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PREFACE

This Note was prepared under Cooperative Agreement No.
CR811034-01-0 with the Regulatory Impacts Branch of the Office of Toxic
Substances in the U.S. Environmental Protection Agency (EPA). The
purpose of the cooperative agreement is to develop and improve the
agency's methodologies for evaluating the economic implications of
toxic substances control policy. During the first year of the project,
emphasis has been placed on evaluating methods currently in use and on
identifying issues for which additional methods are needed. 1In the
project's second year, the research effort will shift increasingly to
developing new or extended methods.

This is one of two documents issuing from the first project year.
The authors of the present Note review a wide range of issues that
commonly arise in EPA's evaluation of policies toward existing
chemicals. Although the economic theory and measurement methods
discussed here are available from other sources, the Note attempts to
resolve some conflicts in the previous literature and to show how and
when existing methods apply to the specific circumstances of toxic
substances control. A forthcoming Note (Timothy Quinn and Adele Palmer,
"New Chemicals Regulation under the Toxic Substances Control Act:
Models for Policy Evaluation,'" N-2364-EPA), develops several new and
adapted models for use in evaluating new chemicals control policy.

Both documents are directed to an interdisciplinary audience
consisting of policy analysts both within and outside government. The
reader is assumed to have some familiarity with basic economic concepts,
but neither advanced economics nor mathematical sophistication is

necessary.
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SUMMARY

This Note is intended as a basic reference source for reviewing
selected methods of economic welfare analysis. The methods explained
here are especially pertinent to evaluating policies that would regulate
the production or use of an intermediate product that is sold in a
competitive market and that might have close substitute products or
processes. Such methods are frequently applicable in situations where
an existing chemical may be regulated to control exposures that pose a
potential threat to human health or to the environment. Using these
methods, the analyst can judge the overall economic cost of the proposed
regulation (for comparison with the regulation's social benefits) and
the incidence of those costs (e.g., how much will be borne by household
consumers of final products, and how much by the firms that produce or
use the chemical to be regulated).

The Note's introductory section identifies the conditions under
which these welfare analytic methods are applicable, and reviews
concepts and terminology by reference to the simple case in which policy
intervention affects only a single market. The applicability conditions

are:

. The markets under consideration are competitive.

. The markets will remain competitive following regulation.

. The analytic objective is to measure long-run regulatory
impacts.

b Long-run supply curves are used for the analysis.

. Regulation(s) under consideration will directly alter market

supply functions.
The terminological review covers:

. Long-run and short-run supply functions;
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i Producer, consumer, and trader surplus;

. Resource costs, compliance costs, and deadweight losses;

. Compensated (Hicksian) and uncompensated (Marshallian) demand
functions, and the distinction between'demand functions and
conventionally illustrated demand curves;

. Net trader surplus, and the distinction between that and social

welfare.

The review of single-market analysis identifies the components of trader
surplus changes due to regulation and reveals that the net trader
surplus effect is measured in a standard way regardless of the shapes of
the demand and supply curves of the market in question.

Section II presents alternative analytic methods for cases in which
a product to be regulated (or taxed) has close substitutes or

complements. The discussion defines the following terms:

. Horizontally related markets;
. Perfect and imperfect substitutes;

* (Ceteris paribus and mutatis mutandis demand functions.

The presentation shows that regulation of a product having a
perfect substitute can be analyzed as though there were a single market
for both products, thus permitting use of essentially the same
methodology as in Sec. I. However, if the ratio of the two substitute
products' prices is found to vary over time, or if empirical analysis
based on the perfect substitution model produces anomalous results, the
analyst should turn to methods based on the assumption that the products
are imperfect substitutes. For that purpose, two alternative methods
are available; they use alternative specifications of product demand,
require different market data, and are not equally informative about the
incidence of regulatory effects--but, properly applied, the two methods
produce equivalent measures of net trader surplus changes.

Section III turms to cases in which regulating a product may affect
market prices or quantities for the inputs used to make the product or

for the goods made by using the product. The section elaborates on the
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producer and consumer surplus concepts, explaining that the surplus
changes measured in an intermediate market encompass the surplus changes
experienced by the buyers or sellers of inputs and final outputs as
well. Accordingly, measures of net trader surplus changes taken in the
iﬁput and final output markets should not be added to those taken in the
intermediate market, since doing so would entail double or triple
counting. On the other hand, measures taken in the different related
markets provide additional information about the incidence of welfare
changes and thus may be useful, for example, in order to distinguish
losses to household consumers from losses to firms that use the
regulated product to produce final goods.

Although a full discussjon of empirical methods to support welfare
analysis is beyond the scope of this Note, two appendices cover some
empirical issues. Appendix A provides a numerical example, using a
slightly more complicated case than the one used for conceptual purposes
in Sec. I. Appendix B explains how regression analysis may be used to:
(a) determine whether two products are perfect substitutes; (b) conduct
ceteris paribus analysis of imperfect substitutes; and (c) conduct
mutatis mutandis analysis of imperfect substitutes. Basic findings from

the second appendix are also reviewed in the text of Sec. II.
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I. INTRODUCTION

PURPOSE AND SCOPE

Under the Toxic Substances Control Act (TSCA), the U.S.
Environmental Protection Agency (EPA) is mandated to control human and
environmental hazards caused by existing as well as new chemicals. Each
year, a federal Interagency Testing Committee nominates existing
chemicals that may warrant toxicological testing to determine whether
they pose hazards. Other chemicals come to EPA's attention through
reports from the public or through internal in&estigations. For each
such chemical, it is the responsibility of the Regulatory Impacts
Branch, in concert with other parts of the EPA's Office of Toxic
Substances, to identify testing or regulatory options and evaluate their
benefits and costs.

A major (though certainly not the sole) evaluation component is
economic welfare analysis. It goes beyond measuring the costs of
exposure-controlling equipment and procedures, or putting a dollar value

on avoiding health or environmental damage. In welfare analysis, the

! asking how much

analyst examines the incidence of regulatory costs,
will be incurred by industry and how much will be shifted to consumers
through higher prices and reduced access to desired products. And
welfare analysis assesses potential regulatory effects on the overall
efficiency with which the economy uses available resources to meet
society's goals.

This Note provides a basic reference source for welfare analytic
concepts and methods that pertain to circumstances commonly encountered
in TSCA policy evaluation. This section reviews the central concepts of
welfare theory, showing (geometrically) how the analysis is conducted

when a single chemical market is subject to regulation. Section II

extends the theory to cases in which regulating one chemical affects

!Like many terms in economics, "incidence" can vary in meaning from
one text to another. For example, Musgrave and other analysts use
incidence to refer to the initial effect of a tax, and use 'burden" to
refer to the ultimate effect. However, the latter is described by
"incidence” in this Note.
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demand for substitute or complementary products. Section TIT extends
the theory in another direction--to cases in which regulatiﬁg a chemical
affects markets for the inputs used to produce it or the products made
from it. Finally, two appendices deal with techniques for quantifying
welfare measures. The explanations provided here should assist
Regulatory Impacts Branch staff in conducting preliminary analyses,
preparing requests for proposals, and evaluating the welfare analytic
research performed by consultants and contractors.

However, the analytic tools presented herein should not be applied
indiscriminately. Under certain market or regulatory conditions, these
methods are incomplete or inappropriate. Before using these tools in an
actual application, the analyst (or the reviewer of analysis) should
determine whether the case in question satisfies the following

conditions:
. The markets under consideration are competitive.

For some existing chemicals, this assumption is appropriate
because the technologies to make and use the chemicals are
widely available and the markets are large enough to support
several competing companies. But for some existing chemicals,
and for nearly all new ones, the competitive assumption should
be relaxed in models used for welfare analysis.

. The markets will remain competitive following regulation.

Many of the regulatory instruments evaluated by EPA would apply
uniformly to all firms in a market, posing no special barriers
to entry and exit of firms and thus preserving the market's
competitiveness. Examples might be taxes on a chemical or
requirements that workers wear protective clothing during
chemical production. However, regulations that do not apply
uniformly, such as those that exempt existing firms through
"grandfather" clauses, would cause market distortions whose
effects are not analyzed by the welfare analytic methods
presented here.

. The analytic objective is to measure long-run regulatory
Impacts.

The methods described herein measure differences in welfare
between the long-run market outcomes with and without
regulation. In regulatory impact analysis, the evaluation
would also consider welfare changes occurring during the
transition from an unregulated economic environment to a
regulated one--plant closures, job losses, reductions in
property values and in property and income tax revenues, and
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other forms of economic and social disruption. In our
judgment, methods for analyzing transitional welfare effects
warrant further research and development. The established
welfare analysis techniques covered by this report do not deal
with transitional effects.

¢ Long-run supply curves are used for the analysis.

In the short run, supply responses to a change in market prices
are limited by fixed availability of human and physical capital
(e.g., trained workers, facilities, and equipment). In the
long run, however, existing firms can contract or augment their
capital and--especially important--new firms can enter the
market or existing ones can leave. For this reason, long-

run supply curves are usually quite different from the price or
cost relationships observed in an engineering analysis of
existing plants.? The analytic methods in this Note require
properly specified long-run supply curves.

®  Regulation(s) under consideration will directly alter market
supply functions.

The methods reviewed here deal with market effects generated
when regulation alters the cost of producing a product or, in
the case of a tax, alters the prices consumers must pay for the
product. Not considered here are regulations that pose one-
time-only costs, such as those for a chemical's toxicological
testing. Also not considered here are effects that might arise
because regulation alters the availability or cost of
information (e.g., consumer demand effects of labeling
requirements) or because a regulatory action causes consumers
to revise their perception of a product's safety. Such
regulatory effects can be subjected to welfare analysis, but
doing so would require extensions of the methods shown in this
Note.

Furthermore, in any welfare analysis, critical steps occur before
the methods éhown here can be applied. The initial steps entail
discovery of the demand and supply relationships for each market of
concern. If the relationships used for the analysis do not accurately
portray importanf market characteristics, a correct application of the

methods shown herein will nevertheless yield incorrect results.

2Long-run supply curves are generally more elastic ("flatter') than
short-run curves--and much flatter than the average-cost profile of an
existing plant. Appendix B contains some additional comments on the use
of engineering data in specifying long-run supply curves.



- 4 -

In some situations that meet the criteria for applying this Note's
methods, it will prove most appropriate to model market supply functions
as being perfectly elastic (i.e., horizontal). Perfectly elastic supply
may characterize a market in which additional quantities are supplied
primarily by the addition of plants or firms; when new plants or firms
can replicate the cost patterns of existing plants or firms, and when
market expansion does not bid up the prices of such inputs as raw
materials or technical expertise, output can increase in the long run
with little or no change in market prices.

For this Note, however, upward-sloping supply curves will often be
used to illustrate welfare measurement concepts and techniques. This
permits a more comprehensive discussion of the components of welfare
change. The use of upward-sloping supply curves should not be construed
as suggesting that such curves are always appropriate for chemicals'
policy welfare analysis.

The remainder of this section reviews basic welfare analysis
methods, establishes terminology, and generally sets the stage for

subsequent sectioms.

SINGLE-MARKET WELFARE ANALYSIS: A REVIEW

Methods for measuring a policy's welfare effects in a single market
are well established but are presented using a variety of terminological
and graphical conventions. This review establishes the conventions used
in this Note and provides a basis for the extensions considered in later

sections.

Measuring Trader Surplus Changes

Figure 1.1 illustrates a general case: A competitive market with
an upward-sloping supply curve is initially in equilibrium at price P0
and quantity QO. Government intervention imposes additional costs on
this market's suppliers, shifting the supply curve up; the added cost
might be an excise tax or a regulatory requirement with which it is
costly to comply. A postintervention equilibrium is established at

(higher) price P, and (reduced) quantity Ql.

