A RAND NOTE

RAND

Market Response to the Government
Regulation of Toxic Substances:
The Case of Chlorinated Solvents

Thomas W. Chesnutt

March * ™88



The research described in this report was funded at least in
part with Federal funds from the U.S. Environmental Protection
Agency under Cooperative Agreement No. CR-811034-03-0.

The RAND Publication Series: The Report is the principal publication documen-
ting and transmitting RAND'’s major research findings and final research results.
The RAND Note reports other outputs of sponsored research for general distri-
bution. Publications of The RAND Corporation do not necessarlly reflect the
opinions or policies of the sponsors of RAND research.

Published by The RAND Corporation
1700 Main Street, P.O. Box 2138, Santa Monica, CA 90406-2138



A RAND NOTE N-2636-EPA

Market Response to the Government
Regulation of Toxic Substances:
The Case of Chlorinated Solvents

Thomas W. Chesnutt

March 1988

Prepared for
The U.S. Environmental Protection Agency

RAND







i-

PREFACE

This Note documents research undertaken to develop a methodology for
evaluating the response of economic markets to the regulation of toxic substances. The
study applies 'the methodology, which involves both a technical and an empirical
analysis, to the markets for chlorinated solvents.

- The research was performed under a cooperative agreement between The RAND
Corporation and the U.S. Environmental Protection Agency (EPA). The methodology
and results should be of interest to those who regulate toxic substances.

Related RAND studies under the same cooperative agreement with the EPA

include:

* Adele R. Palmer and Daniel F. Kohler, Existing Chemicals Regulation Under
the Toxic Substances Control Act: Models and Methods for Policy
Evaluation, N-2259-EPA, June 1985.

* Adele R. Palmer and Timothy H. Quinn, New Chemicals Regulation Under
the Toxic Substances Control Act: Models for Policy Evaluation,
N-2455-EPA, September 1986.

* Frank Camm and Daniel F. Kohler, Analyzing the Transitory Costs of
Regulation with an Application to Toxic Chemicals, N-2586-EPA, August
1987.






SUMMARY

Under the Toxic Substances Control Act, the U.S. Environmental Protection
Agency (EPA) must oversee a wide range of chemicals that may harm humans or the
environment. If each potentially toxic chemical were used completely independently of
other potentially toxic chemicals, regulatory analysis of any chemical could ignore the
effects of regulation upon other chemicals. If, as is the case, users of a chemical can
substitute other chemicals, regulatory analysis must account for the second-order effects
of regulation on the other chemicals.

This study argues that implicit risk tradeoffs among chemicals occur repeatedly as
the response of economic markets to government regulation. It recommends, therefore,
that such tradeoffs be formally incorporated into the analysis of regulatory alternatives.

Using publicly available historical data on chemical markets, the study builds a
methodology to formally handle economic interrelationships among chemicals. The
methodology can be used to analyze the effects of regulatory alternatives being
considered by the EPA. i

The case of markets for one set of functionally related chemicals—chemical
solvents containing chlorine in their chemical structure—demonstrates the construction
and application of an empirical model of related markets. The empirical model first '
measures the underlying economic forces to document the later effect of government
regulation The magnitude of government regulation, once documented, is then formally
modeled and measured. Last, the model of interrelated markets is applied to demonstrate
the systemwide effects of regulation on one or more chemicals.

The methodology bases the empirical analysis on a technical analysis. The
construction of a model of economic relationships requires a sound understanding of the
chemicals and their technical relationships. The technical knowledge, combined with the
available data, ultimately drives the deterministic form of such a model.

The formal model links the use of a solvent to the levels of economic activity in
various sectors of the economy that use the solvents. This detelministic_form also
includes sector-specific relative price measures to capture the effects of substitution
among the sotvents. A formal method to test for the endogeneity of the price measures
shows the need to allow for the codetermination of price effects in a model of chlorinated

solvent use.
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The statistica} estimation of the magnitude of the deterministic parameters, in turn,
depends critically on the nondeterministic nature of the data. Account must be made for
stochastic effects across chemical markets and through time. The deterministic and
nondeterministic portions of the model of chlorinated solvent use are combined into a
series of steps to follow in statistical estimation of model parameters.

The results of the estimation process applied to chlorinated solvent markets show
the considerable effect of regulatory pressure on two chlorinated solvents:
perchloroethylene and trichloroethylene. The models for markets of other chlorinated
solvents that experienced a lower degree of regulatory pressure exhibit smaller effects in
formal estimation. Among several alternatives for developing a proxy for the regulatory
pressure on trichloroethylene, a flexible logisfic proxy shows the most promise. Finally,
an application of the chlorinated solvent use model evaluates the effect of regulation
manifested by an increase in the implicit cost of using the regulated chemical.

The historical approach, incorporating both a technical and an empirical analysis
to examine the effect of regulation on markets for chlorinated solvents, demonstrates the
implicit risk tradeoffs that occur when markets substitute among chemicals in the
presence of regulation. In the future, the model may be used to analyze proposed

regulatory alternatives.
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. INTRODUCTION

The U.S. Environmental Protection Agency (EPA) receives notification of over a
thousand newly created chemicals each year. The Toxic Substanées Control Act (TSCA)
charges the administrator of EPA with oversight of these chemicals in addition to all
existing chemicals (GAO, 1984b). Needless to say, this is a monumental responsibility
covering more than sixty thousand chemicals that have been used commercially (GAO,
1984a). |

This study lays out one empirical methodology for use in regulatory analysis. The
methodology presents a formal way to incorporate historical information into the analysis
of the effect of government regulation on related chemicals. This study demonstrates the
methodology using one set of functionally related chemicals—the chlorinated
solvents—and seeks to establish a strong technical understanding of these related
markets upon which to build a model that measures the market relationships. The
historical approach taken looks back over the last twenty years of interactions in these
chemical markets to measure the impact of previous government regulation.

Section II provides analysis necessary to understanding the chemicals involved,
information on their production processes and costs, and an overview of their markets.
Section III describes the Chlorinated Solvents Data Base (CSDB) and specifies the
systematic and nonsystematic portions of the formal model. Next, the empirical results
generated by the estimation of the model of markets for chlorinated solvents are
presented. This model is then used to simulate the effect of the imposition of costly

regulatory controls upon one of the chemicals.
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Il. TECHNICAL ANALYSIS

This section provides the technical analysis necessary to understand the
interaction of production and use of chlorinated solvents. The construction of a model of
chlorinated solvents that usefully enumerates this interaction necessitates a solid
understanding of these technical underpinnings. '

First the chemical solvents are introduced, giving a little of their history since
discovery. Next the cost of production is addressed, discussing how knowledge of the
production processes and the cost of the feedstocks can be used to estimate the marginal
feedstock cost for each solvent. Last is a historical overview of the production levels, the
various end uses, and regulatory actions taken against the chlorinated solvents.

THE CHEMICALS

Chlorinated hydrocarbons have been in existence since 1821, when Faraday
formed perchloroethylene by the thermal decomposition of hexachloroethane in 1821.1
Development of other chlorocarbons continued throughout the carly part of that century.
Licbig derived chloroform in 1831 by treating chloral with an alkali. Dumas and Peligot
produced a form of methyl chloride by heating methanol with sulfuric acid and sodium
chioride in 1835. By 1839 Regnault had obtained carbon tetrachloride by chlorinating
- chloroform. Then in 1840 he chlorinated methyl chloride in sunlight to produce v
methylene chloride and was later able to isolate 1,1,1-trichloroethane. Fischer formed
trichloroethylene by reducing hexachloroethane with hydrogen in 1864.

Although chloroform was the first for which large commercial application was
developed, as an early general anesthetic, it was later displaced by other more effective
and less toxic compounds. Large-scale commercialization of other chlorinated solvents
did not occur until the early 1900s, when a process for liquefying chlorine became
commercially viable. This transportable form of the raw material chlorine opened
commercial possibilities for chlorinated solvents. The growth of markets for chlorinated

Material for this section and the next come primarily from Merck (1985), Kirk-
Othmer (1985), and Considine (1984).
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solvents has been strong ever since, rivaling the rapid expansion of petrochemical
markets. i

Chloroform, carbon tetrachloride, and methyl chloride have now been supplanted
in most of their original end uses. At present they are primarily used as intermediates in
the production of other chemicals. Several other chlorinated solvents, however, find -
commercial application in the wide variety of end uses that accounted for the rapid
market growth for chlorinated hydrocarbons. These solvents compete vigorously for
position in rapidly changing markets. Though many of the chlorinated solvents can
substitute for others, each possesses individual chemical characteristics that render it
more or less suited for a particular application. The overlap of economic and technical
suitability has made for a complex history of interaction among the chlorinated solvents
in the last twenty years. The following are the names and abbreviations for the
chlorinated solvents that form the basis for our study:

The chemical structure and production technology for the chemicals may be found
in Appendix A.

COST OF PRODUCTION

To understand the economic forces driving the markets for chemical solvents,
some account must be made of the effect of changes in the costs of producing the
solvents. This subsection describes how data on the costs of feedstock chemicals may be

combined to estimate the marginal feedstock cost for each solverit.

Chemical ' Abbreviation
Chlorofluorocarbon 113 (Trichlorotrifluoroethane) CFC-113
Methylene chloride (Dichloromethanc) METH
Methylchloroform (1,1,1,-Trichloroethane) TCA
Perchioroethylene (Tetrachloroethylene) PERC

Trichloroethylene ' TCE
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Feedstock Prices

Price data on the chemical solvents are of obvious importance in trying to
understand historical market fbrces. The identification of supply and demand forces
through time, however, requires that one control for cost shifts. For example, an increase
in the costs of feedstock chemicals will increase the marginal production cost of the
resultant chemical. This may be interpreted as an upward shift in the supply function for
that chemical, since producers would have to be offered a higher price to maintain the
same level of production. It is essential to control for these shifts in the supply curve to
identify a market demand function. Hence it becomes necessary to obtain measures for
the costs of inputs to chemical solvents.

To develop a time series of the material costs of various production processes,
monthly bulk prices were collected for the chemical solvents and their feedstocks from
the Chemical Marketing Reporter (CMR). Estimates for natural gas prices come from
the Monthly Energy Review and the Natural Gas Monthly. Liquid propane prices come
from Platts Oil Price Handbook and Oilmanac, 61st Edition, 1984. The solvents’ prices
will be used in the estimation of a market model and their feedstock prices will be used
to control for changes in the marginal cost of production. The units on all prices were
converted to a dotar price per metric ton. ’

Because of the units used in the CMR or because of changes in the units used,
some standardization of prices was required. In particular, prices listed by volume -
(gallon) had to be converted to weight (metric tons) using a density coefficient. For
example, each gallon of liquid propane gas (LPG) wéighs about 4.88 pounds (—44.5°C).
To convert a price given in cents per gallon to dollars per pound, the original price must
be divided by 4.88 X 100. This, in turn, must be divided by 2204.62 to give a price in
metric tons. The following density coefficients were used:

Chemical Density Temperature Referénce

Methanol 0.7928 g/ml 20°C 4°C H,0
TCA 1.3249 g/ml 26°C 4°C H,0
Methane  0.04885Ib/ft> . 20°C

LPG 0.5853 g/ml —44.5°C  4°CH,0

SOURCES: Handbook of Chemistry and Physics, 52nd Edition,
Chemical Rubber Company, and Handbook of Compressed Gas, 2nd Edi-
tion, Compressed Gas Association.




Input-Output Coefficients

To derive a summary feedstock cost for a production process, one needs to know
how many pounds of feedstock are required for one pound of resultant chemical in that
particular production process. Table A.1 of Appendix A shows this physical relationship
between the production process for a chemical and its feedstocks: Though labeled as
"input-output” coefficients, they come directly from the stoichiometric weights in the
chemical balance equation describing a particular production process after accounting for
production inefficiencies. v |

To illustrate the derivation, the input-output relationship of the PERC required in
the production of CFC-113 may be found by applying the following general formula:

Precursor Molecular Weight

I- fficient =
O coefficien Resultant Molecular Weight

1 ' 1
X X
Efficiency (1 — Fraction Emitted)

The molecular weight for PERC (C, C1,) is 165.85 and that for CFC-113 (C,C3Fy) is
187.39. The production efficiency of the process used to create CFC-113 (reaction of
hydrogen fluoride and chlorine with PERC) has been estimated by industry sources as
0.98 and the fraction emitted has been estimated to be 2 percent. This yields the

following calculation.

. . 16585 1 1
I-0 of PERC into CFC-113: 18730 * 098 * 098 =092

Feedstock Costs

Appendix B also contains two tables from a static analysis of the importance of
various feedstock chemicals in the production of chemical solvents. Table B.2 shows the
share of each feedstock cost as a proportion of total material costs. From this, one may
see the relative-importance of each feedstock within any one manufacturing process.

More important, however, might be the relative importance of the cost of a
feedstock to the total production cost of a manufacturing process. One measure of the
sensitivity of total production cost to a feedstock cost is an elasticity: It shows the
percentage increase in production cost that comes about from a 1 percent increase in the
feedstock cost. In the shdrt run where the capital stock is fixed, the elasticity may be
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calculated by multiptying the share given in Table B.2 by the proportion of total.
production costs taken up by material costs.2 Table B.3 shows this calculation for
midsized production facilities running at 75 percent of full capacity. The elasticities for
material costs in large-sized production facilitics will be larger, since material costs form
a larger proportion of total costs.

Although the static analysis is interesting for understanding the present situation, it
will not help for understanding and measuring the historical role of feedstock costs in
solvent markets. To estimate the historical feedstock costs for one process, one need
only weight the price of the feedstocks by their respective input-output coefficients. To
generate the summary measure of feedstock costs for any given chemical, the different
processes used to manufacture one chemical must be combined. Rather than assume a
constant share for each production process, estimates were derived for how they vary
through time. These share estimates are reported in Table B.4. The summary measure of
feedstock costs will permit control for bias in the empirical model of chlorinated

solvents.

