 128322.00 -32767.00 
State landfill ban 

12/31/85 -590713.00b 95965.00 316730.00a 34234.00a 
State program fees 230234.00 -27478.00 -27211.00 -3011.07 
State program fee 

increase -2340484.00a -122770.00 2203.63 38449.00 
Federal bulk liquid ban 1473722.00a -85607.00 16513.00 -19267.00 
Federal landfill 

compliance 36460.00 107801.00 -38508.00 13081.00b 
deadline 

Federal recycling 
definition n/a n/a n/a 29286.00a 
change 

Federal burning 
restrictions n/a n/a -214930.00a n/a 

No. of commercial 
landfills -88763.00 n/a n/a n/a 

No. of commercial 
incinerators n/a n/a -37998.00a n/a 

No. of commercial 
treatment facilities n/a 3255.89 n/a n/a 

No. of captive 
treatment facilities n/a 36305.00 n/a n/a 

No. of commercial 
recyclers n/a n/a n/a 9030.55a 

No. of captive recyclers n/a n/a n/a -5468.02 
NY State 

manufacturing 
employment -11896.00a 6257.01a 567.86 362.95a 

Seasonal control 
variable C1 -144403.00b -3428.68 20900.00 8632.26a 

Seasonal control 
variable S1 361985.00a -247731.00a 68254.00a -1918.98 

Seasonal control 
variable C13 40800.00 38813.00 155.96 1065.91 

Seasonal control 
variable S13 -18125.00 -30050.00 -11660.00 -6189.01a 

Lagged dependent 
variable 0.47a 0.25a 0.29a 0.02 

Coterminous land 
disposal n/a 0.06a 0.002 0.01a 

Coterminous 
incineration 0.03 0.44a n/a 0.02 

continued 

This content downloaded from 128.230.133.56 on Mon, 26 Jan 2015 14:43:59 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


96 / New York's Hazardous Waste 

Table 7. Continued 

Models 

Land 
Variable disposal Treatment Incineration Recycling 

Coterminous treatment 0.30a n/a 0.10a 0.002 
Coterminous recycling 3.66a 0.60 0.70a n/a 
Intercept 16124575.00a -8344657.00 -374578.00 -529266.00a 
Adjusted R2 0.58 0.40 0.42 0.26 
F-test (242 degrees of 

freedom) 8.59 9.00 9.79 5.01 
White 

heteroscedasticity 
test chi-square 136.76 112.12 107.18 118.09 
(degrees of freedom) (121) (140) (120) (139) 

Portmanteau 
autocorrelation test 
chi-square (30 
degrees of freedom) 35.13 55.10a 32.91 29.45 

a Significant at the 95% level. 
b Significant at the 90% level. 
n/a-not included in model. 

crease of June 1, 1985, however, could be expected to influence choices 
among some waste management technologies. As shown in Table 3, the tax 
differential between land disposal and treatment increased from $3 to $11 
per ton, and the differential between land disposal and off-site incineration 
increased from $3 to $16 per ton. Table 7 indicates that the 1985 superfund 
tax increase was associated with reduced use of land disposal facilities and 
increased use of treatment facilities in the state by in-state and out-of-state 
generators. The absence of a significant impact on incineration may reflect 
the greater difference in marginal cost between land disposal and incinera- 
tion (see Table 1). A shift to increased recycling would also be expected. 
While the coefficients for the superfund tax increase variable are positive in 
both the in-state and import recycling models, they are not statistically sig- 
nificant. The lack of significance may be due in part to collinearity with other 
policy interventions that occurred in 1985, including the changed federal 
definition of recycling. 

The primary objective of New York's policies restricting land disposal of 
certain wastes was to force generators and TRDFs to use lower-risk manage- 
ment technologies. Results shown in Table 7 suggest that these effects were 
realized to some extent. A decline in the use of in-state land disposal facilities 
is associated with the second land disposal ban of December 12, 1985, along 
with increased use of incineration and recycling. While the coefficient for the 
first ban is negative in the in-state land disposal model, it is not statistically 
significant. No significant effects associated with the first ban are shown in 
the in-state models for the other handling methods either. This may reflect 
the fact that the second ban applied to a larger volume of wastes, because the 
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Table 8. Hazardous waste exports to out-of-state facilities. 