1
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Fig. 1.1 -- Trader surplus changes

The diagram labels various areas representing components of change
in a basic welfare measure known as trader surplus. For producers, the
market supply curve indicates the minimum revenue per unit needed to
cover production costs and yield a normal profit at each quantity of
output; where the market price exceeds that minimum revenue, producers
earn a surplus. At the original price, PO’ the producer surplus is

indicated by area 1, but at the postintervention price, P,, the surplus

>
is area 2 instead. Thus, the producer surplus change is ;rea 2 minus
area 1.° Analogously, the market demand curve may be described as
indicating the prices consumers are willing to pay for various
quantities of the good; accordingly, consumers who are willing to pay
more than the market price earn a surplus. When market price rises from
PO to Pl’ consumer surplus declines by the sum of areas 2 and 3. After

eliminating the transfer of surplus from consumers to producers (area

2), the net trader surplus effect is a loss measured by 1 plus 3.

*As a rule, the difference between these areas represents a
producer surplus loss. There are conditions, however, under which a
gain can occur. Under such conditions, the producer surplus gain is
always offset by losses in consumer welfare. '



Although the foregoing yields the correct measure of net trader
surplus, the intuitive description is imprecise in ways that can cause
confusion, especially when the method is applied in more complex
situations. Potential sources of confusion are noted here and clarified
in later sections.

In economics, buyers (or potential buyers) of a product are
generally called "consumers,'" even if they are firms rather than
individuals or households. However, when a market's consumers are
firms, demand is often said to be "derived" or "intermediate, whereas
demand by individuals or households is said to be "final." As Sec. III
will show, final and intermediate demand are so closely interrelated
that theoretical discussions can sensibly refer to any market as though
its consumers are households. Indeed, if all the intermediate and final
markets have perfectly elastic supply curves, the consumer surplus loss
measured in the intermediate market is the loss to final household
consumers.

Even if the consumers in question are households, "willingness to
pay" is an imprecise way to describe the consumer surplus concept. Most
economic models do not assume that consumers set prices they are willing
to pay for various quantities, but rather that consumers choose
quantities they would purchase at various prices. According to the
latter view, the demand function would properly be drawn on a graph with
quantity on the vertical axis, and the change in surplus would be the
area under the function between the old and new prices. By convention,
however, economists draw the inverse of the demand function, as in Fig.
1.1. 1In such a figure, consumer surplus is not measured by the vertical
distance between a demand curve and a price line but ié measured
horizontally, by distances between the price axis and the demand curve.
This should cause no confusion in the single-market case of Fig. 1.1,
but it can cause confusion in the related-market analyses of Sec. II.

Another imprecision is contained in references to "the'" demand
curve, when there are acﬁually several ways to specify demand. In
principle, surplus measures should be taken from the income-compensated
(also called Hicksian) demand curve.* In practice, uncompensated (also

called Marshallian) demand curves yield a very good approximation unless

“When a price rises, consumers tend to buy less of the product for



expenditures on the product represent very large shares of income or
price changes are very large (e.g., when a product having no close
substitute is banned). With those exceptions, the methods shown in this
Note can rely on uncompensated demand curves.

In drawing an upward-sloping long-~run supply curve for a
competitive market, some explanation must be given for the inability of
entry to preserve constant costs as market output increases. One
possible explanation is that some firms already in the market possess
managerial skill, technical expertise, or locational advantages that
cannot be matched by new entrants.® But another explanation is that
expanding the output of this product induces price increases for
productive inputs (e.g., raw materials become more costly to discover
and extract). It is the owners.of those inputs, not necessarily the
competitive firms that buy the inputs, who benefit (earn a larger
surplus) when output expands or lose (earn a smaller surplus) when
output contracts.® Just as consumer surplus changes measured in an
intermediate market may actually represent surplus changes for household
consumers, the producer surplus changes in that market may actually
represent surplus changes for owners of inputs. The relaticnships
between primary input and intermediate markets and the implications for

interpreting producer surplus measures are also explored in Sec. III.

two reasons: The good has become more expensive relative to other
goods, and a given income will not purchase as much as before. An
income-compensated demand curve shows how quantities adjust to the
relative-price effect alone, as though income were raised enough to
offset the income effect of the price change.

SSome economists might argue that such advantages constitute
barriers to entry and thus that markets whose firms hold these
advantages should not be described as competitive. Other economists
argue that such advantages are not inconsistent with the competitive
paradigm so long as the market still induces marginal-cost pricing by
each firm at each point in time. Both sides agree, however, that the
existence of such advantages can produce upward-sloping market supply
curves and that holding such advantages allows firms to earn rents
(producer surplus) that are affected by regulation.

*More precisely, the owners of "inframarginal" input resources gain
or lose. Consider a rise in petroleum prices for example. An owner of
an inaccessible deposit may begin extraction because the price is now
just high enough to yield a normal return on capital. But owners of
more accessible deposits also sell oil at the increased price even
though their recovery costs are unchanged; they earn a (larger) surplus
at the newly raised price.



In Fig. 1.1, the postregulation supply curve, Sl’ was drawn so that
it lies everywhere above the preregulation price, PO' That condition
would not always be found when the supply curves are upward-sloping,
especially if regulation shifts the supply curve only slightly.

Appendix A illustrates welfare analysis when the condition does not hold
and uses the more complex case to show how a numerical calculation of

net trader surplus losses would proceed.

Interpreting Trader Surplus Changes for Policy Assessment

Figure 1.2 decomposes the net trader surplus loss into two
components. Area A measures the total tax revenues from this market or
the total payments for the resources used in regulatory compliance.
When the intervention is a tax, area A represents income available to
another part of the economy, and is sometimes described as the tax's
redistributive effect. When the intervention is a regulation, area A
represents the market value of resources used for regulatory compliance

and is sometimes described as the policy's resource cost.

Price 5'
S S
P' 0
PoF R 6
o} {A)
I Yy
D
Quantity
a, a,

Fig. 1.2 -- Interpretation of net trader surplus loss
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In the economic literature, triangle B is often described as a
"deadweight" loss. This phrase comes from classical economic studies
concerned with the welfare effects of taxes or tariffs imposed on
properly functioning markets. A tax drives a wédge between the cost of
producing a good and the price consumers pay for it. As a result,
resources are not allocated to this market to the full extent warranted
by consumer demand. Such allocative inefficiency reduces the consumer
utility that can be attained from a given set of society's resources.
The deadweight loss from the tax is the policy's net social welfare
effect.

But in regulatory contexts--where the market in question presumably
functions improperly without intervention--the interpretation of Fig.
1.2 differs. When'production or consumption of a good yields negative
externalities (i.e., the market price does not reflect the costs of
health or environmental hazards), then regulation may actually eliminate
an existing distortion by requiring the market to internalize its
external costs. In practical applications, however, it is common to
treat regulation as imposing both resource costs and a deadweight loss,
and then to compare this total loss with measures of social benefit to
determine whether the overall effect is a social gain or loss. Since
the social benefits are omitted from the welfare analyses described in
this Note, the losses measured here pertain only to the cost side of the
regulatory ledger.

The results of single-market amnalysis vary according to specific
circumstances. For example, the market supply curve(s) might be
horizontal. Then, the intervention's effect on total production costs
is always fully offset by a change in total producer revenues; all
losses are experienced by consumers alone.

In all cases that meet the conditions stated at the beginning of
this section, however, the method for single-market analysis is the
same. The net trader surplus effect is always the area bounded by the
demand curve, the two supply curves, and the price axis. And there is

always a deadweight loss equal to the difference between the net trader
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surplus loss and the total amount of tax payments or regulatory

compliance resource costs.’

"There is a deadweight loss even when the intervention is a per-
unit subsidy. 1In that case, consumers (or consumers and producers) gain
in the subsidized market, but their total gains are necessarily less
than the total subsidy payments; the excess of subsidy payments (which
must somehow be recovered from the economy as a whole) is the deadweight
loss in this case.
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[1. MODELING WELFARE EFFECTS IN HORIZONTALLY RELATED MARKETS

The single-market analysis of Sec. 1 is appropriate whenever
government intervention in a competitive market is expected to have
little effect on equilibria in other markets. However, many situations
are encountered in which intervention in one market can noticeably
affect equilibrium in some other market. For example, if a product can
be made using one of two alternative chemicals, regulating one of them
tends to increase sales of the substitute. Or if a product is made
using a combination of chemicals, regulating one of them may reduce
sales of the complementary chemical as well.

This section shows how to measure social welfare effects from
regulating a product that has substitutes or complements. The goods in
question may be final products purchased by consumers or intermediate
goods purchased by firms for use in some manufacturing process. In the
latter case, though, there are further measurement issues not addressed
here, pertaining to welfare effects in the vertically related market for
final goods. Vertically related markets are examined in Sec. III. 1In
this section, we restrict attention to measurements in the
“"horizontally" related markets only.

The market relationships considered here all result from demand
behavior. We will begin with the special case of perfect substitution
in demand, in which customers view two products as so similar that they

‘will only purchase whichever is available at the lowest price. We will
then consider.imperfect substitution in demand, in which customers shift
their purchases as the products"relative prices change, but do not
necessarily eliminate purchases of the higher-priced product. The
concepts and models developed here for imperfect substitution also carry
over to cases of complementarity, in which customers tend to purchase
two or more products in combination, increasing (or decreasing)
purchases of both when either price falls (or rises).

In published analyses of imperfect substitution (e.g., Mishan,
1971; Gramlich, 1981; Kohler, 1981), apparently similar graphical

analyses.seem to imply contradictory approaches to measuring the welfare



effects of policy. Mathematical analysis resolves the issue by proving
that there are two virtually equivalent measurement approaches. This
section describes the resclution in a graphical (and necessarily less
technical) mode. ‘

The last portion of this section relates the theoretical
‘measurement approaches to techniques of empirical analysis, specifically

those that rely on regression methods.

PERFECT SUBSTITUTION

By definition, two prodﬁcts are perfect substitutes if their cross-
price demand elasticity is infinite. That is, customers are indifferent
between perfect substitutes when their prices are equal and buy only the
cheaper one when prices differ. Identical, unbranded products made by
different producers are the most common examples of perfect
substitutes.?!

However, perfect substitutes do not have to be identical. They
merely have to perform the same function or serve the same aim; for
example, plastic and cardboard egg cartons might be perfect substitutes.
Perfect substitution is not intrinsic to the products themselves but is
a behavioral concept. It describes how customers behave as the
products' relative prices change--and that type of behavior can be
observed with respect to ostensibly dissimilar products.

Though truly perfect substitution among unlike products is rare,
nearly perfect substitution is fairly common. Users might not be
totally indifferent between the food preservatives BHA and BHT when
their prices are equal, but a fairly small price differential might be
enough to persuade nearly all buyers to choose one preservative or the
other. If so, modeling the market as though the preservatives were

perfect substitutes may yield a reasonable approximation to reality.

'Tdentical products could be analyzed correctly using the methods
described here. Indeed, the methods could be useful when the analyst
has sales data only for a subset of a market's producers. In most
cases, however, the analyst observes total market sales rather than
those for individual firms, and a simpler whole-market model of demand
and supply can then be used without explicit consideration of the
perfect substitution assumption embodied in that. model.
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Figure 2.1 illustrates the perfect substitution model for two
products, A and B, that are sold competitively and have upward-sloping
long-run supply curves.