THE MARKETS FOR CHLORINATED SOLVENTS
’ This subsection presents historical and current data on production and use of the

five major chlorinated solvents.

Historical and Present Solvent Production

Table 1 shows annual production for each chlorinated solvent from 1964 through
1985. Figure 1 pictorially displays quarterly production, smoothed by an annual moving
average. The data for PERC, TCE, TCA, and METH were taken from the U.S.

- International Trade Commission (ITC) Reports.3 Because CFC-113 is manufactured by
only two producers, production data are not reported to the International Trade
Commission. The values in Table 1 were estimated using the published literature and
input from producers.

2This is true because the derivative of total production cost with respect to the cost
(price) of a feedstock will reduce to the derivative of total material cost, which is the
input-output coefficient. The levels of feedstock price and the total production cost, used
to standardize the above slope, may be algebraically juggled to produce the above result.

3These reports were known as the U.S. Tariff Commission Reports before and includ-
ing 1973.



- Table 1

ANNUAL PRODUCTION OF CHLORINATED SOLVENTS
(In thousands of metric tons)

Year TCE PERC TCA METH CFC-113

1964 168 166 — — 12
1965 197 195 — — 12
1966 218 210 110 — 13
1967 222 242 126 119 14
1968 235 289 136 137 15
1969 271 288 147 166 17
1970 277 321 166 182 19
1971 234 320 170 182 19
1972 194 333 - 200 214 22
1973 205 320 249 236 29
1974 176 333 268 276 31
1975 133 308 208 225 29
1976 143 303 286 244 31
1977 135 279 288 - 217 37
1978 136 329 292 259 39
1979 145 351 325 287 50
1980 121 347 314 256 57
1981 117 313 279 269 57
1982 103 265 270 241 57
1983 276 248 266 265 57
1984 —_— 260 306 275 68
1985 — 224 268 263 - 73

SOURCE: U.S. Tariff Commission Reporis (1964-1973) for
TCE, PERC, TCA, and METH; U.S. International Trade Commis-
sion Reports (1974-1985) for TCE, PERC, TCA, and METH;
RAND estimates for CFC-113.

TCE production grew steadily through 1970 and declined steadily thereafter. The
events that led to this decline are detailed below. In later years—1984 and 1985—
production data for TCE were not published by the ITC, since all but two producers had
closed their plants by then.*

The PERC production data show continued growth through the mid-1970s, a slight
dip, and strong growth again through 1981. The significant decline in recent years is a
result of several factors, mentioned below but discussed in much more depth in Wolf and
Myers (1987). . '

“The large jump in reported TCE production in 1983 may reflect stockpiling by the
manufacturer that stopped producing in 1984.
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TCA production levels increased over the twenty-year period, with a decline in
1982 and 1983 because of the recession. .Pnoduction of TCA is presently higher than for
all other solvents, illustrating its technical diversity.

METH production exhibited strong growth in the early years and sustaining levels
from the mid-1970s onward. The solvent is cumeﬁtly under regulatory scrutiny by EPA’s
Office of Toxic Substances.

CFC-113 production is lower than that of any other solvent in Table 1.
Nevertheless, its growth in the last decade has been startling and has been much greater
than that of the other solvents. _

Production of at least four of the five solvents declined in 1985. Because of the
strong dollar in that year, imports increased and exports decreased significantly. It is
notable that the lower production levels reflect this trend and that demand for the solvents
in the United States did not necessarily decline. Thus it will be important to subtract out
exports and add in imports to production values to arrive at a better proxy for total U.S.
demand.

Solvent End Uses

Each solvent is used in a variety of diverse applications. Table 2 provides a brief
summary of the linkages between end uses and solvents; it shows the share of the
production of a chlorinated solvent taken up by a particular end use in one year. These
estimates come from Wolf and Camm (1987), which may be referred to for a more

Table 2
SHARE OF CHLORINATED SOLVENTS IN END USES

End Use TCE PERC TCA METH CFC-113
Metal cleaning 80 10 63 8 15
Dry cleaning and textile processing — 53 — — -3
Adhesives — — 10 — —
Aerosols and foam blowing — — 7 25 _—
Electronics — — 6 7 52
Paint remover — —_ — 23 C—
Chemical processing and intermediate 5 28 4 20 —_

Miscellaneous uses 15 9 10 17 16
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thorough analysis of end uses. For the present purposes, the outline of uses in Fable 2
will serve as a preliminary to understanding the basis for the model of chlonnated
solvents and to give a flavor of the range of solvent appllcaIJons

Most of TCE is used in metal cleaning, although some is used as an intermediate
in a polymerization reaction of vinyl chloride. Miscellaneous uses include fabric
scouring, adhesives, fungicides, paints, and pharmaceuticals.

More than half of PERC production ends up in dry cleaning and textile processing
applications. The production of CFC-113 uses a significant portion of PERC as a
chemical intermediate. Some PERC is used in metal cleaning, and miscellaneous uses
include grain fumigation, automotive cleaners, household products, and pharmaceuticals.

The majority of TCA production goes toward metal cleaning end uses, although it
also finds application in a wide range of other uses: adhesives, aerosols, electronics, and
as a chemical intermediate for vinylidene chloride. Miscellaneous uses include textile
scouring, drain and septic tank cleaners, grease cutters, pharmaceuticals, and the
weatherproofing of leather products.

Paint removers, aerosols, and chemical processing form the major uses of METH.
METH also finds significant application in the cleaning of electronics and metal parts. ‘
Other uses include decaffeination of coffee and spices, grain fumigation, and mildew
proofing. »

About half of CFC-113 production is used in the electronics industry for critical
cleaning and the defluxing of printed circuit boards. It is also used in metal cleaning and,
to a lesser extent, for the dry cleaning of specialty items. Miscellaneous uses include the
manufacfure of polyolefin foams, refrigerants, and a fluoropolymer. It is also used as a

cutting fluid and as a reaction and carrier medium.

Regulatory History: Qualitative Timellne

During the last two decades, several events have influenced the metal cleaning use
of chemical solvents. Such events include regulation or proposed regulation of various
types and various changes in market conditions. Markets do not snaigh&ommdly react
to such exogenous shocks—some events are expected and others not. Because this
nonstandardized response to unknown forces prevents easy numerical representation,
knowledge of these events is retained in a qualitative form. Awareness of the larger
forces acting on chemical solvents and metal cleaning markets must be melded into any’
quantitative analysis of these markets. Figure 2 summarizes these events for each
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AGGIH: American Conference of Government and industrial
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TCE
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CPSC: Consumer Products Safety Commission

National Cancer Institute
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Fig. 2 — Qualitative events time chart
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chemical solvent in the form of a timekine.’

~ Appendix B contains a more complete
description for each chemical and includes some general events that may have influenced
the use of all of the solvents. '

PERC. Most of the changes in the TLV for PERC occurred before the relevant
period of study. Its level of production has been closely linked to the production of
chloroftuorocarbons, which use PERC as a feedstock. The use of PERC as a solvent
increased through the early 1970s as users substituted away from other solvents, but
negative test results showing adverse effects slowed this gain in the late 1970s.

TCE. A powerful and relatively cheap solvent, TCE found wide application in
. metal cleaning end uses during the 1960s. Its use began to slacken when local
governments began to regulate it as épossible photoreactive substance. Los Angeles
County became the first and most notable area to regulate in 1969 with others following
suit in the ensuing years. Positive carcinogenicity test results in mice and EPA
restrictions on emissions hastened the decline of TCE use in the 1970s. The American
Conference of Governmental Industrial Hygienists (ACGIH) recommended its TVL be
further lowered in the early 1980s and use can be expected to decline in the future.

TCA. TCA has become the slosh solvent of choice. Though the ACGIH
recommended its TVL be lowered in 1968, jt came to be the substitute solvent that
captured much of the TCE market. Most test results have proved inconclusive.

METH. Methylene chloride is a popular degreasing agent that has more recently
come under scrutiny as a possible carcinogen: The ACGIH recommended its TVL be
lowered in 1976 and the recommended level was cut in half again in 1981. Clear test -

evidence of carcinogenicity may limit its future growth.

>We exclude CFC-113 because it still retains the highest threshold limit value (TLV)
permissible and a recent animal test was negative. In effect, it has experienced no bind-
ing regulatory events, although it is presently under EPA scrutiny as a suspected ozone
depleter.
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lil. EMPIRICAL ANALYSIS

OVERVIEW OF THE EMPIRICAL ANALYSIS

Given the background provided by the technical analysis of the last section, we
now turn to the construction of a formal econometric model to enumerate the forces that
drive the markets for chlorinated solvents. The discussion of this empirical analysis will
be broken down into conceptually distinct subsections: data, model specification, and
estimation results. This overview provides an introduction to the modeling concepts

addressed in each subsection of the empirical analysis.

Data
The construction of a formal model critically depends on the quality and
availability of data describing the phenomenon to be modeled. Furthermore, the validity
of the enumeration will also determine the validity of statistical inference from a formal
model. Hence, it is natural to start the discussion of a model of chlorinated solvents with
a review of the empirical measures available for modeling.
The Chlorinated Solvents Data Base (CSDB) contains measures of aggregate
‘solvent use, solvent price, and indices of the level of economic activity in the sectors of
the economy that use solvents. This subsection preSents the origin of these data and

issues related to their validity.

Modél Specification

The econometric methodology employed to specify the model for chlorinated
solvent use is broken into two distinct parts—systematic and nonsystematic effects.
First, a model must specify how'systcmatic forces can change the use of solvents. This
"structural form" of a model defines how these systematic effects occur. Next, a model
must specify the nature of nonsystematic forces: how observations may randomly depart
from the (hyper)plane defined by the structural form. Any information contained in the
nonsystematic effects can be used to improve the estimates of the systematic effects. It
should be noted, however, that specifying the systematic form of a model has much
- greater implications for estimation than specifying the nonsystematic form.,
Misspecification of the structural form will lead to estimates of model pafameters that are
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biased (off target) and even inconsistent (biased with increasing sample size).
Specification of nonsystematic form—though improving efficiency (a nontrival issue
with the limited data available)—cannot correct for the bias of a misspecified structural
form., _

The specification of systematic forces in the model are laid out in a logical
progression to show the derivation of the final model form. Emphasis is placed on the
features of the structure that allow price effects to be identified, since the direct effect of
solvent prices, in turn, identifies the main workings of the solvent markets. A short
discussion of the difficulties in measuring regulatory effects concludes the subsection
describing the specification of systematic effects.

The specification of nonsystematic forces in the model follow under the title of
"Error Structure.” There will be randomness associated with the systematic model
above, since every point will not lay on the regression plane. The nonsystematic error in
the model is defined by the vertical distance of any point from the plane defined by the
systematic model. If there are patterns associated with the random errors of a model, the
~ information in this "structure” must also be specified to obtain, in our case, efficient
estimation. The specification of the error structure entails setting forth what departures
from pure randomness may be expected, tests for the different types of pattemé, and a
method for incorporating the information contained in the nonsystematic forces into the
estimation of the systematic forces. The error structure is derived analytically and a

method of estimation is set forth in a series of steps.

Estimation Results

At the heart of the empirical analysis stands the measurement of a regulation’s
effect on the markets for chlorinated solvents. The first step toward measuring
regulatory effects involves the construction of a model that describes the linkages among
the solvent markets without regulation. Only when a market model has been constructed
can regulatory forces be separated from market forces.

The last subsection documents the effect of regulatory pressure by comparing a
model of solvent use that captures only market effects with the actual use of solvents
under regulation. An evaluation of the behavior of the model then precedes a discussion
of possible proxies for regulatory pressure. Finally, for demonstration, a simuiation of
costly regulation is run using the TCE and TCA markets.
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THE CHLORINATED SOLVENTS DATA BASE

Total Solvent Use v _

No perfect measure of the total use of solvents is available; instead, only measures
of sales and production can be found. These could be inaccurate measures of use if some
of the solvents are placed into inventory immediately after production and before sale.
Even after the sale, there may be a lag before delivery. In general, though, chemical
solvents are a very bulky product requiring large amounts of space to store. Since
solvents are costly to store, producers tend not to produce them in batches but rather in a
continuous process.

The model of chlorinated solvents will use the production rather than the sales
data as the dependent variable for several reasons. The production and sales data tend to
move very closely together, lending weight to the assertion that the solvents do not stay
long in inventory. The ITC also reports the production of solvents each month, making
possible a higher degree of precision in parameter estimation. In addition, sales data can
omit transactions intemal to one chemical plant. In the interrelated world of chemical
production, the output of one process may be the input to another within the same
production facility. Such a transaction would be captured in the ITC production figure
and omitted in a sales figure. '

To arrive at a closer measure of the total solvent use within the United States,
account must be made of fluctuations in the level of imports and exports. If these were
left in the‘ aggregate production figures, they would need to be explicitly modeled. The
proxy for the total domestic use of solvents will subtract expoﬁs and add imports to the
production quantities reported by the ITC.!

Solvent Prices ,
The available measures of solvent prices—like the available quantity measures—
do not directly measure the object of interest.? Instead of a transaction or market price,

1Since trade has been netted out of the dependent variable, it need not be explicitly
modeled. Alternatively, imports and exports could be viewed as a worthy topic for a
separate model. This is not attempted in this Note.