Models 

Land 
Variable disposal Treatment Incineration Recycling 

State superfund tax 22608.00 261172.00a 158024.00a -22583.00 
State superfund tax increase 47953.00 5820.22 37656.00 -5368.16 
State landfill ban 4/30/84 -41171.00b -51493.00 35186.00a 16077.00b 
State landfill ban 3/31/85 115203.00 -49178.00 -96043.00 -124056.00a 
State landfill ban 12/31/85 103975.00 -255976.00a -1585.92 131720.00a 
State program fees -22643.00 -14749.00 49793.00b -64217.00a 
State program fee increase -26401.57 59789.00 -43575.00 35936.00 
Federal bulk liquid ban -59881.00 136865.00 98004.00 -13453.00 
Federal landfill compliance 19388.21 -43882.00 -268.28 -15377.00 

deadline 
Federal recycling definition n/a n/a n/a 110152.00a 

change 
Federal burning restrictions n/a n/a 101684.00 n/a 
No. of commercial landfills -12234.00 n/a n/a n/a 
No. of commercial 

incinerators n/a n/a 89673.00a n/a 
No. of commercial treatment 

facilities n/a -38447.00 n/a n/a 
No. of captive treatment 

facilities n/a 10407.00 n/a n/a 
No. of commercial recyclers n/a n/a n/a -6260.93 
No. of captive recyclers n/a n/a n/a 40000.00a 
NY State manufacturing 

employment 351.41 3454.29a 419.06 67.75 
Seasonal control variable C1 16562.00 13264.00 -21952.00a 826.66 
Seasonal control variable S1 -7267.32 -55195.00a -19952.00b 25338.00a 
Seasonal control variable 

C13 -11370.00 37013.00a -5275.57 2982.25 
Seasonal control variable 

S13 23885.00 -15827.00 4231.36 -7261.61 
Lagged dependent variable 0.54a 0.30a 0.19a 0.04 
Coterminous land disposal n/a 0.22a -0.08a -0.02 
Coterminous incineration -0.12 -0.04 n/a 0.1 la 
Coterminous treatment 0.14a n/a -0.04 0.02 
Coterminous recycling 0.16 0.41a 0.25a n/a 
Intercept -385895.00 -3869368.00a -962135.00 -14276.00 
Adjusted R2 0.71 0.63 0.36 0.74 
F-test (242 degrees of 

freedom) 32.32 21.55 7.71 34.27 
White heteroscedasticity test 

chi-square 122.81 182.28b 120.36 144.97 
(degrees of freedom) (134) (153) (136) (145) 

Portmanteau autocorrelation 
test chi-square (30 degrees 
of freedom) 40.81b 48.54a 28.42 42.29b 

a Significant at the 95% level. 
b Significant at the 90% level. 
n/a-not included in model. 
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Table 9. Hazardous waste imports from out-of-state facilities. 

Models 

Land 
Variable disposal Treatment Incineration Recycling 

State superfund tax 47922.00 142019.00a -9804.23 -1773.80 
State superfund tax increase -759356.00a -31573.00a -43341.00 -14799.00 
State landfill ban 4/30/84 -52322.00 -7542.73 -22803.00 3394.94 
State landfill ban 3/31/85 1630156.00a -68495.00 28707.00 5413.41 
State landfill ban 12/31/85 -2563.96 -3861.78 209917.00a 15359.00b 
State program fees 447945.00a -35160.00 -65062.00b -12455.00b 
State program fee increase -1842741.00a 8812.91 23342.00 4606.31 
Federal bulk liquid ban 1032896.00a 86248.00 44060.00 -14799.00 
Federal landfill compliance 205900.00 83561.00a -12331.00 9353.48a 

deadline 
Federal recycling definition n/a n/a n/a 11041.00 

change 
Federal burning restrictions n/a n/a -191887.00a n/a 
No. of commercial landfills 35478.00 n/a n/a n/a 
No. of commercial 

incinerators n/a n/a -31032.00b n/a 
No. of commercial treatment 

facilities n/a 2787.94 n/a n/a 
No. of captive treatment 

facilities n/a -1205.14 n/a n/a 
No. of commercial recyclers n/a n/a n/a 4434.60a 
No. of captive recyclers n/a n/a n/a -3079.67 
U.S. manufacturing 

employment -170.01 140.77a 29.89 13.67b 
Seasonal control variable C1 - 124675.00b 3420.59 2227.81 4517.35a 
Seasonal control variable S1 83642.00 917.55 37412.00a -1750.85 
Seasonal control variable 