.The figure portrays the combined market for A and B. Since
customers view the two products as functionally equivalent, the market-
demand curve (D) is expressed in terms of the single quantity, Q, which
eQuals the sum of the two products' units, Qé + Qb. The market-supply
curve for product A is Sa' The total market-supply curve, S, is the
horizontal sum of Sa and the supply curve for product B; although the
latter is not shown explicitly, it can be inferred from the horizontal

distance between S and Sa at various prices. The market's equilibrium
price is PO’ while its equilibrium quantity is QO’ composed of an units

of A and Qb0 units of B.

Price
P
o
= JL e .! Quantity
0 0
a® @ q
Fig. 2.1 -- Perfect substitution model of the combined market for

products A and B
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It is often appropriate to suppose that, in the long run, the
supply curve is flat. If this were true for both A and B, the long-
run market outcome would be dominated by whichever product can be
produced most cheaply; one of the products would disappear from the

market unless both can be produced at the same long-run average cost.

Welfare Effects from Regulating a Perfect Substitute

To analyze the effects of regulating product B, it is necessary to
specify the production relationships between the two products. As
regulation causes the supply of B to contract, producers of B will
purchase smaller amounts of inputs. Since we have specified an upward-
sloping supply curve for B, we might infer that reduced levels of
product B output will induce price decreases for at least some of the
inputs (see Sec. I, pp. 6-7). If those inputs are also used in
producing product A, its supply curve will rotate downward as the
product B market contracts. In Fig. 2.2, the supply curve rotates to
S'a if product B is banned, or to S"a if product B is regulated less
severely.?

The upper graph of Fig. 2.2 assumes that product B has been banned.
Thus, the market-supply curve, which was S without the regulation,
becomes S'a when the ban is imposed; the resulting market price is P',
and the market output level is Q', composed entirely of product A.
Having illustrated the single combined market for A and B, we can use
the single-market analysis method from Sec. I: The shaded area in Fig.
2.2 is the overall net trader surplus loss.

Alternatively, the lower graph of Fig. 2.2 assumes that regulations
are imposed on the producers of B, increasing their costs and shifting
their supply curve up. Accordingly, the product A supply curve rotates
to S"a and the market-supply curve shifts from S to §'. The shaded area

indicates the trader surplus loss area.

21f A and B sharc no inputs, or if their shared inputs are not the
ones whose prices vary with use, then Sa may remain stable. In that

case, S_would be used instead of S' or 8" to calculate postregulation
a a a P &

market prices, quantitites, and surplus losses. In that case, however,
it should be recognized that the released inputs from B's production may
be valuable in other industries, in which case some of the welfare loss
in the A and B market would be offset by welfare gains elsewhere in the
economy .
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Product B regulation

Fig. 2.2 -- Net trader surplus losses from a ban or regulation of product B
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Another situation (not illustrated) is one in which both products'
long-run supply curves are horizontal. Sales of both products A and B
might be observed, for example, because both can be produced at the same
long-run average cost, or because one of the products has recently
entered the market and a new long-run equilibrium in which only the new
product is sold has not yet been achieved. Let us consider welfare
measures for each of these cases in turn.

If both products can be produced at the same, constant, long-run
average costs, then any regulation of product B which increases its long-
run average costs will drive it from the market. MHowever, neither a ban
nor other regulation would have any long-run trader surplus effects.

The result of regulation would be an increase in purchases of product A
at the same, constant price; consumers (who are indifferent between the
products at that price) are just as well off as before, and producers of
B simply exit the market without any long-run loss because they had no
surplus to lose. Any losses experienced under these conditions are
short-run losses.

Suppose, however, that product B has a lower long-run average cost
and would eventually dominate the market if unregulated. Regulation
could produce either of two outcomes: If regulation raises product B's
long-run average cost (LRAC) above product A's, the effect is to prevent
B from dominating the market; in that case, the policy's long-run effect
is to raise the market price from the level of product B's LRAC to the
level of product A's LRAC. Alternatively, if regulation still leaves
B's LRAC below that of A, product B will still dominate and market price
will rise from B's old average cost to its new one. In either case,
since producers earn no long-run rents, they do not lose any surplus in
the long run. All losses are borne by consumers who must pay higher
market prices.

Later in this section, we discuss empirical methods for determining
whether two products are perfect substitutes. But first this section
shows how the analysis would proceed if the evidence shows that there

are related markets but the relationship is imperfect substitution.
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IMPERFECT SUBSTITUTION

When the analysis extends to imperfect substitutes (or
complements), terminology and notation become more complicated. The
following conventions will be used in the remainder of this section:
First, the regulation under analysis will directly affect a single
"primary" market and only indirectly influence a "secondary" market by
altering demand for a substitute or complement. (The secondary market
may or may not be subject to its own regulation or subsidy.) Second,
variables such as price and quantity in the primary market are demoted
by upper case letters, with lower case reserved for the secondary
market. This discussion will also ignore secondary-market supply shifts
due to release of inputs from a regulated primary market--though such
shifts should not be ignored in actual applications.

If a secondary market might be indirectly affected by regulation,

two policy-evaluation questions immediately arise:

1. Will consumers and producers in the secondary market also
experience gains or losses that should be separately recognized
as part of the policy's redistributive effects?

2. Might there be an additional net welfare loss (or perhaps even
a gain) that the single-market analysis has not fully taken

into account?

There is a circumstance in which the established answer to both
these questions is: No. It is the case in which the supply curve in an
unregulated and unsubsidized secondary market is horizontal. The case
is illustrated in Fig. 2.3, where the diagram for the primary market
repeats the upper diagram from Fig. 1.1 and a second diagram is
introduced for the secondary market. The price increase in the primary
market causes a shift in the secondary-market's demand curve. The
illustrated secondary good is a substitute product, so its demand curve
shifts out from d to d'; if the secondary good were a complement; the
demand curve would shift in. In either case, there is no price change
in the secondary market because, by assumption, the supply curve'there

is horizontal.
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Fig. 2.3 -- Related-market analysis when secondary-market demand is horizontal
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With price unchanged in the secondary market, the full producer
surplus effect is unambiguously measured in the primary market alone.
Theré are no welfare changes for producers in the secondary market for
the same reason that there would be no measured change for primary-
market producers if their market-supply curve were horizontal: Market
price equals production costs at all output levels, so there is no
producers' surplus to be gained or lost.

It is possibly less obvious--though equally true--that the primary
market measurement also captures the full consumer surplus change when
the secondary-market price is constant. As Sec. I noted, the demand
function specifies quantities demanded as a function of prices, and
consumer surplus increments are properly measured by areas to the left
of (rather than under) a demand curve as normally illustrated.? If the
"new" price in a market equals the "old'" one, the area between those two
prices (and to the left of a demand curve) is zero--indicating no change
in consumer surplus. This is true regardless of whether the old demand
curve (d, which holds the primary-market price at PO) or the new demand
curve (d', which holds the primary price at P') is used in the analysis.
The result is unambiguous.

Consumers spend more in a substitute market as a way of avoiding
some of the impact of the primary-market's price increase; if consumers
did not shift away from the primary market, their primary demand curve
would be steeper, and we would observe a larger consumer surplus loss
there. But regardless of market shifting, so long as price remains
unchanged in the secondary market, all of the consumer surplus change is
measured in the primary market alone.

However, welfare effects in the secondary market do become an issue

if:

3Mathematically, a change in consumer surplus is given by the
integral of a market's demand function taken between the old and new
prices in that market, holding all other prices constant. When the
market's price remains constant, the value of this definite integral is
identically zero.
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a. The secondary market is already and separately regulated or
subsidized; or '

b. The secondary-market's supply curve is not horizontal.

In case (a), the secondary-market intervention creates its own
social welfare effects that may change in magnitude when secondary
demand shifts. To measure the change, the analyst computes the welfare
effects of the secondary-market intervention twice--using the secondary-
demand curves from before and after the primary-market intervention.

The difference between these two secondary-market measures is an
additional effect of primary-market intervention that is not already
measured in the primary-market analysis. The case (a) analysis is
illustrated in Fig. 2.4. The secondary market's own intervention has
shifted the (perfectly elastic) supply curve from s to Sp> raising the

market price to Py from p. Before the primary-market regulation, the

Price

1 1 Quantity

Fig. 2.4 -- Additional trader surplus loss in a regulated secondary market
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secondary-demand curve is d, and the secondary intervention causes
consumer surplus losses measured by area R. When the primary market is
regulated, demand shifts to d'. The (consumer) surplus loss from the
secondary intervention becomes area £ plus area Af. Thus, A% is the
additional loss in secondary-market consumer surplus caused by the
combination of secondary- and primary-market regulations. Notice that
this additional loss is not observed in the primary-market analysis,
which views pp as the constant secondary-market price.®

Case (b) is more complicated. When the secondary market does not
exhibit constant returns to scale (i.e., the market-supply curve is not
horizontal), a demand shift there causes the secondary-market price to
change.® There is then a complex interaction between the two markets as
consumers respond to both primary and secondary price adjustments.
Postintervention equilibrium is now characterized by a pair of price-
quantity outcomes in the pair of related markets. Case (b) also gives

the analyst a choice between two welfare measurement approaches.

TWO METHODOLOGIES BASED ON TWO DEMAND CONCEPTS

Two alternative welfare analysis methods are available. As
explained below, one uses ceteris paribus demand curves; the other uses
mutatis mutandis demand curves. We shall consider each method in turn.

In describing each method, we again consider a situation in which
both the primary and secondary markets are competitive; the secondary
market is not subject to any subsidy or regulation; the primary-market
intervention is a tax or regulation; and the secondary product is a
substitute so that its demand curve shifts out due to the primary-market

intervention.

“If both the secondary and primary interventions occur
simultaneously, the analysis procedure is: (1) compute the primary-
market loss as though the secondary market is already regulated; (2)
compute the case (a) added loss in the secondary market; (3) compute the
secondary-market's loss as though the primary market is already
regulated; (4) compute the case (a) added loss in the primary market.

®In principle, the secondary supply curve may also shift when the
primary market is regulated. (The reasons were given earlier in the
discussion of perfect substitutes.) Taking account of both demand and
supply shifts usually requires a mathematical model, such as the one
used to discuss statistical methods in Appendix B.
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The Ceteris Paribus Method

Aside from the assumption that only the primary market will
experience direct intervention, our model of the two markets is
symmetrical. In each market, the preintervention equilibrium point lies
on a ceteris paribus demand curve--a curve reflecting consumers'
willingness to pay for that market's product given a constant price for
the substitute. Since the two markets are related in demand, each
market experiences a shift in its ceteris paribus demand curve whenever
the other market's price changes. Conceptually, intervention in the
primary-market sets off a chain reaction of c¢.p. demand shifts in the
two markets, culminating in a new general equilibrium that not only
equates demand and supply in each market but does so in both markets
simultaneously.®

Figure 2.5 illustrates the pre- and postintervention general
equilibria in the two markets. Absent intervention, the primary- and
secondary-market supply curves are S and s; the two markets' ceteris
paribus demand curves are Dc and dc; and the two market equilibria are
at points X and x, respectively. With intervention, the primary-market

supply curve shifts to S'; the primary- and secondary-market ceteris
paribus demand curves shift to DC“ and dct, respectively;’

and the new
equilibria are at points Y and y. The ceteris-paribus related-market
model for analyzing welfare effects is now complete.

The upward-sloping supply curve in the secondary market has three
implications for the analysis. First, it implies that there was some
preintervention producer surplus in the secondary market; when
intervention shifts the secondary-market equilibrium from x to y, the
amount of secondary-market producer surplus changes. Second, the

postintervention equilibrium in the primary market is not at price P'

(which would have been the outcome if the secondary-market price

®Mishan (1971) apparently presumed that comsumer surplus effects
would be calculated for each round of c¢.p. adjustment and then summed.
However, approximately the same result can be obtained by computing
surplus changes just once for the full adjustment from one general
equilibrium to the other.