2Even the true market price for a solvent does not reflect the cost of using the solvent.
This would include the cost of other required inputs such as energy and capital. Prelim-
inary estimates suggest that capital costs make up an important part of the cost of using a
solvent. See Camm and Kohler (1987) for an approach that addresses the important issue
of transition costs.
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the price measures in the CSDB represent a list price that may not reflect price discounts
occurring between the distributor and the ultimate user. To discover whether list price
measures the actual transaction price, an "average" selling price (unit value) may be
imputed (total sales revenue divided by the total sales quantity). »

A selling price (unit value) was calculated from the sales data reported by the ITC.
The simple correlation coefficients between the average annual list and imputed sales
prices are generally very high. The plots of these prices through time reveal that the
correlation is not a perfect one. In particular, the plots for all solvents show a high
degree of divergence between prices in 1979 indicating some systematic shock captured
by sales prices that is not reflected in the list prices. A unit list price will also not capture
changes in the units in which the solvent is purchased. The perchloroethylene list price,
for example, increased throughout 1966 even though the average purchase price declined
as a result of a general increase in bulk purchases. Since the sales price more accurately
reflects these market forces, it will be used in the construction of a model of cMoﬁnated

solvents.

End Uses
To measure the level of economic activity in the parts of the economy that use

chlorinated solvents, several indices of industrial production reported by the Federal
Reserve Board are used. Serious problems in mismeasurement of the indices of
industrial production are not expected, rather the problem is one of aggregation. How
well does the well-measured aggregate index capture the exact sectors of the economy
that use chlorinated solvents? To some extent, these indices of economic activity will
remain imperfect measures: They will include some acti\éities that do not pertain to
solvent use and exclude activities that do. Careful selection of indices can decrease the
divergence. The indices in the CSDB come largely from series published monthly in the
Federal Reserve statistical release, "G.12.3: Industrial Production.” One exception is the
index for the level of economic activity in the dry cleaning sector. Since this is
considered a service sector, the Federal Reserve presently publishes no index. A 7
measure reported by the Bureau of Labor Statistics showing the number of manhours per
week employed in the dry cleaning sector is used as a proxy,3

3For the above proxy to exactly match a measure of dry cleaning output, a constant

refationship between the labor input and the output must hold through time. The direct
measures of dry cleanix_lg output over time are available on less than an annuat basis.
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MODEL SPECIFICATION: SYSTEMATIC EFFECTS
The models will use the following designations:

y = Total use of a chlorinated solvent, excluding exports and including imports (four main solvents:
PERC, METH, TCE, and TCA. CFC-113isa special case because of its relationship to PERC).
X = Index of industrial production for an end use that uses one or more solvents as inputs
(k possible end uses).
P = Market price of a chlorinated solvent.

Specification of Solvent Use
In a very straightforward form, a model for the use of one solvent could be

expressed as a linear relation between total use of a solvent and its individual end uses.
Y=PBo+BiX; + B X+ B X - (B

Here the B’s represent a measure of intensity of the solvent use in the industrial
sector X. A model estimated on the above equation, by estimating one value for B,
implicitly assumes that the intensity of solvent use remains constant over time. This is
known to be false. The intensity of use has changed with improved technology. The
model above also excludes consideration of solvent prices and regulatory actions that can
also affect the intensity of use of a solvent. Instead the coefficient of the intensity of use,

B, will be explicitly modeled as a function of other forces.
B; = f(P s Posher» Regulatory Pressure, Technological Change)
Each determinate of the intensity of use will be discussed in turn.
Specilfication of Price Effects

Specifically, the coefficients of the intensity of use, the B’s, are made functionally
dependent on the price of the solvent relative to the price of substitute solvents:

31 =0y + al(Pown/PoLher) 32

To illustrate what this means in terms of the original solvent use relationship,
substitute (3.2) into a simplified version of (3.1)

The number of manhours per week corroborates closely with the available direct meas-
ures.
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y=Bo+B/X,
to find
Y =Bo+ 0pX; + 04 [X; (P /P other)] ' (3.3)

Note that the relative price specification possesses several advantages. The ratio
form of prices will control for any constant movement in the prices through time, thus
obviating the need to decide upon a price deflator. Any deflator used on the separate
prices would cancel out in the ratio form. A relative price can also be interpreted within
economic theory as the relevant constraint for the cosf-minimizing choice of inputs with
capital/output fixed in the short run.*

A very powerful statistical advantage of the relative price specification lies in the
reduction of the number of parameters requiring estimation. Given the limited history
contained in the Chlorinated Solvents Data Base, model parsimony could be a sufficient

justification for the use of relative prices.

Identification of Price Effects

The measures of price enter into the equation for solvent use as fixed values,
exogenously determined. If instead prices are also codetermined by many of the same
forces acting upon solvent use, the estimates of pn‘cé effects will be confounded. In
econometrics, this is kriown as the idenﬁﬁ_cation problem—one has not identified the
effects one wishes to measure. For example, if the system of equations does not control
for changes in the cost factors, a shift in a supply curve may be mistaken for a movement
along a demand curve. If prices are determined within the system and the model ignores
this codetermination, then bias is induced in the estimate of a price effect. This is known
as "endogeneity bias."

Fortunately the specification of exogenously determined price measures can be
empirically tested using a specification test proposed by Hausman (1978). To test the
endogeneity of a set of variables in a regression equation, one needs to find a set of
instruments correlated with the possibly endogenous variables, yet uncorrelated with the
original regression error. In our Case the constructed measure of the marginal feedstock

“The simple argument presented above also ignores the cost of the capital using the
solvent as an input. See Camm and Kohler (1987) for a closer look at the issue of transi-
tion costs in substitution.
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-cost for a particular solvent and its substitutes can serve as instruments for the price of
that solvent. Since the marginal feedstock costs are uncorrelated with the solvent use
error term, endogeneity will induce no bias in the estimates of their coefficients.

The Hausman test compares two types of estimators in an expanded regression
framework—efficient estimators and consistent estimators. The first type assumes that
the explanatory variables are orthogonal to the error term for efficiency gains. If this
hypothesis proves false, these efficient estimators are biased. The second type of _
estimator makes no assumption regarding the relationship of the explanatory variables to
the error terms and, hence, remains a consistent estimator. |

In the present case, a least squares (LS) estimator will be both consistent and
asymptotically efficient under the null hypothesis that the price measures are exogenous
but will be inconsistent under the alternative hypothesis. The instrumental variable
estimators, By, will be consistent under both null and alternative hypotheses but will not
be asymptotically efficient if the price measures are exogenous. Under the null
hypothesis of exogeneity, the difference between the residuals of the two equétions has a
probability limit of zero, whereas under the alterative hypdthesis the estimates will be
different.

Applied to the use of chlorinated solvents, a Hausman test was applied to test for
the endogeneity of the relative price measures. The test was conducted by first
estimating the solvent use function (3.3) using LS and then reestimating the equation
substituting the prediction from the equation containing the marginal feedstock cost
instruments, labeled MC. Since prediction is the main objective of the instrumental
equation, the most unrestrictive functional form was used. Illustrating using the simple
case of TCA, the following equations apply: '

/\
Yiea = Bo+ 0 Xmetal + 02X metai(PicaPrce)]
where
Xinetat PreaPrcedl = Yo + VX meral + ¥2MCicq + 13MCye,
If the price measures are uncorrelated with the regression error
E(Gp15) = E(G1)

The results of the Hausman test regressions are shown in Table 3. The calculated
Hausman’s test statistic is 3.745, which exceeds the critical value of %2 at the 10 percent
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Table 3

HAUSMAN TEST, TCA USE: SINGLE EQUATION FOR
HAUSMAN TEST FOR ENDOGENOUS PRICES

Variable ‘LS v Variable Label
INTERCEP . —37084.59 ~30601.28 Intercept '
(6950.76) (8278.24)
METDX 1527.33 1814.51  Metal cleaning index
(108.26) (186.78)
MET_ARP -373.00 —651.70  Interaction of thTDX*(TCA_SP/TCE_SP)
(80.73) (165.70)
Q1 —3243.52 —3314.37  Winter dummy variable
(2385.62) (2612.04)
Q2 —5664.60 —5662.42  Spring dummy variable
(2382.66) (2608.55)
Q3 ~1391.79  -1463.52  Summer dummy variable
(2423.55) (2653.56)
R-square 0.820 0.801
Durbin-Watson 1.122 0.960

NOTE: Standard errors are in parentheses.

leve] of significance of 2.706 with one degree of freedom. Thus the null hypothesis of

exogeneity of price measures is rejected, implying the need for the alternative

specification of total solvent use.

Regulatory Pressure and Technologlcal Change

In a statistical sense, it will be hard to separate the effects of technological change

from those of regulatory pressure. New government regulations often bring about or-

hasten technological change. Since their effects tend to be intermingled, they will be

discussed together.

As it stands in the model presented above, regulation and technology are left as

"that unexplained.” To better understand how regulation influenced use, one would need

to include measures of regulation in the modeling. In a univariate sense, a single

measure of regulatory pressure for each chemical might sufﬁce. Unfortunately, it would

be extremely difficult to avoid subjectivity in the derivation of a formal measure.
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If the characteristics of regulation were handled in a multivariate form, one could
specify a vector, I, for each time period. Each element of r would represent an objective
measure of a characteristic of regulation: amount of production capability under local
regulation, amount of production under binding TLVs in the workplace, required
workplace controls, etc. The construction of a meaningful multivariate measure of
regulatory pressure may be no less subjective than the univariate measure. Merely
defining the timing of regulatory events—ignoring the magnitude or extent of the
regulations—takes a nontrivial effort. A

Theoretically, one may add measures of regulatory action or technological change
in the determinates of the B’s. This, it is argued, will be difficult. An alternative to
formal measures of known dynamic forces was proposed by Singh et al. (1976), who
include functions of calendar time in the variables explaining the B’s. These variables
then act as surrogates for all unknown time-related forces affecting the B’s. This has a
similar justification to the use of trend terms in a simple linear regressidn; its validity is
also limited by the closeness of the unknown dynamic force to the specified function of
calendar time.

As an alternative to the systemwide estimation of dynamic time effects, a different
approach is taken. The effects of regulation are documented by estimating the system of
equations over a period without substantial regulation. Projections from the "market"
capturing only market forces are compared with the actual use of solvents under
regulations to show the effect of regulatory pressure. Last, issues in the estimation ofa

‘proxy for regulatory pressure are addressed.

MODEL SPECIFICATION: ERROR STRUCTURE
The systematic portion of a model of chlorinated solvent use has been specified

Yi = fZ;:B) + €,

where y is solvent use, Z is a set of explanatory variables, and p is the set of coefficients
to be estimated. We now specify a structure for the error covariance matrix, E(ee ) = Q.
"The data will be ordered by the index for the solventi=1...M and the index for time t
=1 ... T. Four solvents are being modeled (M = 4) and the time period will depend upon
the period being estimated.
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We make the following assumptions about the error terms e;,.

First-Order Autocorrelation. The stochastic influences on solvent use are
likely to be related over calendar time. To allow for correlation of disturbances over
time, assume that the error term is generated by a stationary, first-order autoregressive
[AR(1)] process

€ = PiiCi -1 T &t

so that the value of the error term depends on its previous value.’

Zero Mean. E(;,) = 0 foralli,t.

Homoskedastic Varlance.® E,.;) =o; for alli, j, t.

Contemporaneous Covarlance. The different chlorinated solvents are
subject to many of the same stochastic influences. For instance the effects of weather or
even the political climate may be similar for all solvents. Hence correlated disturbances
are allowed across solvents for a given time period, i.e., o;; is nonzero fori#j.

These assumptions about the error structure imply the following error covariance |

matrix for €;
E(Ei,slj) = GijIT and E(E,E,) =X® IT
where

C11 912 O13 Oy4

- |G21 O22 O23 24
(MxM)  [O31 O3 O33 O3y
O41 O4z 43 O4q

3 An alternative specification of the time structure would have the value of the error
term dependent upon the lagged values of the error terms in all equations. This is
referred to as a "vector autoregressive model." For situations where the number of equa-
tions is greater than two and the number of observations is limited, one may have
difficulty obtaining prccxse estimates of all the autoregressive parameters. Using a three
equation model, T = 20, Doran and Griffiths (1983) found the assumption of single equa-

-tion AR(1) errors to produce better estimates even when the assumption was not true.
Given our data limitations, the more parsimonious specification of time structure given
above was chosen.

6The hypothesis of a nonconstant variance through time was considered and tested
through a test proposed by Breusch and Pagan (1979) based on the residuals of the
regression equation. The Breusch-Pagan test indicated that the hypothesis could be
rejected at a high level of confidence.
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The complete covariance matrix E(ee’) = Q is more complicated but need not be .
specified to estimate the B and o. The generalized least squares (GLS) estimator of § can
be obtained from

=z 'zylzaly 3 .4)'
Since Q is unknown, however, an estimate for Q must be substituted. It willbe
computationally convenient to find a transformation matrix, R, such that
| | ROR'=E®1 (3.5)
This implies that @' =R’ (Z! ® DR and that Eq. (3.4) can be rewritten
B='cl ez 12’z @ 1y (3.6)

Where Z* = RZ and y* = Ry are the observations transformed with the matrix R. The
.assumption of stationary covariances for the e;’s requires that special treatment be given
the first observation in each equation, since it will depend on the values of the first
observations in all the other equations. Alte'maﬁ?ely, a less cumbersome procedure is to
drop the first observation in the transformation. This approximate estimator has the same
asymptotic properties but loses efficiency by dropping M = 4 observations. The
transformation matrix, R, that satisfies (3.5) is a block diagonal matrix:

Rip 0 0 o
R -0 Rz 0 o
where
P 1 9 0
0 ~Piil 0
R, = .
(T-1)XT :
0 0 0 1

In finite samples, the approximate transformation matrix will not necessarily lead to a
less efficient estimator (Doran and Griffiths, 1983). When the elements Z; and py; are
replaced by their estimates o;; and p;;, the GLS estimator becomes an approximate

estimated general least squares (EGLS) esﬁmator.
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The estimation for chlorinated solvent use proceeds in the folIoWing steps.