C13 -597.22 15085.00 7835.59 1266.05 
Seasonal control variable 

S13 -57917.00 8019.07 -27108.00a 356.69 

Lagged dependent variable 0.49a 0.26a 0.33a -0.15a 
Coterminous land disposal n/a 0.001 -0.004 0.01a 
Coterminous incineration -0.06 -0.03 n/a 0.03a 
Coterminous treatment -0.15 n/a -0.04 0.01 
Coterminous recycling 3.82a 0.24 0.86a n/a 
Intercept 2851920.00 -2745479.00a -136407.00 -304518.00a 

Adjusted R2 0.54 0.55 0.51 0.19 
F-test (242 degrees of 

freedom) 15.81 16.14 13.63 3.64 
White heteroscedasticity test 134.18 148.17 145.15 169.67 

chi-square (degrees of 
freedom) (124) (149) (133) (157) 

Portmanteau autocorrelation 
test chi-square (30 degrees 
of freedom) 29.64 33.64 30.93 48.08a 

a Significant at the 95% level. 
b Significant at the 90% level. 
n/a-not included in model. 
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concentration threshold for the target chemical constituents was lowered 
from 5 percent in 1984 to 2 percent in 1985. 

Application of the 5-percent threshold to additional waste types in March 
1985 yielded unexpected results, however. This policy intervention was asso- 
ciated with increased use of in-state landfills. The in-state model includes 
wastes generated by both in-state and out-of-state generators. Thus the in- 
creased use of in-state land disposal facilities associated with the March 1985 
land disposal ban may reflect the parallel increase in imports for land dis- 
posal associated with this policy intervention (see Table 9). While such an 
increase would not be predicted to result from the policy intervention, it 
could reflect the closure of out-of-state landfills in anticipation of the Novem- 
ber 1985 federal compliance deadline, which is discussed further below. An 
alternative explanation might be that generators attempted to avoid the 
concentration thresholds by diluting their wastes (and thereby increasing the 
total volume). While such practices were explicitly illegal, enforcement 
would be difficult unless an inspector were present when the dilution oc- 
curred at the point of generation. A third alternative is that changes in man- 
agement of the specific wastes targeted by these regulations are masked by 
overall patterns in waste management because these wastes constitute such 
a small percentage of the total volume of hazardous wastes generated. 

Analysis of the management of some of the individual wastes covered by 
the landfill restrictions did show evidence of shifts in management technolo- 
gies in response to the 1984 and 1985 landfill bans [Deyle and Bretschneider, 
1990]. For example, despite a trend of increasing generation of waste type 
F001 (spent halogenated solvents from degreasing operations and sludges 
from their recovery), the total amounts disposed of at in-state landfills de- 
clined by 59 percent between 1984 and 1985. Meanwhile, the volumes treated 
increased by five times, and the volumes incinerated by 22 percent. Follow- 
ing the additional restrictions of 1985, the amounts of waste type F001 
shipped to in-state landfills declined an additional 77 percent from 1985 to 
1986. Similar patterns were observed for other wastes covered by these re- 
strictions, including K016 (heavy ends or distillation residues from produc- 
tion of carbon tetrachloride), K097 (vacuum stripper discharge from chlor- 
dane chlorinator), and F002 (other spent halogenated solvents and sludges 
from their recovery). 

Impacts on Interstate Shipments of Hazardous Waste 

The state superfund tax could be expected to have effects on hazardous waste 
exports that would be similar to those on the use of in-state TRDFs, because 
in-state generators have to pay the tax regardless of where they ship their 
wastes. There may not be any significant changes in exports for less-taxed 
technologies, however, if in-state generators merely switch to alternative 
technologies at in-state TRDFs. The absence of significant coefficients for the 
1985 tax increase in the treatment, incineration, and recycling models shown 
in Table 8 is consistent with this latter hypothesis. However, a decrease in 
exports for land disposal, similar to that in Table 7, was anticipated. 