We use asterisks here rather than primes to denote final, general
equilibrium outcomes.
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Fig. 2.5 -- Related-market equilibria when secondary-market price changes
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remained constant), but at price P*; all trader surplus changes in the
primary market must be measured with respect to the old and new
equilibrium prices, and so the value of P' is no longer relevant to the
analysis. Finally, because any given c.p. demand curve describes demand
only when all other market prices are constant, neither of the primary-
market c.p. demand curves will yield a complete measure of the consumer
surplus change when the secondary-market price changes. To use the c.p.
model, we must calculate producer and consumer surplus changes in both
markets.

As illustrated below, the two calculations for producer surplus
changes are straightforward. In the primary market, the preinterven-
tion surplus is determined at price P0 on supply curve S; the post=-
intervention surplus is determined at price P* on S'. In the secondary
market, there is only one supply curve, and the surplus change results
from the price change from Py to p*.

The consumer surplus calculation is a bit more complicated. In
each market, the surplus change is measured using a single c.p. demand
curve and the two (before and after) equilibrium prices. Notice that
this means that one of the demand curve points used in the measurement
is not a market equilibrium point; for example, if DC is used, its point
that corresponds to price P¥* is not the equilibrium point Y.

The consumer surplus calculation also requires the analyst to
choose the proper combination of primary- and secondary-market c.p.
curves. One. appropriate combination is the preintervention primary-
market c.p. curve (DC) and the postintervention secondary-market c.p.
curve (dc*). Intuitively, this decomposes the overall consumer surplus
effect into (a) the effect of changing only the primary price, holding
the secondary price constant at its initial value, and (b) the effect of
changing only the secondary price, holding the primary price constant at
its final value. If all the c¢.p. curves are properly income
compensated, the same combined result would be obtained altérnatively by
using the curves Dc* and dc' We shall illustrate the former

combination, since it is perhaps the one most commonly illustrated in

other texts.
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Figure 2.6 shows the primary-market portion of the analysis. The
upper diagram measures the consumer surplus loss as area (2) + (3) +
(4). Compared to Fig. 2.3, Fig. 2.6 shows an additional loss (area 4)
that results from the shift in primary-market demand that yields the

higher equilibrium price P . The shaded area between Dc and Dc* is not
included in the primary market measurement because we have held the
secondary-market priée constant at its preintervention level (po). The
effect of the secondary-market price change will be picked up in the
secondary-market portion of the analysis and must be omitted here to
avoid double-counting.

The lower diagram in Fig. 2.6 measures welfare changes for
producers. They gain areas (2) + (4) + (5) but lose area (1). Compared
to the situation in Fig. 2.1, primary-market producers gain additional
surplus (area (4) plus (5)) due to the higher postintervention market
price.

Area (5) deserves further comment. Obviously, it measures a wealth
transfer from consumers to producers in the primary market. But
although it appears as a gain component for primary-market producers, it
is not reflected in the consumer losses measured in the primary market.
Instead, it will implicitly be taken into account in the secondary-
market analysis. This illustrates the artificiality of attempting to
separate the primary- and secondary-market consumer welfare effects.
Because of the linkage between the primary- and secondary-market demand
curves, it is not really meaningful to distinguish consumer losses (or
gains) in one market from those in the other.

Figure 2.7 illustrates the secondary-market portion of the
analysis. Since we used the preintervention demand curve (DC) in the
primary-market measurement, we use the postintervention secondary-market
demand curve (d*). The consumer surplus loss is area (a) + (b) + (<),
of which (a) + (b) is a transfer to secondary-market producers. Area
{c) is the net trader surplus loss computed in the secondary market.

In summary, when the two market analyses are combined, the welfare
effects measured in Figs. 2.6 and 2.7 using the ceteris paribus demand

curves dare:
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Fig. 2.6 -- Primary-market analysis using ceteris paribus demand curves
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Fig. 2.7 -- Secondary-market analysis using ceteris paribus demand curves

* Primary market producers' welfare change:® (2) + (4) + (5) -
(1.

. Secondary market producers' welfare gain: (a) + (b).

. GConsumers' (combined) welfare loss: (a) + (b) + (c) + (2) +
(3) + (4).

. Net trader surplus loss: (c) - (5) + (1) + (3).

Compared to the case in which secondary-market prices are constant, this
analysis shows that an endogenous price increase for a substitute good
increases the net trader surplus loss by the difference between area (c)

in the secondary market and area (5) in the primary market.®

®This represents a gain if (2) + (4) + (5) > (1), a loss if (2) +
(4) + (5) < (). .

°If supply curves were horizontal in the primary market, area (5)
would not exist. Then the secondary-price increase would increase the
net trader surplus loss by area (c) alcne.
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The Nutatis Mutandis Method

The net trader surplus loss can alternatively be evaluated within
the primary market alone. To do that, it is necessary to establish the
concept of a mutatis mutandis demand curve--a demand curve that shows
how quantity demanded responds to a market price when prices in other
markets adjust endogenously.

Figure 2.8 once again repeats the primary-market illustration shown
in Figs. 2.6 and 2.7 but introduces another demand curve, Dm. The Dm
curve traces the primary-market consumption path associated with
alternative primary-market prices and the corresponding equilibrium
prices in the secondary market. The Dm curve is steeper than the
ceteris paribus curves, DC and Dc*, because they each assume that the
secondary-market price is constant, while D "recognizes" that each
price increase in the primary market will be associated with an

endogenous price increase in the secondary (substitute) market as well.

Quantity

Fig. 2.8 -- Primary-market analysis using the amutatis mutandis
demand curve
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By its comstruction, the Dm curve must pass through the market
equilibrium points on the curves DC and Dc*.

The Dm curve neatly divides the shaded area of Fig. 2.6 into two
components, labeled b and ¢ in Fig. 2.4. The labels are appropriate,
since it is possible to prove mathematically that the areas (b) and (c)
in Fig. 2.8 equal the areas with the same labels in the secondary-market
illustration of Fig. 2.7.'° Area (c) was previously described as the
net surplus loss in the secondary market, but we can now observe that
area (5) from Fig. 2.6 is a component of area (c); part of the loss
borne by consumers in the secondary market is a wealth transfer to
primary-market producers.

In Fig. 2.8, the overall net trader surplus loss is represented by
the area bounded by Dm’ the two supply curves, and the price axis.
Except for the size of this area, the net trader surplus loss is
measured the same way in Fig. 2.8 as in the single-market analysis of
Sec. I. S8imilarly, the loss area in Fig. 2.8 can also be divided into
its tax revenue or resource cost and deadweight components, and the
graph to show those components would look like Fig. 1.2 except that the
demand curve would be labeled Dm.

As Kohler (1981) and others have noted, the single-market
methodology is correct regardless of whether the secondary-market price
changes. If the primary-market demand curve we are using passes through
both the o0ld and new equilibria, then it is the correct curve to use.
The area bounded by that demand curve, the two supply curves, and the
price axis fully accounts for the overall net trader surplus change in

the two (or more) related markets.

The Great Debate: Which Approach Is Best?

Some analysts find the Fig. 2.8 analysis conceptually elegant.
Traditionally, economists have shown more interest in net trader surplus
(and, ultimately, net social welfare) effects of policy than in the way
a policy separately affects consumers and producers. The Fig. 2.8

approach provides a simple summary of the net surplus effect, clearly

1%That is, aside from a discrepancy that results if the demand
curves are not income-compensated.
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relates the effect to a single primary-market intervention, and (as in
Fig. 1.2) facilitates the distinction between a policy's redistributive
and efficiency (i.e., deadweight) consequences.

Other analysts favor the ceteris paribus méthod. Traditionally,
economists have invested considerable effort in distinguishing the
demand effects of a product's own price from the demand effects of other
prices (and of income, etc.). The ceteris paribus specification follows
naturally from this tradition. Moreover, proponents of the ceteris
paribus method correctly argue that only by examining both markets can
all income transfers be discernmed. Using only the primary market, it is
impossible to show a component (area (a)) of income transfer between
consumers and secondary-market producers.

As purely conceptual tools, each of the methods offers valuable
insights. The ceteris paribus method highlights a policy's indirect
impact on related markets. Accordingly, it may encourage the analyst to
investigate a variety of policy-relevant issues that are not directly
addressed by the conceptual model itself. (For example: If reduced
output in the primary market causes unemployment there, will expansion
in a substitute market absorb the displaced workers? Can capital
equipment be transferred from one market to the other? Should the
primary-market policy be introduced gradually to allow time for supply
expansion in the substitute market?)

Meanwhile, the mutatis mutandis approach emphasizes the close
linkage between the two markets. Some presentations of the ceteris
paribus method fail to recognize that the postintervention primary-
market price is not accurately predicted by the primary-market ceteris
paribus demand curve when the secondary-market price changes. 1In
contrast, the mutatis mutandis approach encourages correct predictions
of price outcomes and emphasizes that attempts to distinguish consumer
welfare effects in different related markets are largely arbitrary.

In a practical context, however, the central issue is not whether
one of the approaches is conceptually superior. The policy analyst's
ultimate aim is to quantify prospective welfare effects. Both of the
conceptual methods, when correctly implemented, show how to use
estimates of demand and supply parameters to measure the various

component effects. But before either method can be used, data must be
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collected and analyzed to obtain the parameter estimates. 1In practice,
data availability and empirical methodology together dictate whether the

various welfare effects can be accurately estimated.

ISSUES IN ESTIMATION

Data limitations are commonly encountered in the context of
chemical regulation. Although prices and market sales of some chemicals
are regularly reported in trade and government publications, most
chemical markets are not subject to systematic reporting. And even
though individual firms will often provide information on their own
production, costs, and technology, the information‘will often fall short
of describing overall market behavior. The regulatory analyst must
frequently cope with information gaps, especially when the analysis must
deal with markets for substitutes or compléments as well as with the
market for a chemical of concern.

Appendix B discusses the application of regression methods to
estimate related-market demand curves when data are limited. Here, we
summarize the salient conclusions of that discussion.

When market data for a chemical of concern are extremely limited,
the analyst may still be able to estimate demand curves if suitable data
are available on the chemical's supply conditions and on both demand and
supply of a perfect substitute. As detailed in Appendix B, the method
entails a two-stage least-squares or instrumental variables regression
of the substitute chemical's sales quantity on its price and other
variables. Though the resulting regression equation looks very much
like a standard single-market demand function, the coefficients
implicitly reflect sums of the combined market demand parameters and the
parameters of supply for the chemical of concern. When enough of the
latter supply parameters are available from other estimation procedures,
it is possible to solve for the demand parameters for the perfect
substitutes' market.

A potential pitfall in using this approach is that the perfect
substitution assumption may not be appropriate. Industry sources may
describe two chemicals (or two production processes that use different

chemical or nonchemical inputs) as being very close substitutes, but
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that does not necessarily mean that they fit the economist's definition
of perfect substitutes.!!

The analyst should be alert for evidence that the products might be
imperfect substitutes. Price differences between the two products may
be an indication of imperfect substitution--though that evidence is
ineonclusive. Price comparisons should use prices for functionally
equivalent units (perhaps two pounds of A are needed to do the job of
one pound of B) and should track price movements over time; if prices
tend to maintain a constant ratio, perfect substitution is plausible.
Finally, the analyst should be alert for anomalies in the estimation
results. For example, estimates suggesting that market demand slopes up
might be a warning that the perfect substitution model is inappropriate
to the case at hand.

If the products in question are imperfect substitutes, the ceteris
paribus demand for either of them can be estimated if there are adequate
data series on sales quantities, both products’ prices, and separate
exogenous variables from both products' supply functions. If only one
set of price data is available, the mutatis mutandis demand function can
be estimated for the product whose price series is known.