1. Estimate the values of the relative price interaction terms from the instrumental
equation containing the marginal feedstock costs. Substitute the predicted values for the
price terms into Z,

2. Estimate p; from the second stage least square (2SLS) on solvent use:

T
E ellel -1

Pu
: Ze

i, t—1

3. Use the estimated values of p for the estimated transformation matrix R. Then
transform the observations, Z* = RZ and y* = Ry .
4. Apply Seemingly Unrelated Regression (SUR) to the transformed observations
to estimate the covariance matrix, ¥, and thence the EGLS estimator:

[(EARE YA Ao ) S

ESTIMATION RESULTS

3

Documenting the Effects of Regulation
The following strategy to document the effects of regulation is adopted. First a

period of time is chosen when government intervention and technical change were small.
A model for use of a chlorinated solvent is estimated over this period, capturing only the
effects of market forces. This market model is then projected forward into a period
where govemmeni intervention or technical change increased. The predictions from the
market models are counterfactual in that they state what would have happened if no
government intervention had occurred. - This is known not to be true. The difference
between the counterfactual predictions of use from the market model and the factual use
shows the effects of those forces excluded from the market model: regulatory and
technical change. Thus, one can formulate the hypothesis that the divergence will be less
for those solvents having a history of relatively little regulation (METH and TCA).
Conversely, those solvents having a history of relatively high regulatory pressure (PERC
and TCE) w1]l exhibit a large divergence between use predicted by a market model and
actual use.”

"More complicated conjectures can be made based upon interactions among the
chemicals. The fact that the less regulated (METH and TCA) were substituted for the

more regulated (PERC and TCE) would also lessen the expected divergence caused by
regulatlon of METH and TCA..
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A Simple Model. To demonstrate the above, a simple modet for TCE wilt be
used. There are two reasons for this. First, TCE has a rich and complex regulatory
history. Although in general an early section of the data (1965-1975) isvchosen to
represent the period with little regulatory activity, this is not strictly true for TCE. As
early as 1968, use of TCE began to be restricted with increasing regulation occurring
throughout the late 1960s and early 1970s. Second, TCE will serve as the problem atic
subject for the section addressing how one may incorporate regulatory pressure in a
formal model. The naive model presented below establishes the need for this analysis.

Yice ™ 113865 - 1886 Xmela] cleaning + 1482[Xmetal cleanmg(Ptce/P lca)]

Ignonng for a moment the interpretation of the coefficients—no allowance has
been made in the 2SLS estimation for the error structure—suppose one believes this
model and uses it to predict the remaining period. Figure 3 plots the model predictions
(*) and the actual values (A) against time. Even though the model covers some of the
period where regulation came into effect, it does not capture all of the regulatory impact.
Use between 197’3 and 1975 sank more quickly than the model predicts. This omitted
variable of regulatory pressure biases the estimates of all the coefficients and degrades
the quality of forecasts. One should expect that a model estimated completely before the
onset of regulation would manifest even greater disparity between predicted values
(absent regulation) and actual values (under regulation). Unfortunately, lack of data
preéludes such an exercise for TCE. Simultaneous models for all chemicals will be
estimated below following the structure of the error term specified in the previous
section; then unsatisfactory TCE model will be discussed.

Multiple Equatlon Model. Appendix Table D.1 contains the specification of
the complete multiple equation chlorinated solvents model with an explanation of
variable names following in Table D.2. The approximate generalized least squares
estimates for the market model (1967-1975) are shown in Table D.3.

The simultaneous estimation of the models for all chemicals begins after 1967, the
first year that production values for METH were reported. The comparison of predicted
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values (market effects, no regulatory effects)-and actual vatues (market and regulatory
effects) follows in Figs. 4 through 7. The predicted values of the market model continue
beyond the period over which the model was estimated. The coinparison of interest lies
between the predictions of the market model and the actual values after 1975.

Please note that Figs. 4 through 7 plot the predicted and actual values in terms of .
the Z* transformed matrix. The transformation subtracts a fraction of the previous
period’s value, the fraction determined by the estimated p . If p équals one, the
differences between levels are used and if p equals zero, the levels alone are used. To
derive predictions in terms of the original Z values from a model with serially correlated

error, one may use the following forecasting formula:
Y41 = ISY; + 30(1 - ﬁ)"‘ B (XH-l - FA)X1)

Figure 4 shows this type of plot for the approximate GLS model for TCE over the
~ years 1967-1975. Since the 19671975 period leaves very few points representing "little
regulatory activity;' for TCE, no systematic divergence between the predictions and the
actual values exists. This should not be surprising; the market model for TCE also
captures nonmarket forces. The result in Fig. 4 does lead to-making TCE a prime
candidate for individual modeling of a regulatory effect, one that need not throw out
_information before 1967 (see "A Proxy for Regulatory Pressure,” below).

Figure 5—showing the compatison for i’ERC—is striking in the extent to which it
exhibits a great disparity between the prediction of market forces an_d the reality of
chemical production. The uncaptured effect of regulatory pressure, with associated
changes in technology, brings about much of this great divergence. Out of concern for
space, the exploration of the interesting regulatory history behind the regulatory effect
documented in Fig. 5 is left to the case study of PERC contained in Appendix C. In
short, users of PERC shiﬂed to more efficient e(juipment in what may be termed an
anticipatory reaction to the threat of regulation. .

Figures 6 and 7—showing the comparisons for TCA and METH—reveal a
different story. The contrast between the predictions of the market model and the actual
levels of production conﬁnn$. the conclusion gleaned from the technical analysis: TCA
and METH have not witnessed broad regulatory effects. On the contrary, both markets
have been augmented by, customers driven from other markets by regulation or the threat
of regulation. This is not 'td _say. that the niaﬂ(et model predicts perfectly; the later years’
still reveal some outside effect not captured by the market model. Even though the
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forecast error grows with increasing forecast length, both of these models could be
improved with better specification of regulatory forces.

Evaluation of Model Estimate

Taking a closer look at the individual coefficients of the market model (Table
D.3), they may be compared to reasonable a priori expectations. One should expect high
levels of solvent use when economic activity using that solvent increases. Thus the
coefficient on the level of economic activity is expected to be positive. The coefficient
on the relative price measure, on the other hand, should be negative if one expects that
solvent use to vary inversely with its price. Exceptions exist to both of these rules of
thumb. One PERC-using sector offers an interesting countercase to the first rule.
Although the manufacture of knit fabrics uses PERC as a fabric scouring agent, knit
goods themselves are generally not dry cleaned. The increase in the stock of knit
clothing over time has decreased the demand for dry cleaning agents.® Perhaps a more
important exception concems the second rule of thumb. During periods of regulatory
pressure, one may reasonably expect the price and the use of a solvent to decrease.
Correspondingly, the use of substitutes for the regulated solvent may increase at the same
time they are becoming relatively more expensive.

Market Model. With these rules of thumb in mind, the coefficients of the market
model (estimated on 1967-1975 data) in Table D.3 may be better understood. The
parameters on the indices of economic activity in various sectors begin with the letter
"B," and those on the relative price instruments begin with the letter "A." The
coefficients on economic sectors in the market model of Table D.3 are all of the correct
sign with the exception of the coefficient on dry cleaning in the PERC equation. Not
only is the index of dry cleaning correlated with the metal cleaning index, no measure of
substitute prices exists. (List prices for CFC-113, a specialty cleaning agent, were not
even reported in the Chemical Marketing Reporter (CMR) until 1975.)

The only price coefficient with a contrary sign in the market model is that on
interaction of the relative price of METH and CFC-11 with the CFC-11 substitute uses
(urethane-blown foams and aerosols). In this sector, CFC-11 experienced large growth

8Were the resolution of the data no constraint, one could conceivably specify a model
with one coefficient to capture the immediate impulse in increased PERC use resulting
from fabric scouring, and another set of coefficients to represent the lagged effect of the
- increasing stock of knit goods on the dry cleaning use rate. This was not attempted here.
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primarily because of technical factors. The interesting interaction between these two
chemicals possessing nearly the same boiling point comes after the ban on
chloroftuorocarbon use in aerosols in 1976. The price of CFC-11 also strongly increased
during this time, so a model using the later period should capture the movement
substituting away from CFC-11 and toward METH.

Model over Entire Time Period. Table D.4 shows the approximate
generalized least squares estimates for the chlorinated solvents model estimated over the
entire period 1967 to 1983. Though one may expect some increased precision in the
statistical estimates owing to the doubling of the amount of data, the second period will
also contain many more of the confounding regulatory interventions. Therefore one
should expect to see more of the contrary movements between price and use.

The estimates of coefficients in Table D.4 bear this out. For the METH equation,
the coefficient on the interaction term for the paints sector is positive, reflecting the
increased use of METH in paint removers in a time of increasing relative price of
METH. This discloses the influence of some of the regulations placed on hydrocarbon
altenatives. The coefficient on the METH and CFC-11 interaction term does reveal the
new demand for METH resulting from increasing prices for CFC-11. This coefficient,
however, presents more than a mere price effect through the influence of the regulatory
ban on CFC-11 in aerosol use.

The PERC equation exhibits much more seasonality than the equations for the
other chemicals. The coefficients on the dry cleaning and knit goods are both positive.
This is contrary to our hypothesis of the dragging effect of the increasing stock of knit
goods. Specification of the time effect of the manufacture and use of knit goods remains
a problem. The estimates for metal cleaning parameters are no more sensible. The signs
of the metal cleaning coefficients are opposite that expected; the coefficient for the metal
cleaning interaction is smaller than its standard error. Metal cleaning uses form a small
(less than 10 percent) portion of the end uses for PERC, perhaps making the influence of
this sector harder to identify.

The equations for TCA and TCE both exhibit strong price effects in addition to
strong sector effects. The plausibility of the magnitudes of the coefficient estimates are
discussed below.

Elasticities. Estimates for the elasticities may also be derived in the above
models. These are important in that they provide a measure of the magnitude of
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substitution among related solvents. An elasticity is defined as a measure of the
sensitivity of the dependent variable to changes in the independent variables. A unitless
measure, it shows the percentage change in y brought about by a 1 percent change in X.
The derivation of an elasticity estimate in the chlorinated solvents model is somewhat
more complicated by the interaction term involving the index of industrial production
and the relative price measure. Juggling the definition of an elasticity, the following
expression for the elasticity of y with respect to X may be derived:

Elasticity of y w.r.t. XSy g ==t =

Thus the elasticity may be defined as the partial derivative of the y equation with respect
to the independent variable x, times their ratio. The equation

y=B%+B X+ alX(P,yn/Peup)]

implies the following elasticities.
The sector elasticity:

0 X X
Ey.x=—a%.7=m+aa>mmm>l-7

The own price elasticity:
&yp alf—ywn  Ponf) = (K ) I yurd)
The substitute price elasticity:
€ = o  Pus/9) = -G e/ P rtf5) = OGPt Ponef)

or

evanb = _Ey’Pm

The above result states that the substitute price elasticity is equal in magnitude but
opposite in sign to the own price elasticity. This result comes naturally from the relative
price specification and it accords with Marshall’s law of demand requiring the addition of
own price elasticities to the weighted sum of cross price elasticities to equal zero.

Estimates of price and sector elasticities can be derived for both TCE and TCA by
| looking only at the coefficients which are large relative to their standard errors. The
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elasticities above are defined only at a point in time. Arriving at an aggregate measure of
elasticity by evaluating at the sample means of the data could mislead if the mean X’s
and P’s do not occur near each other in time. Instead, each elasticity was evaluated at
each point in time and averaged over time for each elasticity. The estimates obtained by
this technique are presented in Table 4.

Though close, the price elasticity estimates from the market model (1967-1975)
are higher than those from the complete model (1967-1983). The sector elasticities are
correspondingly lower. One could speculate as to the reasons for this divergence. The
inclusions of additional data should lend increased precision to the estimates from the
complete model. Yet the additional data cover a time period containing more omitted
effects of regulatory and technical change. Although the net effect of these opposing
forces is indeterminate, the more important point is that the elasticity estimates are within
sampling variation of each other.

A Proxy for Regulatory Pressure

Theory. The simplest proxy for the effect of regulation might account for a
constant shift on the day a regulation came into effect. This is absurd in that it assumes
that the complete effect of that regulation occurred at that one point in time. To account
for an ongoing effect through time in a linear regression model, a time trend term is often
used. Typically such a term is specified as a constant-slope linear trend through time,
implying that the effect of regulation increases constantly through time. More
realistically, one might expect the effect of regulation to approach a maximum value, If

Table 4
ELASTICITY ESTIMATES
Market Model ~ Complete Model (from Table D.4)
(from Table D.3)

Elasticity 1967—1975 1967—1975 1976—1983
TCA

€p,., ~1.88 -141 -1.04

EMetdx 0.73 1.72 1.38
TCE

€p,y -2.15 -1.30 -2.81

EMerdx 0.81 - -
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$0, a nonlinear time trend would better represent the time effect of regulation. Figurc 8
compares a linear function of time with two nonlinear functions of time: the natural log
of time and the square root of time. Either specification represents an improvement over
the constant slope of a linear trend term.

The potential advantage of a maximum asymptote may not be sufficient for the
case of TCE where regulatory action started slowly at first, in a few limited areas.
Gradually regulatory pressure picked up as TCE came under scrutiny for possible toxic
effects as well as for photoreactivity. Thus one needs a more fiexible proxy through time
that can capture the slow initial growth of regulation in addition to an ultimate leveling
off at a high level of regulatory pressure.

One candidate for a more flexible function uses a logistic specification:

A

R=—2%
1+Be<

Conveniently the parameters of the logistic function—shown in Fig. 9—have a readily
understandable interpretation that will help in imposing reasonable a priori information
to aid the estimation process. The scaling parameter A is the maximum value that
regulatory pressure may attain and C is the rate of growth of the regulatory pressure.
From the first derivative,

R
dt

»[a

R(A-R)

it may be seen that the rate of change of R with respect to time is proportional to the
current level of R and to the distance yet to travel to the maximum value A. The logistic
curve is frequently used to represent growth, where growth is thought to be positively
related to the existing level and negatively related to the current distance from a
maximum level. Set the second derivative,

42

R
de

to zero, to find the inflection point at

C dR
—(A-2R)—
A( )dt

1.