The 1985 increase in the superfund tax should have made in-state TRDFs 
less cost-effective for out-of-state generators, especially for land disposal. 
This hypothesis is supported by the negative coefficient for land disposal in 
the import model shown in Table 9. 
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The effects of New York's land disposal restrictions on imports and exports 
of hazardous waste were mixed. As shown in Table 8, the 1984 ban was 
associated with increased exports for incineration and recycling, while the 
December 1985 ban was also correlated with increased recycling exports. A 
similar trend is observed for the December 1985 land disposal ban in the 
import models: increases in both incineration and recycling. Increases in 
both imports and exports are possible in reaction to these policies, depending 
on where generators are located relative to TRDFs offering alternative man- 
agement technologies. The nearest incinerator for a generator in western 
New York might be in Ohio, while a Connecticut generator who previously 
shipped to a New York landfill in Niagara Falls may have decided to ship to a 
recycling facility just outside of New York City. 

There are, however, several unexpected trends. There is no significant de- 
crease in land disposal imports and no increase in land disposal exports 
associated with any of the three state land disposal bans. In fact, there is a 
decrease in land disposal exports associated with the 1984 land ban. Again, 
this may reflect the small fraction of wastes managed by land disposal cov- 
ered by these restrictions. The occurrence of significant changes in the other 
handling methods may be due to the smaller volumes of wastes managed 
using these technologies. Incineration accounted for 13 percent of all waste 
manifested over the period of analysis, and recycling accounted for only 4 
percent. During this time, 52 percent of all wastes were shipped to land 
disposal facilities and 31 percent were shipped for treatment. Small shifts 
from land disposal to incineration or recycling may not have been statisti- 
cally significant in the land disposal models, while they did have a measur- 
able impact in the incineration and recycling models. 

There was a significant decrease in exports for recycling associated with 
the March 1985 land disposal ban, which is counter to expectations (see 
Table 8). The recycling effect may reflect a short-term readjustment after the 
initial effects of the amended federal definition of recycling in January 1985. 
This policy intervention was correlated with increases in both recycling ex- 
ports and in the use of in-state recycling facilities (see Tables 7 and 8). How- 
ever, an analysis of individual generators [Deyle and Bretschneider, 1990] 
revealed that some manifested only a few shipments following this regula- 
tory change. The March 1985 land disposal ban may have coincided with a 
return to more typical recycling levels once generators had altered recycling 
practices so that they were again not subject to federal hazardous waste 
regulations. 

A decrease in treatment exports associated with the December 1985 ban 
was also contrary to expected behavior (see Table 8). This may reflect 
changes in available out-of-state treatment capacity or an overall reduction 
in waste generation (source reduction). The total volumes of manifested haz- 
ardous waste shipped into, out of, and within New York declined by 21 
percent between 1985 and 1986. While the annual totals are not corrected for 
changes in economic activity, economic controls are included in the regres- 
sion models. 

The Effect of Control Variables in the Waste Management Models 

Control variables were included in the models for other state and federal 
policy interventions anticipated to affect decisions about where and how to 
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manage hazardous wastes, as well as controls for economic conditions, the 
apparent seasonal cycle of the data, in-state TRDF capacity, coterminous use 
of the other waste management technologies, plus a lagged measure of the 
dependent variable to reflect history effects of all past shipments to alterna- 
tive disposal technologies. 

The economic control was operationalized as quarterly state or federal 
employment in the manufacturing sector. Tables 7-9 show that the regres- 
sion coefficient for this variable was statistically significant in 6 of the 12 
models analyzed. In five of these cases, there was a positive correlation be- 
tween manufacturing employment levels and the amount of hazardous waste 
shipped. This is consistent with the hypothesis that hazardous waste genera- 
tion is directly related to production levels. 

In the in-state land disposal model, however, the coefficient for the state 
employment variable was negative. This implies that despite the fact that 
production levels increased, the amounts of hazardous waste shipped to land 
disposal facilities decreased. This may reflect a combination of shifts to other 
waste management technologies or, more likely, source reduction by genera- 
tors who had used land disposal. The annual totals reported in Table 10 show 
substantial decreases in land disposal at in-state TRDFs between 1985 and 
1986. While there are parallel increases in incineration and recycling, these 
are not sufficient to account for the changes. These decreases are also not 
balanced by net changes in imports and exports, as shown in Tables 11 and 
12. Generators may, therefore, have chosen to reduce the volumes of waste 
they produce in response to the aggregate impacts of policies and factors 
influencing the costs of hazardous waste management at that time. 