Regardless of whether the analysis deals with perfect or imperfect
substitutes, a prominent danger in regression analysis is known as the
"identification" problem. Each equilibrium price-quantity observation
in a market represents a point that is on both the demand and the supply
curve. To observe the shape of a demand curve (i.e., to "identify" it),
it is necessary to observe several different price-quantity points on
that one demand curve, which means we must observe the market over a
period when its supply curve has shifted. To estimate the demand curve
using regression analysis, we must have data on variables that account
for the supply curve shifts--at least ome such variable for each demand
curve in the overall analysis. Thus, when the analysis deals with
perfect substitutes, we need at least one supply-shift variable to
estimate the overall market demand curve, and when the analysis deals
with ceteris paribus demand curves for imperfect substitutes, we need

two (or more, if there are several substitutes) supply-shift variables.

10n the other hand, industry sources may emphasize differences
between two chemicals, yet the economist's definition may apply.



_33_

Note, however, that the mutatis mutandis method uses only one
demand curve. This means that only one supply-shift variable (i.e., a
variable that shifts supply in the primary market but not the secondary
market) is needed. This can be very helpful in situations where the
secondary-market supply curve has been stable or the secondary supply-
shift variables are not observed. In these circumstances, only the m.m.
method is feasible.

Awong the variables that shift chemical supply curves, feedstock
prices are perhaps the most obvious and easily obtained. However,
feedstock prices often move up and down together. This poseé special
problems in imperfect substitutes analysis. If the feedstock price
variables are highly collinear (i.e., they move up and down together),
they do not provide much more statistical information than a single
variable would and thus do not permit demand function identification.
In imperfect substitution cases, therefore, the analyst must seek out
supply-shift variables that not only appear pertinent to the markets
under consideration, but that also reveal distinctive supply-curve

shifts during the period under analysis.
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[11. MEASURING EFFECTS IN VERTICALLY RELATED MARKETS

Two markets are said to be vertically related when the output sold
in one of the markets is an input used to produce -the other market's
output. Vertical relationships can also extend through several markets,
beginning at the "primary” market for raw materials, moving "downstream"
through the markets for processed materials and perhaps several other
intermediate markets, and ending at the final product market(s) in which
household consumers purchase finished goods.

Controlling toxic chemicals typically involves regulating an

intermediate product. This raises two questions in welfare analysis:

. Do welfare effects in the upstream or downstream markets have
to be combined with those measured for the regulated market?
. What is the proper method for evaluating the incidence of

welfare effects on producers and consumers?

A number of studies (e.g., Wisecarver, 1974; Anderson, 1976; and
Schmalensee, 1976) provide rigorous analyses of the first question. All
of these studies demonstrate that the same measure of overall net trader
surplus effects can be obtained in any one market in the vertical
production stream, provided all the markets are competitive. 1Imn short,
combining measures from the different competitive markets would err by
double (or triple, etc.) counting the overall net trader surplus losses.
Using a special case that facilitates diagrammatic exposition, this
section illustrates the market relationships that produce this well-
established finding.

For the case in which one (or more) of the vertically related
markets is imperfectly competitive (e.g., a monopoly), Kohler (1981)
offers a similar diagrammatic analysis that will not be repeated here.
It shows that a portion of surplus loss in a monopolized final output
market (i.e., loss of monopoly rents) is not revealed by measures taken

in upstream (input) markets.
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In competitive chemicals markets, net trader surplus changes can be
assessed using whichever vertically related market is most easily
observed--but the incidence of surplus changes cannot be. For policy
evaluation purposes, a central issue is the distribution of surplus
losses between industrial firms, on the one hand, and household
consumers, on the other; in some cases, it may also be desirable to
distinguish the welfare effects on firms operating in each of the
primary and intermediate markets. As explained below, however, the
producer surplus change measured in any one market implicitly includes
the surplus changes for the participants (buyers and sellers) in all
upstream markets as well as sellers in the market under analysis;
similarly, the consumer surplus change measured in a market implicitly
includes changes for all downstream participants as well as buyers in
the market under analysis. In some circumstances, it may be possible to
infer that only household consumers will experience welfare changes in
the downstream markets, or that only raw materials owners will
experience welfare changes in the upstream market; if so, then measures
taken in the intermediate market tell much of the story of incidence.
But in other cases, measures would have to be taken in all the markets
to obtain full information about who is bearing the net trader surplus
losses measured in the market to be regulated.

It may nevertheless be analytically desirable to quantify net
trader surplus effects using intermediate market data and to supplement
those findings to estimate the incidence of welfare changes. TFor
example, there may be too few data from the final output market to
estimate demand functions there, while data may be more plentiful for
the intermediate market to be regulated. Once the trader surplus effect
has been estimated in the intermediate market, a sensitivity analysis
might then be used to estimate the final consumer losses implied by

alternative plausive values for the final product demand parameters.l

'The Rand analysis of nonaerosol fluorocarbons (Palmer et al.,
1980) used this method to infer an upper bound on consumer price effects
from potential regulation.
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Although mathematical models make it possible to manipulate
vertical market relationships to take best advantage of available data,
a graphical presentation can only illustrate a selected case. The case

used here embodies the following assumptions:

¢ All markets are competitive.

. Any input under consideration is used at a constant rate per
unit of any output under consideration.

i Any regulation under consideration adds a constant amount per
unit, T, to the cost of producing or using the regulated

product.

The last two assumptions permit us to illustrate regnlatory effects as
parallel shifts in supply curves.

In separate subsections to follow, we illustrate regulatory effects
for situations that vary in the complexity of the market relationships
and in the choice of product (input or output) to be regulated. We
begin with a case involving just two vertically related markets, one for

a primary input and the other for a fimal output.

REGULATING AN INPUT WHOSE SUPPLY |S PERFECTLY ELASTIC

Consider an output Q (e.g., urethane foam plastic) that in its
production uses a potentially toxic substance I (e.g., MDA). By
assumption, each unit of output produced requires the same amount of I.
Thus, without any loss of generality, we can define the units such that
exactly one unit of I is needed to produce onme unit of output Q. Let us
consider the case in which I is supplied perfectly elastically, and let
us suppose the constant supply price is $1.50 per unit.? The supply
curve of I is given by SIO in the upper panel of Fig. 3.1.

2For example, even though a chemical might be marketed by the
pound, we might learn that precisely two gallons are used to make a
single ocutput item. Then our analysis proceeds by setting two gallons
as the definition of a "unit" of the chemical . Accordingly, we would
identify the price of a unit by determining the expenditure necessary to
purchase two gallons of the chemical.
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The demand for an input derives from its value in producing
outpuf(s). The output market is shown in the lower panel of Fig. 3.1,
where the market demand curve is D, and the market-supply curve is SO.
To derive the input demand curve, DI, consider an increase of $1.00 in
the price of I. This would raise the cost of producing a unit of Q by
exactly $1.00, shifting the supply curve for Q up by $1.00. The new
intersection of demand and supply curves in the output market determines
the quantity of Q sold, and since I is used in fixed proportions to Q,
also gives the new quantity of I purchased by the producers of Q. (In
the figure, the price increase reduces equilibrium output from 1,500 to
1,040 units for both I and Q.) Applying this same reasoning to other
hypothetical prices for I traces out the input demand curve.

If either the output supply or cutput demand curve is less elastic,
the DI curve would be less elastic as well. In general, the slope of
the DI curve is equal to the slope of the output demand curve less the
slope of the output supply curve.

When we measure a regulation's welfare effects in each market, we
find the effects to be equal. Suppose, as illustrated, that regulation
shifts the I supply curve up by $1.00 per unit. In the output market,
consumer surplus losses are measured by area ((A) + (a)) and producer
surplus losses by ((B) + (b)). The combined area ((A) + (B)) in the
output market is geometrically equal to the correspondingly labeled area
in the input market. Similarly, the triangles representing deadweight
losses in the input and output markets, respectively, are equal in area,
because they both have the same base (equal to T = $1.00) and the same
height (1,500-1,040 units).

The reason the two geometric areas are equal is that they are
measuring the same thing. Because the input is perfectly elastic in
supply, input producers pass on the entire $1.00 per unit regulatory
cost in the form of a higher market price for I. The buyers of I also
try to pass on the regulatory cost but are not fully able to do so
because, as producers of Q, they have an upward-sloping supply curve.

In the end, a portion of the regulatory cost has been passed on to
consumers, and the rest has been absorbed by Q producers as a reduction

in their surplus. 1In other words, the input graph of Fig. 3.1 showed
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the total regulatory cost (net trader surplus loss) that was passed on,
and the output graph of the figure showed where that loss ended up.
Obviously, it would be a mistake to sum the input and output market
welfare effect measures, since that would involve counting the same
surplus loss twice.

In this example, measurement in the output market has the advantage
of distinguishing the surplus losses for consumers of Q from losses to
Q's producers (who are also I's consumers). However, if both the input
and output markets had perfectly elastic supply curves, measurement in
either market would be equally informative; in that situation, no
producer losses would occur and the full surplus loss measured in either

market would be borne solely by final consumers.

REGULATING AN OUTPUT WHOSE INPUT SUPPLY 1S PERFECTLY ELASTIC

We now turn from the situation of a regulated input to that of a
regulated output. We could suppose, for example, that I is a feedstock
used to make chemical Q which is potentially toxic. Alternatively, the
input I might be toxic but exposures to it might warrant control only
when it enters the production of Q. In either case, the policy
illustrated in Fig. 3.2 is one that raises the marginal cost of
producing Q, leaving the production cost function for I undisturbed.

In addition to showing how the two markets (for I and Q) are
affected, we aim to demonstrate that, under competitive conditions, the
decision to regulate one market or the other does not necessarily alter
the regulation's net social cost.® If we hold the regulation's marginal
cost effect (T) constant and compare the outcomes from Fig. 3.1 and Fig.
3.2, we will find that the overall trader surplus change is the same for
both the input regulation and the alternative output regulation.

Assume, then, that T in Fig. 3.2 equals T in Fig. 3.1. (Recall
that we have defined the units of I and Q so that one unit of I yields

one unit of Q; thus, there is no ambiguity in the assumption that the

*0f course, the choice of which market to regulate will often
entail a choice between different control techniques so that the cost
effect of regulation is not held constant. The point being made in the
text is that the choice among control techniques rather than among
markets is crucial to determining the magnitude and distribution of
welfare costs.
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Fig. 3.2 tax per unit of Q matches the Fig. 3.1 tax per unit of T.) The
implication is that the shift of the output supply curve (SO) remains
the same, and the lower half of Fig. 3.2 is identical to Fig. 3.1.
However, in the input market, we no longer observe a shift in the supply
curve, but rather in the demand curve. The regulation has increased the
cost of producing Q and leads to a reduction of Q--which in turn reduces
demand for I. The new demand for I is given by DI'.

The loss in trader surplus is the same as in Fig. 3.1. The
parallelogram A + B has the same area as the corresponding rectangle in
Fig. 3.1, and the triangle a + b is identical to the one in Fig. 3.1.
Even if the input demand curve were mot a straight line, the result
would still hold. The effect of the regulation on Q is to shift DI
parallel downward by T.

The correspondence between the input and output regulation effects
results from the relationship between the two markets. When the input
was regulated, I producers passed through all of the regulatory costs;
now that output is regulated instead, producers of Q pay the cost
directly but, as before, attempt to pass the cost along. And, as
before, only part of the cost can be passed on to consumers because the
Q supply curve is upward-sloping. TFinally, as the Q market contracts, Q
producers want to buy less of I (i.e., the input demand curve shifts in)
but, since I's supply is perfectly elastic, the demand shift does not
affect I's price. Once it is understood that a perfectly elastic input
supply curve passes all regulatory costs imposed on input producers
through to input users, then it is easy to see why imposing the same
costs directly on input users has the same welfare effects.