A
R=12 =
7 t c:lnB

The interpretation of the parameters can help specify a proxy for regulatory
pressure. If the inflection point were itself an object of interest, in addition to the
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b ——— — ——— —

- Time

1
C1nB

Fig. 9—The logistic function

maximum value and rate of growth of regulation, it may be made more explicit by setting
the value of time at the point of inflection equal to I and rewriting the logistic function.

A . 1
R—m, WhereI—ElnB

From this expression one could obtain a proxy for regulatory pressure by imposing
a priori estimates of the maximum value, the rate of growth, and the inflection point, and
then substituting the proxy into the original model to see if it {mproved the fit of the
model. Alternatively, the entire logistic function for the proxy could itself be inserted
into the original linear model to make for a nonlinear model where estimates are obtained
for one or more of the logistic parameters.

Fitting such a model requires maximizing a nonlinear likelihood function and can
be computationally treacherous. The use of outside information on the nonlinear
parameters can help control the estimation process. Even if one were to form a grid of
possible values of A, C, and I and compare the mean squared error from each possible
model, some bound would have to be placed on the values over which A, C, and I could

‘range. Using outside information, one can reasonably place bounds on the allowable

range.
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The comparison of the different proxies for regulatory pressure in the case of TCE

follows.

Comparison of Results for TCE

The TCE market model illustrated above will serve as the basis for the comparison
of the proxies for regulatory pressure. Table 5 shows a comparison of models using the
time proxies that can be expressed in a linear form. A first glance reveals that all the
time proxies improve fit, but based solely upon the mean squared error the simple time
trend does better than the two incorporating an upper asymptote. The poor performance
of both the natural log and the square root of time may be understood in that they imply
that the rate of growth of regulation starts out a high level and then gradually slows
down. This is contrary to the belief that regulation started slowly and gradually grew.

Table 5

COMPARISON OF LINEAR TIME PROXIES,
MARKET MODEL: 1965-1975

Nat.Log Sqg.Root
Variable LS Time Time Time Variable Label

INTERCEP 113865.60 5723570 87368.75 83196.06 Intercept
(25551.20) (13237.49) (16997.25) (15762.55)

METDX —1886.61 —1930.85 —4259.82 —4142.52 Metal cleaning index,
(1647.85) (79440) (1117.76) (1024.40) SIC 252, 34, 35, 36, 39

MET_ARP 1481.63 2598.10 5103.93 5031.65 Interaction of
(1771.42) (859.29) (1249.08) (1141.93) METDX*(TCA_SP/TCE_SP)

TIME —1386.07 Linear time trend
(118.67)
LN_TIME —8846.70 Natural log of time
(1173.91)

SQRTTIME —6324.80 Square root of time
(737.34)

Root mean

sq. error 10814.60 5213.60 7038.71 6497.80

R-square 0.15 0.81 0.65 0.70

DF. 41 40 40 40

NOTE: Standard errors are in parentheses.
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As a reasonable value for inflection a point three years after the start of regulatory
activity in mid-1968 was chosen. Figure 10 shows the shape of logistic functions having
an inflection point of three years, where the growth rate is allowed to vary. For a
completely g priori comparison, a model was estimated using the above inflection point
and a growth rate of 10 percent. Table 6 shows a comparison of the a priori logistic
proxy and the trend proxy. The a priori model is somewhat better in terms of fit, but an
even greater advantage emerges in the comparison of predictions. The market model
using a time trend, shown in Fig. 11, actually suggests a negative use of TCE by 1980.
The predictions from the a priori logistic proxy level off in Fig. 12 and, although they are
somewhat too low, come closer to the actual values.

As a test on the information imposed upon the logistic proxy, the models were
reestimated over the entire time period. With the additional data, the growth rate was
estimated as a parameter. Table 7 compares the results of the two models estimated over
the entire period. The logistic proxy is again better in terms of fit and the estimated value
for the growth rate of regulation is about 8 percent, very close to our original a priori

value.
Table 6
COMPARISON OF LINEAR AND LOGISTIC TIME PROXIES,
MARKET MODEL; 1965—1975
A Priori
Variable LS Time Logistic Variable Label

INTERCEP 113865.60  57235.70 5314466  Intercept
(25551.20) (1323749) (13186.15)

METDX —~1886.61 -1930.85 —178646  Metal cleaning index,
(1647.85) (794 .40) (783.19) SIC 252, 34, 35, 36, 39

MET_ARP 1481.63 2598.10 2479.80 Interaction of
(1771.42) (859.29) (845.85) METDX*(TCA_SP/TCE_SP)

TIME —1386.07 Linear time trend

(118.67)
MAX_A —62264.08 Maximum value of
(5238.07) logistic function

Root mean :

sq. error 10814.60 5213.60 5143.17

DF. 41 40 40

NOTE: Standard errors are in parentheses.



-41-

SOLIeA 8Bl YImoid
‘qurod uorjospyuI JuejsUoy ‘suonjouny a1ysI30T—(1 S1Q

leg)

S8 ¥8 €8 28 18 08 62 8L Ll 92 SI ¥I € 7 1 0/ 69 89 /9 99 g9
___________:____________________________________________________________________

S - - o - -

/ 020 =0 ]

I
c
£
4
G
9
L
8
6

oL
L
cl
€l
Vi

- \\ ; —Ha
\\ \\\ \ e

/ / o At

\ \\ \
\\ \ \ \\ — 8l
ce— — - — 61

0e




[enje snsiea suorjorpard
:£xo1d puaq) yym [epowr jeqIew OL-11 Sig

sleq

yOgg €DZ8 108 PO6L 2D8L 1D.L €DSL cOv. |OEL €OLL 2D0L vD89 €09 1LD99 HOV9

|

I [ | ] ] | | 1 i | | | |

-42-

asn pajoIpaid

asn [enjoy \\r e

000'05—
000°'0¥—
0000E—
00002~
000°0L—
0

0000k
000°02
000°0€
000'0Y
00005

.000°09

00002
000°08
000°06
00000}

(spodwy + suodxa - Ayuenb uononpoid) ssn



[enjoe snsiea suorjorpad

:£xoad dv3st8o] 24024d D YNM [opowt jexIRW FO[—ZT D1

ayeq
y0Eg8 €Des

I B D e D B E—

asn pejoipald

-43-

lOI8 ¥D6. 2DBL LDLL EOS. 2ZO¥VL LOEL E€DLL 2OOL v089 €D/9 1099 vOY9

0

00001
000°02
000°0e
000°0Y
000°0S
00009
000°0L

000°08

(stiodun + suodxa - Ayjuenb uononpoud) asn



-44-

Table 7

COMPARISON OF LINEAR AND LOGISTIC TIME PROXIES,
ENTIRE TIME PERIOD: 1965-1983

A Priori
Variable Time Logistic Variable Label

INTERCEP 53826.91 44162.72  Intercept
(13237.49) (9039.50)

METDX -417.85 258.89 Metal cleaning index,
' (294.20) (118.22)  SIC 252, 34, 35, 36, 39
MET_ARP 720.46 0 Interaction of
(318.47) (constrained) METDX*(TCA_SP/TCE_SP)
TIME -933.62 Linear time trend
(89.55)
MAX A -67523.08 Maximum value of
(22162.75) logistic function
Root mean
Sq. error 6698.40 575110
D.F. 40 39

NOTE: Standard errors are in parentheses, those for the nonlinear logistic
model are asymptotic estimates.

Obviously the logistic proxy could be fine-tuned beyond what is presented here. It
is not a perfect proxy but certainly an improvement over a time trend—in terms of both
fit and predictive ability. One could hold the rate constant and obtain an estimate for the
time value of the inflection point. One may theoretically estimate all parameters
simultaneously, although this sometimes presents computational problems such as ending
up on local maximum points on the likelihood surface. A step beyond this would map
the likelihood hyperplane and bound the range of rates and inflection points that generate
very similar models in terms of fit. Lest the major point be obscured, the judicious use of
outside information on the inflection point or growth rate can aid in arriving at a
reasonable proxy for regulatory pressure.

Simulating Regulatory Alternatives: Changing the Effective Price

The model of chlorinated solvents can be used to simulate the outcomes from
regulatory alteratives before the Environmental Protection Agency (EPA). In general,
one enacts a simulation of alternative policies by making forecasts conditional on a new
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set of exogenous variables. For example, one could simulate the predictions of the model
conditional upon different assumptions of the growth of solvent-using sectors. An
alternative simulation method would examine (predicted) changes in the endogenous
variables conditional upon altemative parameter estimates. For the purposes of
estimating the effects of regulation, the former method is used. Both methods can be
used to generate simulations within the sample period or, conditional upon future
exogenous values, outside the sample period.

Regulatory effects can be simulated by recognizing that a regulatory control
imposes additional costs upon users. This cost can also be interpreted as an increase, A
P, in the effective price of using that solvent. A new set of values for the relative price
instruments are generated by incorporating the increase in effective price: The new price
series will equal the old series (P) before the occurrence of the regulation and will add in
the change in effective price thereafter (P + AP). The new price series is used to create
a new relative price measure and, thence, a new interaction term. The new interaction
term is then substituted into the solvent use equations (Table D.1) and corresponding
parameter estimates (Table D.2) to produce a new predicted path for the use of solvents.

To demonstrate, a within-sample simulation is performed assuming that TCE had
controls placed upon it in 1980 that increase its cost of use by 50 percent in metal
cleaning uses. A new TCE price series is generated with post-1980 values S50 percent
greater than the observed sales prices. New relative prices for the solvents are generated
and interact with the different sectors. The predictions for the two chemicals primarily
influenced, TCE and its major substitute TCA, are shown in Fig. 13. This simulation
could be repeated for different values of the assumed increase in effective price resulting
from regulation; this would generate a range of predicted effects. The simulation can
also be extended into the future but at the cost of more qualified inference, conditional
upon further assumptions about future values of the other exogenous variables.

It should also be noted that one regulatory altemative, the complete ban of a
chemical, falls outside the range of variation in the data and hence outside the realm of
valid inference from the model. If such an event had occurred over the period covered
by the data, one would have an empirical basis upon which to estimate such an effect.
Unfortunately from an empirical point of view—though perhaps fortunate from the point
of view of the manufacturers—no such event has taken place.
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Evaluation of the Model

The major limitations of the statistical methods presented thus far are directly tied
to the quality and quantity of the data. In particular, no direct measure was found to
characterize regulation. Though exploratory work has been performed on the empirical
derivation of a proxy for regulatory pressure, simultaneous estimates for each chemical
market have not been made. Other holes in the model occur for those substitutes having
no price measures. Regulatory effects for these substitutes can obviously not be made.

Besides incorporating additional data, future work should also examine the
possibility of using improved instruments for the relative prices. The effect of the
changing costs of energy inputs is one possibility; the effect of international trade on

relative prices is another.
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Appendix A

CHEMICAL STRUCTURE AND PRODUCTION TECHNOLOGY

CHEMICAL STRUCTURE

The chemical structure and chemical propertics of the chlorinated solvents will be
discussed before the production technology.

METH, an unsaturated aliphatic compound, has the molecular formula C H, Cl,

and the structural formula:

Ci-C- H

I
C1

Its molecular weight is 84.94, and its composition in percentage by weight is:
14.14 percent C, 2.37 percent H, and 83.49 percent Cl. METH is a colorless
nonflammable liquid with a mild ethereal odor. It is slightly soluble in water and
completely miscible with other chlorinated solvents, diethyl ether, and ethyl alcohol. It
dissolves most other organic solvents and is an excellent solvent for many resins, waxes,
and fats. It is also one of the more stable chlorinated solvents.

TCA, a saturated aliphatic compound, has the molecular formula C, H; Cl and the

structural formula;
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Its molecular weight is 133.42, and its composition in percentage by weight is:
18.00 percent C, 2.27 percent H, and 79.72 percent CL. TCA is a colorless nonflammable
volatile liquid with an ethereal odor and low solubility in water. It is soluble in acetone,

benzene, carbon tetrachloride, methanol, and ether.
PERC, an unsaturated aliphatic compound, has the molecular formula C, Cl, and

the structural formula;
C1 C1
\ /
C==C
/ \
C1 C1

Its molecular weight is 165.85, and its composition in percentage by weight is:
14.48 percent C and 85.52 percent Cl. PERC is a clear colorless nonflammable liquid
with a pleasant ethereal odor. It has substantial vapor pressure and a low solubility in
water. It dissolves sulfur, jodine, mercuric chloride, and aluminum chloride. It is the
most stable of the chlorinated ethanes and ethylenes, requiring only small amounts of

stabilizers.
TCE, an unsaturated aliphatic compound, has the molecular formula C, HCl; and

the structural formula;

c1 c1
\ 7
C==C
/ \
c1 H

Its molecular weight is 131.40, and its composition in percentage by weight is:
18.28 percent C, 0.77 percent H, and 80.95 percent CL. TCE is a nonflammable liquid
with a sweet odor resembling chloroform. It is practically insoluble in water and is
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miscible with ether, alcohol, and chloroform. The nonflammability and volatility make
this a very useful solvent.

PRODUCTION TECHNOLOGY

The major chemical reactions used to manufacture chlorinated solvents are
chlorination, hydrochlorination, dehydrochlorination, and oxychlorination. A
chlorination reaction substitutes or adds chlorine into the hydrocarbon molecule.
Hydrochlorination reactions add chlorine by using hydrogen chloride;
dehydrochlorination reactions reverse the procedure by splitting out hydrogen chloride
from a chlorinated hydrocarbon molecule. Because large amounts of hydrogen chloride
are formed as by-products, the ability to economically use the by-product often
determines the economic feasibility of the chlorination process. This has Ied to the
development of oxychlorination reactions that combine the hydrogen chloride with an
oxidant in the presence of a catalyst to produce other valuable products.