Imposition of the state program fees in April 1983 was not expected to have 
a significant impact on waste management decisions because of the rela- 
tively low levels of the fees (see Table 5) and the fact that the fees are not 
linked to waste volumes managed. Tables 8 and 9 show significant decreases 
in incineration imports and increases in incineration exports, which suggest 
that the fees may have prompted some changes in behavior (waste incinera- 
tion facilities were assessed an annual fee of $5000). However, the associated 
decreases in recycling imports and exports and the increase in land disposal 
imports are contrary to what would be expected if the fees had resulted in 
substantial marginal increases in land disposal costs. 

The subsequent fee increases in April 1985 had no significant impact ex- 
cept on the use of in-state land disposal facilities. Tables 7 and 9 show signifi- 
cant decreases in shipments to instate land disposal facilities and in land 
disposal imports following the doubling of the fee for commercial landfills. 

Table 10. Total annual waste volumes manifested to in-state TRDFs, 1983-1986 
(millions of kilograms). 

Year Landfill Incinerate Recycle Treatment Total 

1983 132.69 21.09 4.97 73.50 232.25 
1984 137.86 20.63 5.43 81.17 245.09 
1985 171.32 25.07 6.43 80.94 283.76 
1986 89.99 32.29 5.27 64.91 192.46 
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Table 11. Total annual waste volumes imported to New York State, 1983-1986 
(millions of kilograms). 

Year Landfill Incinerate Recycle Treatment Total 

1983 70.07 10.33 1.74 13.92 96.06 
1984 74.52 11.38 1.81 25.06 112.78 
1985 108.03 18.21 2.68 20.43 149.35 
1986 49.00 22.71 2.22 7.75 81.68 

The apparent effects of the May 1985 federal ban on land disposal of liquid 
wastes support the hypothesis that generators would resort to methods to 
stabilize or solidify their wastes rather than shifting to alternative manage- 
ment technologies. Use of in-state land disposal facilities and land disposal 
imports both increased significantly in association with this policy interven- 
tion. 

The November 1985 federal compliance deadline for land disposal facili- 
ties is not associated with decreased use of in-state land disposal facilities 
(see Table 7). This is supported by Table 2, which shows no dramatic changes 
in the numbers of land disposal facilities in the state during 1985 and 1986. 
Increased treatment and recycling imports shown in Table 9, and a parallel 
increase in use of in-state recycling facilities shown in Table 7, may reflect 
the impacts of landfill closures in other states. 

As previously noted, the January 1985 change in the federal regulatory 
definition of recycling is significant in the in-state and export recycling 
models. The coefficient is positive but nonsignificant in the import model. 
This response was anticipated because the regulatory change expanded the 
circumstances under which wastes destined for recycling were required to be 
reported through the manifest system. 

The December 1985 federal restrictions on burning hazardous waste and 
waste oils for energy recovery also had the predicted effect. The coefficient 
for this intervention was negative and significant in two of the three incinera- 
tion models (Tables 7 and 9). 

DISCUSSION 

This analysis provides evidence that New York State was successful in influ- 
encing hazardous waste generators to use less risky technologies for manag- 

Table 12. Total annual waste volumes exported from New York State, 1983-1986 
(millions of kilograms). 

Year Landfill Incinerate Recycle Treatment Total 

1983 5.61 15.08 4.71 31.36 56.75 
1984 13.89 16.01 6.29 48.69 84.88 
1985 31.23 11.72 10.51 61.80 115.26 
1986 36.84 18.24 18.38 48.58 122.04 
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ing their hazardous wastes, and indirect evidence that the state's policies 
may have also prompted generators to reduce the total amounts of waste 
they produced. However, the evidence also indicates that this success may 
have altered the allocation of environmental risks between New York and 
other states. 