Although Fig. 3.2 portrays regulation of a different market from
Fig. 3.1, it remains true that the incidence of regulatory losses
between consumers and producers is best measured in the output market.
The choice of which market to use in measuring losses does not depend
intrinsically on which market is to be regulated, but rather on what
measures are needed and how available data can best be applied to obtain

the measures.
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The remainder of this section presents only the results for
regulations imposed on the upstream markets. Nonetheless, each
regulatory situation considered below has a counterpart for regulations

imposed downstream.

REGULATING AN INPUT WHOSE SUPPLY IS UPWARD SLOPING

We now relax the assumption that I is produced at constant costs.
In Fig. 3.3, the input supply curve in the absence of regulation (SI')
is upward sloping.. To facilitate comparisons with the previous
diagrams, we have drawn SI' so that it maintains the same preregulation
equilibrium (at price $1.50 and output 1,500) as in the preceding
figures. Correspondingly, the prerégulation eqﬁilibrium in the output
market is maintained in Fig. 3.3.

With everything else held constant, however, the new input supply
curve implies a new output supply curve, S'. To show why, we have
included the old output supply (SO) as a dashed line in Fig. 3.3. Now
when Q output is reduced from 1,500 units to 700 units, for example, the
costs of producing the output are reduced not only by the amount we
assumed in earlier figures, x, but also by an additional amount, vy,
which results from reduced costs of producing I.

The surplus losses in both markets can again be seen to be
equivalent by the same argument as before. However, the loss is larger
than in previous diagrams by the area ((C) + (c¢)), which represents
resource costs and deadweight losses that come out of input prodﬁcers'
surplus. Overall surplus losses, as before, can be measured in either
the input or the output market. The distribution of losses between
final consumers and all producers (of I as well as Q) is most readily
measured in the output market.

To distinguish between losses to Q and I producers, there are two
possible methods. One is to measure (B) + (C) + (b) + (¢) in the output
market, measure ((C) + (c)) in the input market, and subtract to obtain
((B) + (b)). The other method is to simulate what the output supply
curve would be if input prices were constant (i.e., to simulate SO), and
then conduct output market analysis, using the simulated as well as the

true supply curves to distinguish area ((B) + (b)) from ((C) + (c¢)) as
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MORE THAN TWO STAGES OF PRODUCTION

In many regulatory situations, there are more than two stages of
production. Suppose, for example, that the producer of input I
purchases his raw materials R from the suppliers of R, and sells I to
producers of Q. This situation is illustrated in Fig. 3.4, where SR' is
a perfectly elastic supply curve for raw materials, and the input supply
curve corresponding to SR' is SI'. By exactly the same arguments as in
Fig. 3.3, one can show that rotating SR' to SR" will cause SI' to rotate
to SI". As a consequence, the supply curve for Q will rotate as well,
from S' to S". Regardless of the number of markets in the chain, the
supply curves are linked together in the same manner.

In the output market, only D and S" are observed. The two
alternative supply curves, S0 (assuming perfectly elastic supplies of R
and I) and S' (assuming perfectly elastic supply of R but not I) are
included in Fig. 3.4 to show that the losses in surplus to producers of
I and R are indeed reflected in the area that is commonly associated
with "producer" surplus losses in the output market.

The relationships between any adjacent pair of vertically related
markets are determined (and analyzed) in the same way, regardless of the
number of markets in the chain. If regulation shifts or rotates a
market's supply curve, the effect flows upstream to affect the prior
market'svdemand curve and downstream to affect the subsequent market's
supply curve. If there are still other markets further upstream or
downstream, the effects pass on to them in the same manner, as Fig. 3.4
indicates. The analysis can be carried through for any number of
markets simply by taking them a pair at a time and using the methods of
Figs. 3.1, 3.2, or 3.3, as appropriate. The "producer" surplus loss
‘measured in any market will include losses to participants in all
upstream markets; the "consumer' losses in that market will include

losses to participants in all downstream markets.
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ONE [INPUT--SEVERAL OUTPUTS

In the context of chemical control policy, a situation in which a
potentially dangerous chemical is used to produce many outputs is so
commonly encountered that it deserves explicit discussion. Nonetheless,
the relevant analytical concepts are the same as those presented above.

Figure 3.5 illustrates the input market. The total input market
demand curve, DI, is the horizontal sum of the input demands derived
from the markets for outputs Q1 and QZ' (The demand for use by Q1 is

shown as DI and the demand for use by Q2 can be inferred from the

s
distance beiween DI1 and DI.) The figure also illustrates horizontal
input supply curves, SI before regulation and SI' after regulation,
though the analysis could'proceed in the previously described manner if
the supply curves were upward sloping.

We have not attempted to illustrate the output markets because
plausible assumptions yield complicated graphical relationships without
revealing any new substantive insight. The input market can be ’
illustrated in Fig. 3.5 by selecting a single unit of input measurement
(generally the unit in which the chemical is sold, such as gallons or
pounds) and specifying all the demand and supply curves in terms of that
unit. However, if the output markets differ in the input amounts they
use per unit of output--which is often the case even when each output
uses & constant amount of input per unit--our established techmnique for
drawing the corresponding output supply curves would require converting
the input units to values appropriate for each output. In practice, the
conversion would be conducted easily using a mathematical rather than a
graphical technique. It would remain true that regulation-induced
shifts in the input supply curves would cause corresponding shifts in
the output supply curves, as illustrated in the previous subsections.

Using the input market figure, regulation's effect on I's market
price--and the consequent aggregate change in welfare--is ascertained in
the usual manner. The market price change and total welfare effect are
measured by using the total market demand curve. In addition, the
separate '"consumer" welfare losses for the two downstream markets can be
distinguished by using their demand functions. In Fig. 3.5, the

combined losses to Q1 producers and consumers (who together generate the
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demand DIl) is labeled as area (1); area (2) represents the losses to Q2
producers and consumers.*

As in the previously considered situations, the total welfare loss
can alternatively be calculated using output market data. In this case,
however, the overall welfare effect is the sum of losses in all the
output markets (just as the total "consumer" loss in the input market is
the sum of areas (1) and (2)). Moreover, if the input supply curves are
not horizontal, the output supply shifts to be analyzed are not indepen-
dent; the interaction between the two output market demands must then be
analyzed to determine how the input market price will change in response
to regulation. As noted above, output market welfare analysis in the
multimarket case is most easily handled by means of a mathematically

specified model.

“When the input supply curves are horizontal as illustrated, areas
(1) and (2) together constitute the overall welfare loss.
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GENERALIZING FROM THE FOREGOING CASES

By assuming that inputs are used in constant amounts per unit of
output, we have been able to illustrate a far more general conclusion:
Total welfare effects can be measured equivalently in either input or
output markets. This conclusion results from the direct relationships
between demand and supply curves in vertically related markets. We have
shown that the conclusion applies regardless of the slopes of the
curves. It may now be intuitively obvicus that the conclusion also
applies when the curves are nonlinear and even when regulation rotates
the curves or otherwise modifies their shapes. In any case,
mathematical proofs for the more general cases are given by Anderson
(1976) and Schmalensee (1976), among others.

A crucial assumption, however, is that all the markets are
competitive. Kohler (1981), for example, shows that welfare losses
measured in a competitive upstream market do not reveal the loss in
rents to a downstream monopolist. In situations where a chemical to be
regulated is used in new or patented applications (where monopoly
conditions are likely), special consideration of welfare measurement

methods is warranted.
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Appendix A

A NUMERICAL ILLUSTRATION

This appendix uses a purely hypothetical numerical example to
illustrate how trader surplus losses are calculated. The example could
represent a single-market analysis (as in Sec. I), a horizontally
related market analysis using a mutatis mutandis demand curve (as in
Sec. 1I), or a vertically related market analysis (as in Sec. III).

The example assumes that the market demand and supply functions are
linear and that regulation would shift the supply function in parallel.
These assumptions permit the use of simple geometric formulas to compute
trader surplus changes. Integral calculus would be used to compute the
areas if the demand or supply functions were nonlinear, or if the pre-
and postregulation supply functions are not parallel.

Table A.1 defines the example's variables and presents its assumed

"implied values" shown in the exhibit

demand and supply functions. The
specify the preregulatory market equilibrium (PO, QO), the
postregulatory equilibrium (PI’ QI), and the demand and supply
intercepts (IO, Il’ I*) implied by the example's assumptions.

The demand function (assumption (A.1)) contains only one price
variable. By definition of a single-market analysis, prices other than
that of the product to be regulated do not noticeably affect demand. In
a multimarket analysis, related product prices are omitted from the
mutatis mutandis specification as indicated in Sec. II. In either case,
however, values of the product's own price (P) and of household income
(Y) are adjusted by a general price index to state values in current
dollars.

The demand function inclﬁdes an exogenous variable Y, here assumed
to be household income. Income might be used even if this is an
intermediate market (i.e., the consumers are firms rather than
households) if household income appears to be a strong predictor of
intermediate demand. Alternatively, Y might represent another exogenous

determinant of demand, such as a measure of annual weather conditions.
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Table A.1

CONDITIONS ASSUMED FOR THE NUMERICAL EXAMPLE

Definitions:

annual quantity in thousands of pounds

fo)
]

P = price per thousand pounds, current dollars

Y = average annual household income, thousands of current dollars

PO = unrequlated market equilibrium price

QO = unregulated market equilibrium quantity

Pl = regulated market equilibrium price

Q1 = regulated market equilibrium quantity

I0 = unregulated supply function price-axis intercept

I1 = regulated supply function price-axis intercept

I*¥ = inverse demand function price-axis intercept
Assumptions:

(A.1) Demand Function: Q = 100 - 4P + 1Y
(A.2) Inverse Demand Function (D): P = 25

0.25Q + 0.25Y
(A.3) Unregulated Supply Function (SO): P=5+ 0.5Q
(A.4) Regulated Supply Function (Sl): P =28+ 0.5Q

(A.5) Projected Value of Y = 16

Implied Values:

P, = $21
P, = $22
I,=$5
I,=%38
I* = $29
Q, = 32

Q1 = 28
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Whatever the definition of Y, the analyst must provide projected values
of the exogenous variable(s), for each future period under analysis. In
assumption (A.5), average household income is projected to be $16,000 in
the year for which the welfare analysis is being conducted.

The supply functions are intentionally designed to introduce a
complexity not observed in the figures presented in Sec. I. There,
regulation shifted supply enough that the postregulation supply curve
(S1 in Figs. 1.1 and 1.2) lay everywhere above the preregulation price
(PO). When this condition is absent, the consumer and producer surplus
changes become difficult to illustrate on a single graph. The condition
is not met by the supply assumptions (A.3 and A.4) in this numerical
example. Therefore, Fig. A.1 shows the example's consumer and producer
surplus effects on two separate graphs.

In the upper graph of Fig. A.1, the consumer surplus change is a
loss measured by the shaded trapezoidal area. The formula for the area

of the trapezoid is:

Area (1) = (P1 - Pg) x Q + o.5[(P1 - Py) x (Q0 - Q]

0.5(P, - Py) x (Q; +Q))- (A.6)

Using the values from Exhibit A.1, this formula produces a consumer
surplus loss of $30,000.
In the lower graph of Fig. A.1, preregulation producer surplus is

the triangular area given by the sum:
Area (2) + Area (3) = O.S(P0 - IO) X QO, (A.7)

or $256,000. Similarly, the postregulation producer surplus is:
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Fig. A.1 -- Welfare measurement for the numerical example
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Area (2) + Area (&) = 1'/2(1)1 - Il) x Qs (A.8)

or-$196,000. The producer surplus change is thus a loss of $60,000.
Using the preceding results, the net trader surplus change ié the
sum of the consumer and producer surplus losses, or $90,000. This same
result can be obtained directly from computing the area bounded by the
two supply curves, the demand curve, and the price axis.}
The net trader surplus loss computed at this point pertains to a
single year. To calculate losses over a longer period, it would be

necessary to repeat the calculations for several years, discount, and

sum to obtain the present value of long-term losses.