In general, progressive substitution of chlorine atoms for hydrogen atoms lowers
the vapor pressure, reduces the flammability, increases the density and viscosity, and
modifies the solvent power. Specific heat, water solubility, and dielectric constant vary
inversely with chlorine content. All of these characteristics control the unusual
properties that make the chlorinated solvents commercially important.

METH

The two predominant ways to produce METH use methane (natural gas) or
methanol. The direct reaction of methane with chlorine at high temperatures yields
METH and several other chlorinated coproducts. A hydrochlorination reaction combines
methanol with hydrogen chloride with the aid of a catalyst to give methyl chloride; this is
then chlorinated to produce METH.

TCA

Most TCA comes from a hydrochlorination reaction of vinyl chloride that yields
1,1-dichloroethane; this is then thermally or photochemically chlorinated to produce
TCA. Another process adds hydrogen chloride to vinylidene chloride (1,1-
dichloroethylene) in the presence of a catalyst to yield TCA.,
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PERC

For many years most PERC was manufactured in acetylene processes, with TCE
as a coproduct. Because of the high cost of acetylene, most PERC now derives from
reactions using propane or ethylene dichloride (EDC) as feedstocks. Propane may be
thermally chlorinated to yield PERC and hydrogen chloride. PERC may also be derived
by chlorinating or oxychlorinating EDC. The latter yields TCE as a coproduct.

TCE

In the mid 1960s, most TCE produced in the country came from an acetylene
reaction. Acetylene and chlorine are combined in the presence of PERC and antimony
trichloride to produce 1,1,2,2-tetrachloroethane. This is dehydrochlorinated to produce
TCE and hydrogen chloride.

The amount of TCE produced by the acetylene process began to decline in the late
1960s, as reactions based on EDC became more economically feasible. EDC, derived
from the chlorination or oxychlorination of ethylene, was itself chlorinated and then
dehydrochlorinated to produce TCE. The oxychlorination of EDC using a copper
chloride catalyst produces PERC and TCE as coproducts. The PERC and TCE mixture is
separated and neutralized with ammonia.
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Appendix B

ANALYSIS OF MARGINAL FEEDSTOCK COSTS
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Table B.2
SHARE OF CHEMICAL COST IN MATERIAL COSTS

PERC Process TCE Process TCA Process METH Process

End Product 1 2 3 4 1 2 3 1 2 1 2

Feedstock chemical
Chlorine 026 054 137 048 016 070 047 034 154 145 068

Ethylene dichloride 0.59 0.59 0.80 0.77

Hydrogen chloride -024 -0.53 -0.12 047 -0.12 —-0.80 -0.60
Oxygen 0.04 0.04

Propane 0.19

Carbon tetrachloride —0.91

Acetylene 0.57 0.57

Vinyl chloride 0.66

Ethane 0.26

Methane 0.15
Methanol 032

KEY: PERC 1, oxychlorination of EDC; 2, chlorination of EDC; 3, from Rropane; 4, from acetylene. TCE,
1 oxychlorination of }z:DC; 2, chlorination of EDC; 3, from acetgrleqe. TCA 1, from vinyl chloride; 2, from
vinylidene chloride. METH 1, chlorination of methane; 2, hydrochlorination of methanol.

Table B.3
ELASTICITY OF PRODUCTION COST WITH RESPECT TO FEEDSTOCK COST
(100 MT plant, 75% capacity)
PERC Process TCE Process TCA Process METH Process
End Product 1 2 3 4 1 2 3 1 2 1 2

Feedstock chemical 7

Chlorine 017 029 045 031 010 039 031 017 075 057 027

Ethylene dichloride 038 0.32 052 043

Hydrogen chloride -0.13 -0.17 -0.08 ~026 -0.08 -039 -023

Oxygen 0.03 0.03

Propane 0.06

Carbon tetrachloride -0.30

Acetylene 0.37 0.37

Viny! chloride 0.32

Ethane 0.13

Methane 0.06

Methanol 0.12
Fraction of total
production cost taken

by feedstock costs 064 054 033 065 065 056 065 049 049 039 039

KEY: PERC1, oxﬁchlorination of EDC; 2, chlorination of EDC; 3, from Rropane; 4, from acetylene, TCE,
l.ox?_'chlorinatiqn of EDC; 2, chlorination of EDC; 3, from acetylene. TC 1, from vinyl chloride; 2, from
vinylidene chloride. METH 1, chlorination of methane; 2, hydrochlorination of methanol,
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Table B4

MARGINAL FEEDSTOCK COST SERIES: EQUATIONS FOR GENERATING
ESTIMATES FOR MARGINAL FEEDSTOCK COSTS

T MARGINAL FEEDSTOCK COST FOR PERC ;
PERC_MC = IPD_GNP * (
P_OXY_SH * (.48 *CL_P + .68 * EDCL_P)
+P_CHL_SH * (0.92 * CL_P + .64 * EDCL_P - .43 * HCL_P)
+P_PRO_SH * (3.22 * CL_P + .27 * PROPAN_P
-1.28 * HCL_P -0.90 *CTT_P)
+P_ACE_SH * (1.08 * CL._P + .20 * ACTYLN_P - .28 * HCL_P)
)

e MARGINAL FEEDSTOCK COST FOR METH 3
METH_MC =IPD_GNP * (
M_ANE_SH * (1.93 * CL_P-0.83 * HCL_P + .21 * NGAS_P)
+M_NOL_SH * ( 91 * CL_P + 41 * MET_P)

24

TCE_MC =IPD_GNP *(
E_OXY_SH * (.26 * CL_P + .85 * EDCL_P)
+E CHL_SH* (1.17 * CL_P+ .82 * EDCL_P - .81 * HCL_P)
+E_ACE_SH * (1.08 * CL_P + .20 * ACTYLN_P - .28 * HCL_P)
)

%-e-n--ee-MARGINAL FEEDSTOCK COST FOR TCA--rnnnrmne wmmemmemm oo :
TCA_MC =IPD_GNP * (
+A_VCL_SH*(.60*CL_P+.53*VCL_P)
+ A_ETH_SH * (1.60 * CL._P + .22 * ETHANE_P - 0.86 * HCL_P)
)

NOTE: IPD_GNP is the GNP implicit price deflator,
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Table B.5

MARGINAL FEEDSTOCK COST SERIES:
ESTIMATES FOR PROCESS SHARE OF TOTAL PRODUCTION

PERC Process TCE Process TCA Process METH Process

OXY CHL PRO ACE OXY CHL ACE VCL ETH ANE NOL

Year 1 2 3 4 1 2 3 1 2 1 2
65 0.008 0.110 0.625 0.257 0.005 0.145 0.850 0.900 0.100 0.500 0.500
66 0.023 0.131 0.635 0211 0.015 0.135 0.850 0.900 0.100 0.500 0.500
67 0039 0.151 0.645 0.165 0.035 0215 0.750 0900 0.100 0.479 0.532
68 0054 0.172 0.655 0.119 0.065 0335 0.600 0.900 0.100 0436 0.574
69 0070 0.192 0.665 0.073 0.090 0380 0.530 0.900 0.100 0.394 0.617
70 0.085 0.200 0.665 0.050 0.100 0390 0.510 0.900 0.100 0.351 0.659
71 0.100 0.195 0.655 0.050 0.135 0.535 0330 0.900 0.100 0.314 0.694
72 0.116 0.194 0.645 0.045 0.215 0650 0.135 0.900 0.100 0.282 0.726
73  0.131 0.196 0635 0.038 0300 0590 0.110 0900 0.100 0250 0.758
74 0.147 0.196 0.625 0.033 0.379 0530 0.092 0900 0.100 0218 0.790
75 0.162 0.185 0.623 0.030 0.429 0495 0391 0905 0.095 0.186 0.822
76 0.173 0.174 0.628 0.025 0455 0485 0.375 0915 0.085 0.170 0.830
77 0180 0.172 0.633 0.015 0485 0475 0.040 0908 0.092 0.170 0.830
78 0.187 0.171 0.638 0005 0515 0463 0.020 0.884 0.116 0.175 0.823
79 0.198 0.175 0.627 0.000 0.545 0448 0.005 0.860 0.140 0.170 0.835
80 0215 0.185 0.600 0.000 0.565 0435 0.000 0.836 0.164 0.150 0.855
81 0232 0.195 0573 0.000 0.575 0425 0.000 0.812 0.188 0.130 0.875
82 0248 0.205 0.547 0000 0.588 0413 0.000 0.800 0200 0.110 0.895
83 0265 0215 0520 0.000 0603 0.398 0.000 0.800 0200 0.090 0915
84 0282 0.225 0493 0000 0618 0383 0.000 0.800 0.200 0.070 0.935
85 0.290 0.230 0480 0.625 0.375 0.000 0.800 0.200 0.060 0.940
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Appendix C
QUALITATIVE HISTORY
Table C.1
PERCHLOROETHYLENE
Year Event
1953  Change in TLV to 200 ppm.
1961 Change in TLV to 100 from 200 ppm.
1966 Government procurement leads to erratic demand.
1967  Rapid growth in PERC used for production of CFC-113 and CFC-114. Tariff
Commission for 1959 through 1965 shows 18.4 percent annual growth for
CFC- 114. There is a new PERC stabilizer not water soluble. Will give longer life.
1968  Gain in first quarter attributed to one-time order by government for large
quantity of specially fluorinated cleaning solvents (CFC-11 and CFC-113).
1973 EPA pressure on other solvents could increase PERC’s market, but PERC
will have to compete with other exempt solvents.
1976  PERC demand increased because of exempt solvent status. EPA regulations
putting pressure on other solvents will increase PERC’s market somewhat.
1977  NCI carcinogenicity test positive in mice; inconclusive in rats.
1979  CPSCbranded PERC a carcinogen. Petroleum solvent will not replace it
because of flammability.
1980  An epidemiological study showed some positive cancer.
1982/83 More efficient dry cleaning machinery and recycling have cut demand.
Use for CFC production continues to grow.
Undated PERC is photochemically reactive. Twelve states have general VOC
regulations that include emissions from metal cleaning.
1985  NTP carcinogenicity test finds some evidence in mice and clear evidence in rats.

NOTE: Between 1982 and 1984/85, TLV changed to 50 ppm.
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Table C.2
TRICHLOROETHYLENE

Year

Event

1961
1964
1965

1966

1968
1969

1970

1972

1974

1975

1977
1978

1979
1981

1983

Change of TLV from 200 to 100 ppm.
Rising demand; booming auto industry.

TCE demand rising because of aerospace and military demand for degreasing
of metal in Vietnam War.

Huge growth and capacity taxed because of Vietnam War requirements reflecting
back on metal production. TLV revised from 100 and 520 to 100 and 535.

L.A. County adopted Rule 66, which limits TCE emissions.

Strong activity in aircraft, space, and other metal industries, but TCE not

doing well because of pollution legislation in L.A. County. Private study
(Stanford Research Institute for MCA) of TCE effects on atmosphere downgrades
TCE role as troublemaker. Sharp dlsagreement about whether methyl chloroform
will take some of TCE market.

TCE holding its own in what industry believes is overzealous antipollution
efforts on the West Coast.

Several states now have legislation on air emissions patterned after L.A.’s
Rule 66. On the other hand, TCE has not been banned under present air quality
plans of other states and municipalities. See no growth.

EPA reports similarity in human metabolism for TCE and vinyl chloride (known
carcinogen).

TCE very photoreactive. Federal and local governments have severely restricted
use and emissions of TCE in vapor degreasing plants in many areas of the country.
Some outright bans (e.g., Rhode Island). TCE must be trapped and recycled.
Evidence that TCE is potent carcinogen. Substitution from TCE to PERC and
methyl chloroform being actively pushed by some manufacturers. NCI memo of
alert issed on TCE. Preliminary findings are that it will show carcinogenic
activity in mice.

Conversion away from TCE especially in vapor degreasing.

Emissions and use of TCE have been restricted by EPA. This cuts demand
because it requires recycling or substitution. Expect decline until 1983 when

it will level off.

TCE placed on notice of intended TLV change.

Loss of market to other solvents should abate, but aggressive marketing of
methyl chloroform could cause more loss in TCE. Notice of intended change to
50 (TLV) and 270 (STEL) ppm.

EPA is still scrutinizing TCE and other solvents will continue to replace it.
Between 1981 and 1984/85, TLV lowered to 50 ppm.
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Table C.3
TRICHLLOROETHANE

Year

Event

1968
1971
1974

1977

1982/83

Change of TLV to 350 and STEL to 1900 ppm.
Not clear if growth retarded by recession.

Recovery in growth from 1971. Observe conversion from TCE to methyl chloroform
to comply with air pollution standards. Methyl chloroform is exempt from such
standards.

Conversion from TCE to methyl chloroform especially in vapor degreasing.
Conversion from toluene to methyl chloroform because of new regulations on the
the flammability of adhesive formulations. In the latter half of 1976, NIOSH
recommended ceiling concentration of 350 ppm for 15 minute exposure, saying
that there is no evidence that methyl chloroform is carcinogenic. NCI bioassay
proved negative, but testing has not been discontinued. OSHA formulating new
standards for methyl chloroform, which should be ready in mid 1977.

Methyl chloroform demand hit hard by recession. It is highly dependent on
on automotive, appliance, and aerospace industries.

Table C.4
METHYLENE CHLORIDE

Year

Event

1966

1967

1976

1981
1982

1983

Demand boosted by Vietham War. Growth in methylene chloride started three years
ago when aerosol makers began converting from CFC to hydrocarbons. Degreasing
good in war efforts.

Government buying for Vietnam War slumped.

Growth good, could improve because of demise of CFC propellants and increasing
problems with TCE. Change of TLV from 500 to 200 ppm.