The state's superfund tax, with its rate structure based on waste manage- 
ment technology, appears to have influenced some generators to switch from 
land disposal to treatment, a lower-risk technology. There is also evidence 
that New York's initiatives restricting the disposal of certain types of hazard- 
ous wastes at in-state landfills had the intended effect: reduced reliance on 
land disposal and increased use of alternative management technologies. The 
impacts of the land disposal bans on aggregate use of landfills are not strong 
or consistent, which may reflect the relatively minor proportion of wastes 
covered by the restrictions. The impacts of these interventions are more 
apparent on use of alternative management technologies, which may reflect 
their greater sensitivity to small changes in behavior. 

The 1985 increases in the state's superfund tax and its program fees both 
appear to have discouraged imports to in-state landfills. Wastes that might 
previously have been shipped into New York may have been diverted to less 
costly landfills in other states, thus shifting the risks of land disposal to those 
states. 

New York's restrictions on land disposal did not result in a significant 
increase in exports to out-of-state landfills, but did increase waste shipments 
to other states for management by alternative technologies. Increased ex- 
ports for incineration and recycling following the land disposal bans may 
have represented a net shift of wastes from New York to other states. There is 
evidence that the shift in response to the 1984 land disposal ban may have 
been compensated by a decrease in land disposal exports (see Table 8), but 
this was not the case following the December 1985 ban. Overall, there was a 
7-percent net increase in exports to other states between 1985 and 1986 (see 
Table 12). 

There is also indirect evidence of source reduction occurring coincident 
with several of the state's interventions. Between 1985 and 1986, there was a 
32-percent decrease in waste management at in-state TRDFs, which was 
primarily the result of reduced use of land disposal and treatment facilities. 
These decreases were not fully balanced by either increased exports or shifts 
to other handling methods (see Tables 10 and 12). The inverse relationship 
between the state economic control variable and the volume of wastes 
shipped to in-state land disposal facilities may also be indicative of a source 
reduction trend. 

New York's policy initiatives to alter generators' waste management deci- 
sions appear, therefore, to have been largely successful. These findings 
should be tempered, however, by recognition that data available in the pub- 
lic domain limit the potential to fully specify models of hazardous waste 
management transactions. Prices for hazardous waste management services 
are negotiated between generators and the operators of commercial TRDFs, 
and data on facility capacity are not reported on a regular basis by TRDFs. 
The capacity controls included in the models analyzed here are limited to 
measures of the numbers of permitted facilities at a given point in time. 

In the absence of uniform federal policies, imposition by several other 
states of taxes and constraints similar to those of New York would tend to 
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shift some of the costs of higher-risk waste management to those states that 
do not take similar initiatives. In the case of the landfill bans, subsequent 
implementation of federal land disposal restrictions pursuant to the 1984 
Hazardous and Solid Waste Amendments (HSWA) should have produced a 
more consistent regulatory environment. However, RCRA, as amended by 
HSWA, still permits states to impose regulations more stringent than those 
promulgated by EPA. While states have been preempted from imposing taxes 
analogous to the federal superfund tax, which is assessed on certain raw 
materials used by the petrochemical industry, states have been free to tax 
waste disposal so long as taxes do not discriminate against wastes generated 
out of state. 

States, therefore, remain free to set additional restrictions on land disposal 
of specified wastes as well as to impose other costs that alter the marginal 
costs of alternative methods of hazardous waste management. These can 
alter the flow of hazardous waste among the states, shifting the risks associ- 
ated with such facilities to those states with less stringent regulation or 
taxation. The New York policy initiatives demonstrate that the spillovers 
from variation in state environmental regulatory policies are not limited to 
those resulting from "underregulation." In certain environmental policy ar- 
eas, such as toxic and hazardous waste management, where public concerns 
with environmental and public health effects have overridden concerns with 
raising the costs of producing goods and services, states may have an incen- 
tive to regulate and raise the costs of hazardous waste generation and man- 
agement more so than their neighbors. Federal preemption could eliminate 
such spillovers, but at the cost of curtailing experimentation and innovation. 

The authors acknowledge the assistance of Hengsuk Choi in some of the early exploratory 
analysis and in developing the seasonal control variables. 

ROBERT E. DEYLE is Assistant Professor of Urban and Regional Planning, 
Florida State University. STUART I. BRETSCHNEIDER is Professor of Public 
Administration in the Maxwell School and Director of the Center for Technology 
and Information Policy, Syracuse University. 
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