1By inspection of Fig. A.1l, it should be clear that this area is
equal to Area (1) - Area (4) + Area (3).
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Appendix B

ISSUES IN DEMAND ESTIMATION

Section II identified alternative conceptual methods for evaluating
a regulation's trader surplus effects in situations where a chemical to
be regulated has perfect or imperfect substitutes, or complements. To
use any of these methods for quantitative estimation, it is necessary to
estimate market demand and supply parameters. This appendix discusses
regression analysis--used alone or in combination with engineering cost
estimation--as a means of obtaining the requisite parameter estimates.

The objective of this appendix is not to survey basic econometrics
(which is readily available in Walters (1968), Kmenta (1971), Johnston
(1972), Christ (1966), Goldberger (1968), and other sources), but to
identify and evaluate some methodological issues commonly raised by
regression analysis of existing chemicals data. For this reason, we pay

particular attention to issues raised by flaws in available data.

ESTIMATION IN THE PERFECT SUBSTITUTES CASE

To explore estimation issues in the perfect substitutes case, we
will "walk through" a hypothetical example: We are attempting to
estimate the trader surplus effects from regulating chemical A. But
chemical A is relatively new to the industry and so very little data on
its market are readily available. On the other hand, we have a fairly
good times series (perhaps twenty observations on quarterly prices and
sales) on a substitute, B, which has been described by its customers as
serving the same purpose as A and being a common alternative to it.
Perhaps A and B are chemicals used to produce other products, and we
have observed directly that the final products made from the two
chemicals are virtually indistinguishable from each other; in fact, the
final products sell for the same market prices and are sold to the same

group(s) of consumers.
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Let us also suppose that we have obtained detailed engineering data
from the producers of A and B and have used the data to generate
simulated market supply curves for the two chemicals. These engineering-
based supply curves are not necessarily the long-run supply functions
that would be used to quantify welfare effects. Instead, the
engineering data may describe the short-run behavior that accounted for
market prices and quantities during a recent period. If that is the
case, the demand curve to be estimated for that period may also reflect
short-run behavior by the chemicals' users. Before using the demand and
supply functions to measure welfare effects, it may be necessary to
adjust the functions to simulate their forms when entry and exit occur
in the long run.

For example, suppose we have engineering cost data on most of the
plants that produce the chemical. If we find that the cost structures
are quite similar among the plants, then we might suppose that long-
run supply curves are perfectly elastic--output can expand or contract
by adding or removing plants without much effect on market prices. To
find the long-run supply price in each market, we would calculate the
average production costs--including a reasonable rate of return on
capital--for plants operating at their most efficient scale. This would
8ive us the information needed to specify the chemical's long-run
supply.

Of course, in an actual analysis, considerably more effort may be
needed to discern the long-run supply curve. The procedures for
adapting engineering data to these purposes are not codified, and
further development of the techniques is probably warranted. For
present purposes, however, we will assume that the long-run supply
functions have been properly discovered.

If the chemicals are intermediate products and we have data on
final product demand, engineering data from the users of A and B could,
in principle, be used to help simulate the chemicals' derived demand
curves, providing all the parameter estimates needed to begin the
welfare analysis. However, perhaps we are unable to obtain adequate
engineering data from users--there are too many of them to survey, they

are uncooperative with our survey efforts, or for some reason we are
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sceptical about the quality of the engineering data they provide. The
question, then, is whether we can use the B market data to estimate
demand parameters for chemical A.

We shall soon see that demand parameters can be estimated for
chemical A if the two chemicals are in fact very close (essentially
perfect) substitutes. The first step, though, is to assess whether the
perfect substitute model seems applicable, given the market data at our
disposal.

From Sec. IT, we know that market prices for perfect substitutes
should be virtually identical. However, let us suppose that our
comparison of A and B prices for a recent year reveals that the price
per pound of A was twice that of B. This finding should immediately
raise some questions about the relationship between the A and B markets.
The difference in price might suggest that they are actually imperfect
substitutes for one another (despite comments to the contrary by the
chemicals' producers or users); that case is considered later in this
appendix. However, if A and B are nearly perfect substitutes, their
price differences must be explained in another way.

The price differential could be explained by differences in the
weights of functionally equivalent amounts of A and B. That is, even
though the two chemicals differ in prices per pound, they may be equal
in price per functionally equivalent unit. In particular, if production
required nedrly two pounds of B to perform the same function as one
pound of A, then users could be indifferent between them whenever the A
price per pound is about twice that of B.

If this hypothesis about functionmal equivalence is correct, then
prices of A and B should maintain their ratio (0.5 to 1) over time.
This could be tested empirically if there are enough A and B price
observations for common years, but we shall continue this illustration
By assuming that such comparable data are unavailable and that we must
proceed on the speculation that functional equivalence exists. As will
be seen shortly, the regression evidence itself may provide some clues
about the hypothesis' credibility.

For this illustration, our basic model of the A/B market is linear.
Assuming that the two products are perfect substitutes, the overall

market demand curve is:
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Demand: Q = @y + alP + azY, (B.1)
where Goys s and o, are parameters to be estimated, Q is the combined
number of functional units to be purchased, P is the market price per
functional unit, and Y is some variable that shifts demand.

If the analysis dealt with a final consumer product, Y might
represent income, or some other exogenous variable that affects the
amount of the product that would be purchased at any price. Since A and
B are assumed to be intermediate products, sales of the final product in
which they are used would be a relevant shift variable, provided that A
and B costs are not so important to the final product's price that final
product sales should be considered endogenous. For our illustration, we
assume there is some appropriate Y variable.

The functional equivalence assumption is embodied in the

relétionship:
= + .
Q Qb ZQa, (B.2)

where Qb is the number of pounds of B and Qa is the number of pounds of
A. (This specification measures functional units in B-equivalent
pounds, so that one pound of A yields two functional units; the entire
model could be respecified in A-equivalent pounds if desired.) Given
the specification of (B.2), the market price is the price per pound of B
or the price per half-pound of A.

The model also has two supply curves.

A Supply: Q BO + BlPa + BZX’ (B.3)

a

B Supply: Qb XO + Xle + xzz, (B.4)

where X and Z are the supply curves' shift variables, Pa and Pb are
prices per pound of A and B, and our model assumes that in equilibrium,
P = Pb = Pa/Z. Using this assumption and Eq. (B.2), the total market

supply curve is:
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Market Supply: Q = (XO + 280) + (Xl + 451)P + ZBZX + XZZ. (B.5)

Given the equilibrium condition that market quantity demanded must equal
market quantity supplied, Eqs. (B.1) and (B.5) simultaneously determine
the equilibrium P for any given values of the exogenous variables Y, X,
and Z.

Given adequate data, any of several techniques could be used to
estimate the model's parameters. As noted above, engineering and cost
data for A, B, and their downstream uses would allow us to calculate
simulated values for all the demand and supply parameters.
Alternatively, if we had market-level observations on all the variables,
we could use econometric techniques. Or we could combine the
engineering and econometric techniques. For this illustration, we have
assumed that the A and B supply parameters have already been determined
by the engineering approach and that the demand parameters are to be
estimated econometrically.

The econometric model would include stochastic error terms in all
of the model's equations, and the choice of statistical technique would
require those error terms to meet specific conditions. Assuming the
appropriate conditions are met, a standard technique would use Two-Stage
Least Squares for the demand curve estimation. In the first stage, P
would be regressed on all of the model's exogenous variables (Y, X, and
Z) and the resulting linear equation would be used to obtain a predicted
value of P for each observation in the data sample. In the second
stage, the predicted‘values of P would replace tHe corresponding
observed values in an Ordinary Least Squares Regression to estimate the
parameters of the demand curvée (Eq. (B.1)). These results, together
with those from the supply curve analyses and an evaluation of how
regulation would affect the A supply curve, would provide all the
information needed to calculate the regulation’'s net trader surplus
effects.

Under the circumstances at hand, however, we have only a few
observations on A. Consequently, we do not have enough observations on
Q to perform the described estimation. However, we do have several

observations on quantities and prices for B.
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The model indicates that the quantity of B demanded at a given
price is determined by the total market demand at that price minus the

portion of demand satisfied by A sales. Thus,
Qb Demand: Qb = (ao - 260) + (al - ABl)Pb + azY - 2BZX' (B.6)

The TSLS method can also be used to estimate the coefficients of
Eq. (B.6).%} Although the resulting coefficient estimates will be linear
combinations of the model's parameters, the engineering analysis (by
assumption) provides values of BO and Bl that permit us to calculate the
critical demand parameters, % and o .

The empirical results we obtain should fulfill certain parametric
conditions on which the model is based. We expect quantitics demanded
to fall when market price rises (holding Y and other demand variables
constant)--so we expect o > 0 and @, < 0. We know that both chemicals
have been sold in this market, so both supply curves cut the demand

curve from below--implying that BO < a, and KO < o If both chemicals

are to survive in the market over the ?ong run (seg Sec. II), both
supply curves must slope up, so Bl, Xl > 0. 1If all these conditions are
met for the estimation results, we would have no reason to question the
perfect substitution model's applicability.

However, suppose that the demand estimation yields:

Qb = 210 - 156 Pb + 18Y (B.7)
where Qb is measured in millions of pounds and Pb is in dollars per

pound. From Eqs. (B.6) and (B.7), we infer that ao. - 481 = -156. Also,

suppose our analysis of A supply shows that a prici change of $1.00
changes supply of A by about 100 million pounds, which suggests that 61
in Eq. (B.3) is approximately equal to 100. In short, when we interpret
Eq. (B.7) in the light of the perfect substitution model, the results
éuggest that the price coefficient of the overall A/B market demand

curve is about 244.

'If the estimation model's stochastic terms meet the conditions
necessary for the full demand estimation, an estimating equation based
on Eq. (B.6) also meets the conditions.
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Since demand should decline when price increases, the positive
price coefficient estimate is a warning that something is wrong with
either the conceptual model or the estimation method.

If the problem lies in the estimation, a likely cause is omitted
variables bias. This problem is described in many standard econometrics
texts, and is examined in detail by Goldberger (1968). 1In the general

case, the properly specified estimating equation is:
y = 60 + Glxl + 52x2 + g, . (B.8)

but the equation actually estimated is:

<
Il

do + dlxl + u. : (B.9)
It can be shown that:

d, = 61 + 6,0 (B.10)

2712°
where Wiy is the coefficient of Xy from a regression of X, on Xx,. If X

is nonzero, and the estimate of d, will

and x, are correlated, then wlZ 1

be a biased estimate of 61.

In estimating Eq. (B.6), two types of omissions may occur. One is
omission of demand-shift variables (Y). If some exogenous variables
caused market demand to shift during the observed period, observed
quantities and prices would represent different points on the B supply
curve; this could account for a positive estimate of a price
coefficient, but does not account for the problem in Eq. (B.7) since
that included variable Y. But the second type of omission may be at
fault: omission of the A supply-shift variable(s), X.