Change of TLV from 200 to 100 ppm.

Recent NTP test shows clear evidence of carcinogenicity, could hurt coffee
decaffeination industry.

Dow devises a new methylene-chloride-based paint stripper.
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Table C.5
GENERAL EVENTS
Year Event
1966 Increased use of chemical solvents as the level of economic activity increases
during the Vietham War.
1973 Energy crisis disrupts and ultimately restructures feedstock prices. Availability
problems with chlorine.
1974 Explosion of Shell ethylene plant in the Netherlands.
mid 1970s Increased regulation of petrochemical solvents
1978 Toxicity problem of chlorinated solvents not resolved (TCE, PERC, and methyl
chloroform). Some users investigate alkaline wash systems. In general, vapor
degreasing is preferred for small precision parts and nonferrous metals. Alkalines
used for large, rough parts.
1979 Users continue to shift away from water-based detergents and alkalines.
1981 Demand for chlorinated solvents fall (TCE, methyl chloroform) because of economic
slowdown, switch to plastics, and increase in foreign-made consumer goods.
As yet, regulations are unclear. Modest move away from water.
1984 Congress passes amendments to RCRA banning land disposal of chlorinated

solvents in November 1986.
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Appendix D

DETAILED ESTIMATES

Table D.1
CHLORINATED SOLVENTS MARKET MODEL: ALL EQUATIONS

PERC_PU = BOP + B1IP*PMETDX + B2P*BLSDX + B3P*KNITS
+ AIP*MET_PRP
+ T11P*Q1 + T12P*Q2 + T13P*Q3 ;

MET_PRP= C0O + C1*METDX + C2*BLSDX + C3*KNITS
+ C4*PERC_MC + C5S*TCE_MC + C6*TCA_MC ;

METH_PU=BOM + BIM*MMETDX + B2M*PAINT + B3M*FBLOW
+ AIM*MET_MRP + A2M*PAI_MRP + A3M*FBL_MRP

+ T11IM*Q1 + T12M*Q2 + T13M*Q3 ;
MET_MRP= EQ + EI*METDX + E2*PAINT + E3*FBLOW
+ E6*METH_MC + E7T*TCA_MC + E8*TCE_MC
+E11*Q1 + E12*Q2 +E13*Q3 ;
PAI_MRP = FO + FI*METDX + F2*PAINT + F3*FBLOW
+ F6*METH_MC + FI*LPG_P
+F11*Q1 + F12*Q2 +F13*Q3
FBL_MRP= GO + G1*METDX + G2*PAINT + G3*FBLOW
: + G6*METH_MC + G7*F11_MC
+ G11*Q1 + G12*Q2 +GI13*Q3
TCE_PU = BOE + B1IE*EMETDX + AIE*MET_ERP
+ T11E*Q1 + T12E*Q2 + TI3E*Q3 ;
MET_ERP = JO + JI*METDX + JI2*TCE_MC +I3*TCA_MC ;

TCA_RU=BOA  + (BIA*AMETDX )
+ (A1A*MET_ARP)
+ T11A*Q1 + TI12A*Q2 +T13A%Q3 ;

MET_ARP =KO0 + KI*METDX + K2*TCA_MC + K3*TCE_MC ;
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Table D.2 '
CHLORINATED SOLVENTS MODEL DEFINITION OF VARIABLES

Variable Definition

Use

PERC_PU PERC Use, PERC_PQ - Exports + Imports

METH_PU METH Use, METH_PQ - Exports + Imports

TCE_PU TCE Use, TCE_PQ - Exports + Imports

TCA_RU TCA Use, TCA_PQ - No Export or Import data reported
Indices of Economic Activity

METDX Metal Cleaning Index, SIC 252 34 36 37 39

BLSDX Dry Cleaning Index, B.L.S. No. of Man-Hours per Week

KNITS Knit Garments, SIC 2253,4,7-9

PAINT Paint End Uses, SIC 2850

FBLOW CFC-11 Subst. Uses: Blown foams (RAND est.) and

Acrosols (Use Metal Can Index as proxy, SIC 3411)

Relative Price Interaction Terms

MET_PRP Interaction of METDX*PERC_SP/((TCA_SP+TCE_SP)/2)

MET_MRP Interaction of METDX*METH_SP/((TCA_SP+TCE_SP)/2)
PAI_MRP Interaction of PAINT*METH_SP/LPG_P ‘

FBL_MRP Interaction of FBLOW*METH_SP/CFC-11_SP

MET_ERP Interaction of METDX*TCE_SP/TCA_SP

MET_ARP Interaction of METDX*TCA_SP/TCE_SP

Quarter Dummy Variables

Q1 Winter Quarter Dummy

Q2 Spring Quarter Dummy

Q3 Summer Quarter Dummy

NOTE: Variable names can often be cryptic, so a brief description of their origin may ease
comprehension. The dependent variable for the use of a chlorinated solvent—production quantity minus
exports Tﬁlus imports—is desi%nated using the chemical abbreviations employed throughout this docu-
ment. The proxy for the use of perchloroethylene, for example, is denoted by PERC_PU. In general the
indices of industrial production in sectors of the economy use chlorinated solvents are expressed in
five character variable names. Hence, the index of secfors using solvents in metal cleaning is named
METDX. The interaction term—a particular sector mulli%lied_ by a relative price measure—will begin
with the first three characters of the index variable name. For instance, the interaction term of the metal
cleaning index and its relative price measure might be: MET _RP. The mar%nal feedstock cost of a
chemical will simply have the initials MC appended to the chemical name, PERC_MC.



Table D.3

MARKET MODEL, 1967-1975: APPROXIMATE GLS—SEEMINGLY
UNRELATED REGRESSION WITH AR(1) CORRECTION

Est. Durbin-
Equation R-Square Rho Watson-D Label

PERC_PU 04277 0426 2.035 USE, PERC_PQ — EXPORTS + IMPORTS
METH_PU 0.8675 0.008 1.919 USE, METH_PQ — EXPORTS + IMPORTS
TCE_PU 0.3819 0.732 1.868 USE, TCE_PQ — EXPORTS + IMPORTS
TCA_RU 0.6106 0.407 2.204 TCA USE, RAND EST 66-70,83,85

Parameter Estimate Std Error Label
BOP 66793.72 20164.32 PERC—INTERCEPT, UNSPECIFIED USE
B1P 364.64 47270 PERC—METAL CLEANING INDEX
B2P —277.38 166.28 PERC—DRY CLEANING INDEX
B3P —271.69 226.05 PERC—KNIT GARMENTS
AlP 21048 449.14 PERC—INTERACTION OF METDX*P_AE_SP
T11P -3055.96 2429.34 PERC—WINTER QTR DUMMY
" T12P -4084.00 3525.06 PERC--SPRING QTR DUMMY
T13P -140.24 3973.84 PERC—SUMMER QTR DUMMY
BOM —24597.21 1275892 METH—INTERCEPT, UNSPECIFIED USE
BIM 237.25 236.71 METH—METAL CLEANING INDEX
B2M 307.72 248.84 METH—PAINTS
B3M 170.17 167.56 METH—AEROSOL PROXY, METAL CANS
AIM —63.43 20147 METH—INTERACTION OF METDX*M_AE_P
A2M —52.78 33.54 METH—INTERACTION OF PAINT*M_LPG_P
A3M 746.99 309.61 METH—INTERACTION OF FBLOW*M_F11_P

Ti1IM -4157.86 2394.50 METH—WINTER QTR DUMMY
Ti2M  -11608.35 4821.80 METH—SPRING QTR DUMMY
T13M -8751.26  3926.33 METH—SUMMER QTR DUMMY

BOE 328742 8807.38 TCE—INTERCEPT, UNSPECIFIED USE
BIE 1953.34 67322 TCE—METAL CLEANING INDEX

AlE -1731.20 480.06 TCE—INTERACTION OF METDX*E_A_P
T11E -5244.50 2613.36 TCE—WINTER QTR DUMMY

T12E —401.18  2383.37 TCE—SPRING QTR DUMMY

T13E -2230.02 2567.89 TCE—SUMMER QTR DUMMY

BOA 10560.79 15006.18 TCA—INTERCEPT, UNSPECIFIED USE
B1A 1364.59 222.63 TCA—METAL CLEANING INDEX

AlA —768.62 195.99 TCA—INTERACTION OF METDX*A_E_P
T11A -1603.81 2920.00 TCA—WINTER QTR DUMMY

T12A —4816.64 2790.15 TCA—SPRING QTRDUMMY
T13A -21097 2878.16 TCA—SUMMER QTR DUMMY
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Table D.4

COMPLETE MODEL, 1967-1983:
UNRELATED REGRESSION WITH AR(1) CORRECTION

Est. Durbin-
Equation R-Square Rho  Watson-D Label

PERC_PU  0.3563 0.4269 1.958 USE, PERC_PQ —EXPORTS + IMPORTS
METH_PU 0.8024 0.1950 1.920 USE, METH_PQ — EXPORTS + IMPORTS
TCE_PU 0.1672  0.6956 1.370 USE, TCE_PQ — EXPORTS + IMPORTS
TCA_RU 0.6450 04351 1.959 TCA USE, RAND EST 66-70,83,85

Parameter Estimate Std Error Label .
BOP 25931.88 14979.60 PERC—INTERCEPT, UNSPECIFIED USE
BIP —-280.26 173.92 PERC—METAL CLEANING INDEX
B2P 160.38 86.17927 PERC—DRY CLEANING INDEX
B3P 354.26 117.14 PERC—KNIT GARMENTS
AlP 116.83 185.08 PERC—INTERACTION OF METDX*P_AE_SP
T11P —5086.78 2355.36 PERC—WINTER QTR DUMMY
TI12P —14356.61 2609.73 PERC—SPRING QTR DUMMY
T13P -10188.22 2712.03 PERC—SUMMER QTR DUMMY
BOM —13465.68 19062.97 METH—INTERCEPT, UNSPECIFIED USE
BIM 27742 258.21 METH—METAL CLEANING INDEX
B2M —247.42 288.52 METH—PAINTS
B3M 667.76 167.29 - METH—AEROSOL PROXY, METAL CANS
AIM -10.98729 104.25 METH—INTERACTION OF METDX*M_AE P
A2M 114.57 67.77386 METH—INTERACTION OF PAINT*M_LPG_P
A3M —410.49 277.90 METH—INTERACTION OF FBLOW*M_F11_P
Ti1IM —2775.08 2741.26 METH—WINTER QTR DUMMY
TI2M —8171.46 5239.55 METH—SPRING QTR DUMMY
T13M —5952.71 3579.41 METH—SUMMER QTR DUMMY
BOE 27512.21 6619.98 TCE—INTERCEPT, UNSPECIFIED USE
B1E 415.74 462.80 TCE—METAL CLEANING INDEX
AlE —985.42 510.27 TCE—INTERACTION OF METDX*E_A_P
TI11E —6386.74 2754.06 TCE—WINTER QTR DUMMY
TI12E —2909.30 2656.74 TCE—SPRING QTR DUMMY
T13E -5073.63 2707.59 TCE--SUMMER QTR DUMMY
BOA —14046.86 6107.42 TCA—INTERCEPT, UNSPECIFIED USE
BI1A 1637.69 249.88 TCA—METAL CLEANING INDEX
AlA -556.19 199.29 TCA—INTERACTION OF METDX*A_E P
T11A ~3509.76 2206.04 TCA—WINTER QTR DUMMY
T12A —4404.97 2153.69 TCA—SPRING QTR DUMMY

T13A 16.68559  2167.27 TCA—SUMMER QTR DUMMY
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Table D.5

SAMPLE SAS PROGRAM: APPROXIMATE GLS—SEEMINGLY
UNRELATED REGRESSION WITH AR(1) CORRECTION

R BEGIN MODEL STATEMENT-=--=-======ceccceacoaanan- :
PROC MODEL OUT=RHO_SUR LIST;
ENDOGENOUS
PERC_PU
MET_PRP
METH_PU
MET_MRP PAI_MRP FBL_MRP
TCE_PU
MET_ERP
TCA_RU
MET_ARP ;
EXOGENOUS METDX PMETDX MMETDX EMETDX AMETDX
BLSDX KNITS PAINT FBLOW
PERC_MC METH_MC TCE_MC TCA _MC F11_MC LPG_P

Q1 Q2 Q3;
PARAMETERS
BOP B1P B2P B3P
A1P
co Ci1 c2 c3
C4 G5 Ccé

T1lP T12P  T13P

BOM BIM  B2M B3M
AIM  A2M A3M
T1iM Ti12M TI13M

E0 El E2 E3
Eé6 E7 E8
E1l E12 E13
Fo F1 F2 F3
Fé F7
F11 F12 F13
GO Gl G2 G3
G6 G7
G11 G12 G13
BOE BIE
AlE
Jo J1 J2 J3
T11E T12E TI13E
BOA BI1A
AlA
KO K1 K2 K3

TilA Ti12A Ti13A



LABEL

Fl1
F12
F13
GO

'PERC
'PERC
'PERC
'PERC
'PERC
'PERC
'PERC
'PERC

'MET_PRP
'MET_PRP
'MET_
'MET_

‘MET_

'MET_PRP

'MET_

'MET_PRP
'MET_PRP
'"MET_PRP

'METH
'METH
'METH

-67-

Table D.5 (continued)

INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,

PRP
PRP
PRP

PRP

PAINTS'

INTERCEPT, UNSPECIFIED USE'
METAL CLEANING INDEX'

DRY CLEANING INDEX'

KNIT GARMENTS'

INTERACTION OF METDX*P_AE_SP’
WINTER QTR DUMMY'

SPRING QTR DUMMY'

SUMMER QTR DUMMY'

INTERCEPT'
METDX'
BLSDX'
RNITS'
PERC_MC'
TCA_MC'
TCE_MC'
Q1'

Q2'

Q3'

INTERCEPT, UNSPECIFIED USE'
METAL CLEANING

INDEX'

'METH --
'METH --
'"METH --
'METH --
'METH --

AEROSOL PROXY,
URETHANE FOAM,
INTERACTION OF
INTERACTION OF
INTERACTION OF

METAL CANS'
RAND EST.'
METDX*M_AE_P'
PAINT*M_LPG_P'
FBLOW*M_F11_P'

'"METH

= 'METH

'METH

'MET_MRP
'MET_MRP
'MET_MRP
'MET_MRP
'"MET_MRP
'MET_MRP
‘MET_MRP
"MET_MRP
'"MET_MRP
'MET_MRP
"PAI_MRP
"PAI_MRP
'"PAI_MRP
'"PAI_MRP
"PAI_MRP
'PAI_MRP
'"PAI_MRP
'PAI_MRP
'PAI_MRP
'FBL_MRP

INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,
INSTRUMENT,

WINTER QTR DUMMY'
SPRING QTR DUMMY'
SUMMER QTR DUMMY'

INTERCEPT'
METDX'
PAINT'
FBLOW'
METH_MC'
TCA_MC'
TCE_MC'
Q1'

Q2'

Q3'
INTERCEPT'
METDX'
PAINT'
FBLOW'
METH_MC'
LPG_P'

Q1l'

Q2'

Q3'
INTERCEPT'
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Table D.S (continued)
Gl = 'FBL_MRP INSTRUMENT, METDX'
G2 = 'FBI_MRP INSTRUMENT, PAINT'
G3 = 'FBL_MRP INSTRUMENT, FBLOW'
G6 = 'FBL_MRP INSTRUMENT, METH_MC'
G7 = 'FBL_MRP INSTRUMENT, F11_MC'
G11 = 'FBL_MRP INSTRUMENT, Q1'
G12 = 'FBL_MRP INSTRUMENT, Q2'
G13 = 'FBL_MRP INSTRUMENT, Q3'
BOE = 'TCE -- INTERCEPT, UNSPECIFIED USE'
B1E = 'TCE -- METAL CLEANING INDEX'
A1E = "TCE -- INTERACTION OF METDX*E_A_P'
T11E= 'TCE -- WINTER QTR DUMMY'

T12E= 'TCE -~ SPRING QTR DUMMY'
T13E= 'TCE -- SUMMER QTR DUMMY'

JO = 'MET_ERP INSTRUMENT, INTERCEPT'

J1 = 'MET_ERP INSTRUMENT, METDX'

J2 = 'MET_ERP INSTRUMENT, TCE MC'

J3 = "MET_ERP INSTRUMENT, TCA MC'

BOA = 'TCA -- INTERCEPT, UNSPECIFIED USE'
B1A = 'TCA -- METAL CLEANING INDEX'

AlA = "TCA -- INTERACTION OF METDX*A_E_P'
T11A= 'TCA -- WINTER QTR DUMMY'
T12A= 'TCA -- SPRING QTR DUMMY'

T13A= 'TCA -- SUMMER QTR DUMMY'
KO = 'MET_ARP INSTRUMENT, INTERCEPT'
K1 = 'MET_ARP INSTRUMENT, METDX'
K2 = 'MET_ARP INSTRUMENT, TCA_MC'
K3 = 'MET_ARP INSTRUMENT, TCE_MC'
MET_PRP = €O + C1*METDX + C2%BLSDX + C3*KNITS
+ C4*PERC_MC + C5%TCE_MC + C6%TCA_MC
PERC_PU = BOP + B1P*PMETDX + B2P*BLSDX + B3P*KNITS

+ A1P*MET_PRP
+ T11P*Ql + T12P*Q2 + T13P*Q3

MET_MRP = EO + E1*METDX + E2%PAINT + E3*FBLOW
+ E6*METH_MC + E7*TCA_MC + E8%TCE_MC
+ E11*Q1 + E12%+Q2 + E13*Q3
PAI_MRP = FO + F1*METDX + F2%PAINT + F3*FBLOW
+ F6**METH_MC + F7*LPG_P
+ F11*Q1 + F12*%Q2 + F13*Q3
FBL_MRP = GO + GI*METDX + G2*PAINT + G3*FBLOW
+ G6*METH_MC + G7*F11_MC
+ G11%Q1 + G12%Q2 + G13*Q3
METH_PU = BOM + BIM*MMETDX + B2M*PAINT + B3M“FBLOW
+ AIM*MET_MRP+ A2M*PAI_MRP+ A3M*FBL_MRP
+ T11M*Q1 + T12M+*Q2 + T13M*Q3
MET_ERP = JO + JI*METDX + J2*TCE_MC + J3*TCA_MC
TCE_PU = BOE + (BlE*EMETDX )

+ (A1E“MET_ERP)
+ T11E¥*Q1  + T12E*Q2  + TI13E*Q3
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Table D.5 (continued)

KO + K1*METDX  + K2*TCA_MC + K3*TCE_MC ;
BOA + (BIA*AMETDX )

+ (A1A*MET_ARP)

+ T11A*Q1 + T124%Q2 + T13A*Q3 5

MET_ARP
TCA_RU

D T T T ———— ESTIMATE 2SLS==--==-m=c--mcmmcmmeeoan ;
PROC SYSNLIN DATA=CHEM MODEL=RHO_SUR
2SLS DW
OUT=RES_2SLS OUTRESID OUTPREDICT;
TITLE 'TOXSYS3G -- SIMULTANEOUS EQ W AR(1) -- 67 TO 83'
TITLE2 '---c-an-- MULTIPLE EQUATIONS, 3SLS-----==-=-mcem- '
ID DATE;

Famecoon PICK OUT PREDICTIONS AND RESIDUALS FROM 2SLS------ ;
PROC SORT DATA=RES_2SLS; BY DATE;
DATA TEMP;
SET RES_2SIS;
BY DATE;
RETAIN PRES MRES ERES ARES

PHAT MHAT MPHAT MFHAT EHAT AHAT
P_ELAGE P_EE

M_ELAGE M_EE
E_ELAGE E_EE
A_ELAGE A_EE;
IF _TYPE_ = 'RESIDUAL' THEN PRES=PERC_PU;
IF _TYPE_ = 'RESIDUAL' THEN MRES=METH_PU;
IF _TYPE_ = 'RESIDUAL' THEN ERES=TCE_PU;
IF _TYPE_ = 'RESIDUAL' THEN ARES=TCA_RU;
IF _TYPE_ = 'PREDICT' THEN PHAT =MET_PRP;
IF _TYPE_ = 'PREDICT' THEN MHAT =MET_MRP;
IF _TYPE_ = 'PREDICT' THEN MPHAT=PAI_MRP;
IF _TYPE_ = 'PREDICT' THEN MFHAT=FBL_MRP;
IF _TYPE_ = 'PREDICT' THEN EHAT =MET_ERP;
IF _TYPE_ = 'PREDICT' THEN AHAT =MET_ARP;
IF LAST.DATE THEN DO;
MET_PRP = PHAT ;
MET_MRP = MHAT ;
PAI_MRP = MPHAT ;
FBL_MRP = MFHAT ;
MET_ERP = EHAT ;
MET_ARP = AHAT ;
OUTPUT;
END;
P_ELAGE = PRES * LAG( PRES ); P_EE = (LAG( PRES))#*%2;
M_ELAGE = MRES * LAG( MRES ); M_EE = (LAG( MRES))#*%2;
E_ELAGE = ERES * LAG( ERES ); E_EE = (LAG( ERES))*#*2;
A_ELAGE = ARES * LAG( ARES ); A_EE = (LAG( ARES))*%2;
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Table D.5 (continued)

DATA RESID (KEEP= P_ELAGE P_EE
M_ELAGE M_EE
E_ELAGE E_EE
A_ELAGE A _EE);

SET TEMP;
IF _TYPE_ = 'PREDICT' THEN DELETE;
IF _TYPE_ = 'ACTUAL' THEN DELETE;

IF _N_=1 THEN P_EE
IF _N_=1 THEN E_EE
PROC SUMMARY DATA=RESID;
VAR P_ELAGE P_EE
M_ELAGE M_EE
E_ELAGE E_EE
A_ELAGE A_EE;
OUTPUT OUT=TEMP2 SUM = SP_ELAGE SP_EE
SM_ELAGE SM_EE
SE_ELAGE SE_EE
SA_ELAGE SA_EE;

; IF _N_=1 THEN M_EE = .
; IF _N_=1 THEN A_EE = . ;

DATA RHO;
SET TEMP2;
PERC_RHO = SP_ELAGE / SP_EE ;
METH_RHO = SM_ELAGE / SM_EE ;
TCE_RHO = SE_ELAGE / SE_EE ;
TCA_RHO = SA_ELAGE / SA_EE ;
MATCH = 100;

PROC PRINT DATA=RHO;
VAR PERC_RHO METH_RHO TCE_RHO TCA_RHO;
TITLE 'ESTIMATES OF FIRST ORDER AUTOCORRELATION, RHO';

Femmm - PICK OUT INSTRUMENT PREDICTIONS FROM 2SLS--------- 3
DATA TEMP3 (DROP = MET_PRP MET_MRP PAI_MRP FBL MRP MET_ERP MET_ARP);

SET CHEM2;
DATA TEMP4 (KEEP = DATE MET_PRP MET_MRP PAI_MRP FBL_MRP MET_ERP MET_ARP);
SET TEMP;
IF _TYPE_ = 'RESIDUAL' THEN DELETE;
IF _TYPE_ = 'ACTUAL' THEN DELETE;
DATA Z;
MERGE TEMP3 TEMP4;
BY DATE:
Feommmoan CREATE TRANSFORMED MATRIX FOR GLS ESTIMATION------ ;
DATA Z_STAR;
MERGE Z RHO;
BY MATCH;
PERC_PU = PERC_PU - PERC_RHO*LAG(PERC_PU);
PMETDX = PMETDX - PERC_RHO*LAG(PMETDX );
MET_PRP = MET_PRP - PERC_RHO*LAG(MET_PRP);
BLSDX = BLSDX - PERGC_RHO*LAG(BLSDX );
KNITS = KNITS - PERC_RHO*LAG(KNITS );
METH_PU = METH_PU - METH_RHO*LAG(METH_PU);
MMETDX = MMETDX - METH_RHO*LAG(MMETDX );
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Table D.5 (continued)
MET_MRP = MET_MRP - METH_RHO*LAG(MET_MRP);
PAINT = PAINT - METH_RHO*LAG(PAINT );
PAT_MRP = PAI_MRP - METH_RHO*LAG(PAI_MRP);
FBLOW = FBLOW - METH_RHO*LAG(FBLOW );
FBL_MRP = FBL_MRP - METH_RHO*LAG(FBL_MRP);
TCE_PU = TCE_PU - TCE_RHO *LAG(TCE_PU );
EMETDX = EMETDX - TCE_RHO *LAG(EMETDX );
MET_ERP = MET_ERP - TCE_RHO *LAG(MET_ERP);
TCARU = TCA_RU - TCA_RHO *LAG(TCA_RU );
AMETDX = AMETDX - TCA_RHO *LAG(AMETDX );
MET_ARP = MET_ARP - TCA_RHO *LAG(MET_ARP);
ESTIMATE SUR ON TRANSFORMED Z_STAR-=--==-=-=

PROC SYSNLIN DATA=Z_STAR MODEI=RHO_SUR

TITLE 'TOXSYS3G --

ID DATE;

SUR DW

OUT=PLOTS OUTRESID OUTPREDICT QUTACTUAL;

FIT PERC_PU METH_PU TCE_PU TCA_RU;

PROC SORT DATA=PLOTS; BY DATE:

DATA PLOTS2;
SET PLOTS;
BY DATE;

RETAIN

IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF
IF LAS

PER_PU PHAT PRES
MET_PU MHAT MRES

TE_PU EHAT ERES
TA_PU AHAT ARES;
TYPE_ = 'ACTUAL'
TYPE_ = 'PREDICT'
TYPE_ = 'RESIDUAL'
TYPE_ = "ACTUAL'
TYPE_ = 'PREDICT'
TYPE_ = 'RESIDUAL'
TYPE_ = 'ACTUAL'
TYPE_ = 'PREDICT'
_TYPE_ = 'RESIDUAL'
TYPE_ = 'ACTUAL'
TYPE_ = 'PREDICT'
TYPE_ = 'RESIDUAL'
T.DATE THEN DO;

PERC_PU=PER_PU;
METH_PU=MET_PU;

TCE

_PU=TE_PU;

TCA_RU=TA_PU;
OUTPUT;

END;

PROC PLOT DATA=POUTT2;
PLOT PERC_PU*DATE PHAT*DATE='+*'/OVERLAY;

SIMULTANEOUS EQ W AR(1) -- 67 TO 83'

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

PER_PU=PERC_PU;
PHAT=PERC_PU;
PRES=PERC_PU;
MET_PU=METH_PU;
MHAT=METH_PU;
MRES=METH_PU;
TE_PU=TCE_PU;
EHAT=TCE_PU;
ERES=TCE_PU;
TA_PU=TCA_RU;
AHAT=TCA_RU;
ARES=TCA RU;
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Table D.5 (continued)

PLOT PRES*PHAT/ VREF=0;
PLOT PRES*DATE/ VREF=0;
PLOT METH_PU*DATE MHAT*DATE='+*'/OVERLAY;
PLOT MRES*MHAT/ VREF=0;
PLOT MRES*DATE/ VREF=0;
PLOT TCE_PU*DATE EHAT*DATE='*'/OVERLAY;
PLOT ERES*EHAT/ VREF=0;
PLOT ERES*DATE/ VREF=0;
PLOT TCA_RU*DATE AHAT*DATE='*'/OVERLAY;
PLOT ARES*AHAT/ VREF=0;
PLOT ARES*DATE/ VREF=0;
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