Figure B.1l portrays the problem graphically. TFor illustrative
purposes, the figure shows a stable demand curve, D, and a stable B
supply curve, Sb’ but illustrates a total supply curve that shifts from

0 1

5" to S to 32 due to shifts in the A supply curve. The corresponding

1

. 0 ; L
market prices are P, P", and P2, whereas the corresponding quantities

of B are indicated along the horizontal axis by the amounts labeled Qbo,
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product’s supply curve shifts

ot = m e W e e
b = o et .- - .-

| (uantity

1. 42 2 { o
a>0ka’ 0°c 0' « 0
bbb
Fig. B.1 -- Quantity adjustment when a substitute product's

supply curve shifts

le, and sz. Observe that higher prices are associated with larger
quantities of B. That is, even though the market quantity demanded
falls when market price rises, sales of B increase because of the
reduced availability of A. However, if variables that cause the A
supply shifts are omitted from the regression analysis, the results
would make it appear as though the increased sales of B are due to
increases in the market quantity demanded as market price rises.

As explained below, this type of omitted variables bias can also
arise in estimation based on an imperfect substitution model (or, for
that matter, in cases involving complementary products). In short, if
the supply curve of a related product shifted during the period under
analysis, variables to control for those shifts should be included in

econometric analysis of a product"s demand function.
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However, even if the analysis controls for A supply shifts,
incorrect results can be obtained if the basic model is misspecified.
An alternative model that might be more appropriate is one that assumes
only imperfect substitutability between A and B. We now turn to that

method of analysis.

ESTIMATION IN THE CASE OF IMPERFECT SUBSTITUTES

The following demand specification is familiar in econometric

analysis:

Qd =a, +a.P+ap+ ¥+ sd (B.11)

0 1 2 3 ’ -
where
d .

Q" = quantity demanded

P = market price

p = price of a related good

Y = income

a stochastic error term,

)
il

and the remaining Greek letters represent coefficients to be estimated.?

In most cases, the analyst postulates that the coefficients EN and‘a3

are positive, a, is negative, and «, is positive when the related good

is a substitutel(or negative for a iomplement).

Under certain circumstances, Eq. (B.11) can be estimated directly
using Ordinary Least-Squares Regression. For example, it may be
reasonable to assume that each observed consumer can purchase any
desired amount of the good without affecting the market price (i.e., P
and p are predetermined). With a properly specified model and all

explanatory variables predetermined, the OLS method is appropriate.

It is common to replace the variables in Eq. (B.11) by their
logarithms to yield a constant-elasticity function. The equation may
also be expanded to include other explanatory variables. The linear
specification is used here to simplify notation and exposition.



- 63 -

Similarly, supply functions might be estimated using OLS with data
on individual firms or plants. Alternatively, engineering cost data
might be used to simulate individual firms' supply curves. When
available, data on individual market participants greatly facilitate
demand and supply estimation.

In many cases, however, the analyst has only market-level data.
Each quantity observation is then an observation of the market
equilibrium quantity, which varies in concert with market prices (i.e.,
P and perhaps p are not predetermined). The straightforward OLS
regression method is not appropriate for estimating market-level demand
or supply equations.

In the remainder of this section, we assume only market-level data
are available. The proper empirical method for demand and supply
estimation then derives from a full structural model as described below.

Equation (B.11) belongs to a system of equations describing the

full two-market model. A general version of the rest of the model is:

s _ s
Q ‘“BO+61P+32Z+E s (B.12)
d _ d
q = a, + ap + azP + a3Y + e, (B.13)
and
s _ s
q = b0 + blp + b2z + e, (B.14)

where Eq. (B.12) is primary-market supply (as a function of P and some
other variable (z) such as an input price); analogously, Eqs. (B.13) and
(B.14) are secondary-market demand and supply functions.?® Equilibrium
in each market implies that Qd = QS and qd = qs, so the superscripts on

Q and q are superfluous.

3To simplify the analysis here, we assume the error terms in the
four equations are mutually independent.
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Estimating the Ceteris Paribus Demand Curve(s)

According to the ceteris paribus methodology, the analytical
objective is to estimate all the coefficients in the model. Then, given
the preintervention market prices and an assessment of how intervention
would shift the primary-market supply curve, the empirical model would
indicate the postintervention equilibrium prices. From that
information, it is possible to compute all the welfare effect component
areas from Figs. 2.6 and 2.7.

A basic method for estimating all the coefficients is Two-Stage
Least-Squares.® The procedure's first stage entails an OLS regression
of each of the model's endogenous explanatory variables (P and p) on all
of the model's exogenous variables (z, Z, and Y). The results of the
first-stage estimafion are then used to obtain predicted values (P and
p) of the endogenous explanatory variables. Finally, the predicted
values replace the observed values in second-stage estimation of each of
the model's structural equations.

Visualize what could happen if we attempted to estimate Eq. (B.13)
without using Two-Stage Least-Squares. The equation indicates that the
demand curve shifts as income (Y) changes. For each value of Y, we
would observe a market equilibrium point (a price-quantity combination)
that lies on both the demand curve and the supply curve (Eq. (B.12)).

As the demand curve shifts, we would observe points on different demand
curves but (so long as Z is constant) all the points would lie on the
supply curve. Thus, OLS estimation would trace out points along the
sﬁpply curve instead of points along the demand curve we are trying to
estimate. (Or, with both Y and Z varying, we might not discern any
relationship between Q and P.) 1In heuristic terms, the Two-Stage
approach forces the regression to "recognize" shifts in each of the
model's demand and supply curves due to changes in the z, Z, and Y

values.

“An alternative available for equation systems that are just
identified is the instrumental variables technique. The Two-Stage
Least-Squares method is used in the text, since it is more generally
applicable and most clearly portrays the potential identification
problem.
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The Two-Stage approach is no panacea, however. To see why not,
suppose we have a sample of data in which z and Z are constant (i.e.,
neither of the market supply curves shift). Then, in the first-stage
analysis, both p and P will be predicted as linear functions of Y alone.
When the predicted values replace p and P in Eq. (B.11)--or, for that
matter, in Eq. (B.13)--the predictions will be perfectly collinear with
the variable Y. The second-stage demand regressions will be unable to
yield separate coefficients for P, p, and Y. To solve the
"identification problem,” there must be additional first-stage
explanatory variables that do not also appear as explanatory variables
in each second-stage regression.

A full treatment of identification conditions is beyond the scope
of this Note and can be found in advanced ecomometrics texts.® It is
sufficient for our purposes to note that, in a four-equation model like
Egs. (B.11)-(B.14), any equation that does not omit at least three of
the model's variables cannot be identified. In the general model
specified above, Eq. (B.11) may be identified because it omits three
variables (q, Z, and z); similarly, each of the other equations omits
three variables and may thus be identified.®

However, if the two supply curves do not shift independently (orxr if
independent shifts are unobserved in available data), it becomes
impossible to separate the demand effects of the two market price
variables, p and P. That is, if Z is constant. or z is constant--or if z
and Z represent the same variable--then Egs. (B.11) and (B.13) would
each omit only two variables and hence neither would be fully
identified. Without good estimates of the two prices' coefficients, the
ceteris paribus demand curves cannot be used for welfare analysis.

The mutatis mutandis method may still provide a feasible option,
provided the primary-market supply curve shifts. That is, if z is
constant but Z varies, we can estimate mutatis mutandis parameters for
the primary market and proceed to calculate net trader surplus changes,

as explained below.

5Carl Christ (1966) provides a precise treatment, and includes a
related market model as an example on p. 320.

$The condition described in the text is necessary but not
sufficient for identification. See Christ (1966).
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Estimating the Primary-Market #.¥%. Demand Function

In the primary market, the mutatis mutandis demand curve is derived
from Eq. (B.11) and the relationship between equilibrium prices in the
two markets. Using the secondary-market functions (Egqs. (B.13) and

(B.14)), we find that the price relationship is:

b, - a a b a s d
pr 22— y+S (B.15)
& S S | 17 "1 17" NS |
Noting that none of the parameters of Eq. (B.15) are primary-market
parameters, we can substitute a simpler notation to obtain:
p= AO + A1P + AZZ + e, (B.16)

where each of the A parameters corresponds to a coefficient in Eq.
(B.15) and e represents the final term in Eq. (B.15). If z is a

constant, z then the constant term in Eq. (B.16) beccmes (A0 + AZZO

>
and p varieg with P alone. While this causes an identification problem
that precludes ceteris paribus estimation, it does not preclude mutatis
mutandis analysis.

The primary-market mutatis mutandis demand curve is obtained by
substituting Eq. (B.16) in Eq. (B.11). With z = 20,7 the new demand
specification is:

d 1

Q =« ot a'lP + oY+ (sd)', , (B.17)

where:

@y T % T ahy t oAz,

’0f course, an m.m. demand specification can be estimated even if z
varies. However, the analyst then has the option of conducting a full
c.p. analysis and may wish to do so to obtain more complete welfare
effect information.
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@y = aghan,

(e) =g + a_.e.

The mutatis mutandis model subsumes the secondary-market equilibrium as
part of the demand specification. The related market model is now
expressed by just two simultaneous equations--the demand function (Eq.
(B.17) and the primary-market supply function (Eq. (B.12)). Each of
these equations may be identified if it omits just one of the model's
variables. The demand function omits Z, and the supply function omits
Y, so the mutatis mutandis model may be identified even though the four-
equation ceteris paribus model was not.

Though Eq. (B.17) may be identified, its estimation will not yield
all the original model's parameters. Using Two-Stage Least-Squares, the
analyst estimates the single price coefficient, a'l, but not the two
separate price coefficients, oy and o, - Information needed for a
complete welfare analysis is unavailable. Still, the net trader surplus
effect can be measured, and sensitivity analysis can be used to explore
possible ranges for the welfare effect components that are unobserved.

Analysts actually implement the mutatis mutandis technique more
commonly than might be supposed. In practice, the analyst may attempt
to implement the ceteris paribus approach, only to find that the two
price variables are so highly collinear that statistically significant
estimates cannot be obtained for the price coefficients. Accordingly,
one of the price variables is then omitted from each demandrequation.
Though the analyst may not state explicitly that the wmutatis wmutandis
approach has resulted from this procedure, that is an implicit fact.

The difficulty imposed by the failure to recognize the mutatis
mutandis method explicitly is that the analyst might incorrectly measure
the welfare effects or might interpret them incorrectly. For example,
the analyst might suggest that the resulting measure of the net trader
surplus effect is incomplete because effects in the secondafy market
"could not be estimated using available data." However, we have seen
that a properly implemented mutatis mutandis method automatically

accounts for net trader surplus changes in both markets.
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The mutatis mutandis approach does not solve all identification
problems. If there is no exogenous demand shift variable (such as Y),
the primary supply curve cannot be identified. Similarly, if the
primary supply curve does not shift--or if all of its shift wvariables
also shift the secondary supply curve--the primary-market mutatis
mutandis demand function cannot be identified.?

However, the mutstis mutandis approach does offer some leeway for
measurement when the full related market model is not identified. The
mutatis mutandis method yields less information; it permits measures
only of the net trader surplué effect.?® Yet the mutatis mutandis method
also requires less information, and may be a feasible alternative to
ceteris paribus analysis when data on secondary markets are extremely

limited.

!1f z varies while Z is constant, the secondary-market mutatis
mutandis model might be estimated. However, the information would be
useful only in the context of a simulation methodology, since the
econometric estimates would be inadequate to determine how intervention
would affect the primary-market price.

*However, a sensitivity analysis may yield some reasonable ranges
for the unobserved welfare effect components. The procedure involves
setting plausible ranges for the secondary demand coefficients in Eq.
(B.13), using these to solve for corresponding ranges of A_, A and A2

0’ "1’
in Eq. (B.16), and finally placing these values in Eq. (B.7) to solve
for separate values of oy and a,- From there, the analysis proceeds as

though the c.p. demand curve had been estimated directly.
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