V940002

FEDERAL COMMONICATIONS commrssT@MMISSION AUTHORIZED

Washington, D.C. 20554

In the Matter of

Policy and Rules Concerning CC Docket No. 79-252
Rates for Competitive Common
Carrier Services and Facilities
Authorizations Therefor

Nt Nt nst? N st Smet?

Comments of the Staff of the
Bureau of Economics of the
Federal Trade Commission

On October 25, 1993, the staff of the Bureau of Economics
filed the attached analysis with the Federal Communications
Commission in CC Docket No. 93-197, In the matter of Revisions to
Price Cap Rules for AT&T. This analysis, conducted by Michael
Ward of the FTC's Bureau of Economics, assesses empirically the
existence of market power in the long distance telecommunications

industry. )

In a separate matter, the FCC released on October 13, 1993,
a Public Notice inviting interested parties to file comments on a
motion filed by AT&T requesting that the Federal Communications
Commission reclassify AT&T as a nondominant common carrier, CC
Docket 79-252. This letter submits formally the staff analysis
filed previously to CC Docket No. 93-197 to CC Docket No. 79-252.
We believe that this analysis addresses issues that may be
relevant to the latter docket. Any questions on this analysis
should be directed to Michael Ward at 202-326-2096 or to Timothy
Daniel, Assistant Director, Division of Economic Policy Analysis,

at 202-326-3520.

Respectfull mitted,

A

Ronalé S. Bond

Acting Director

Bureau of Economics
Federal Trade Commission



Market Power in Long Distance Telecommunications’

Michael R. Ward

Economist, Federal Trade Commission

September 16, 1993

ABSTRACT: AT&T's long distance prices are regulated in order to avoid supra-
competitive pricing. This rationale presumes that AT&T possesses sufficient market
power to raise prices substantially above marginal cost. This paper estimates firm
specific demand elasticities for AT&T and the other large long distance companies using
monthly data for 1988 through 1991 from five states. Lerner indices are calculated from
these elasticities and interpreted as price markups over marginal costs. An upper bound
for the price markup for AT&T is estimated to be 18.6% of price, which implies a
potential deadweight loss of less than 1.26% of current long distance revenue. This is
likely to overestimate the current deadweight loss because competition has subsequently

increased.
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I Introduction

Price reguiation is desirable only when its benefits outweigh its costs. These benefits include the
increase in consumer welfare and economic efficiency from reducing supra-competitive prices, while the
costs include direct administration costs as well as reductions in productivity arising from disincentives
directly caused by the regulation. For the telecommunications industry, there is growing evidence that
regulatiori has led to substantial productivity losses (Mathios and Rogers (1989,1990), Kaestner and Kahn
(1990), Olley and Pakes (1992), Crandall (1991), Kwoka (1993), Ying and Shin (1993)). While most
experts agree that competition has ‘~creased in the long distance market, AT&T’s prices are still
regulated. The evidence on the extent of residual market power in the industry is still unclear. Some
studies examining the structure (Egan and Waverman (1991)) and pricing behavior (Levin (1991)) of the
long distance telecommunications industry conclude that competition already exists. Others interpret the
structural evidence differently (Selwyn, Cornell, Taschdjian and Woodbury (1991)), or conclude tnat full
implementation of fiber optic technology will render the industry a natural oligopoly that will support
supra-competitive prices (Huber, Kellogg, and Thorne (1993)). This paper attempts to measure the
degree of market power in the small business and residential market for long distance telecommunications
by estimating the degree of substitutability between AT&T"s and its rivals’ service.

Before the 1984 divestiture, AT&T was thought to exert rﬁarket power in two different ways.
First, it was feared that AT&T-controlled monopolies in local telephone service would subsidize otherwise
competitive long distance service, or that AT&T would discriminate against rival long distance carriers
by providing inferior access to end users (Brennan (1987)). Second, it was feared that AT&T would
wield market power in the long distance market directly by charging supra-competitive prices. The first
threat did not materialize, as evidence strongly suggested that the subsidy flowed from the more

competitive long distance markets to the reguiated monopoly local service markets (Temin and Peters



(1985a, 1985b). Kaserman, Mayo and Flynn (1990), Shin (1993)). Nevertheless. AT&T’s divesture of
its local service operations in 1984 was explicitly designed to remedy the subsidy and discrimination
complaints (Brennan (1987)). As a result, it would seem that if the long distance industry couid be shown
to be sufficiently competitive, there would be no compelling economic arguments for continued price
regulation of AT&T's long distance service.

This paper measures the degree of competition in the long distance telecommunications market
primarily through estimates of firm-specific demand elasticities. This demand elasticity indicates the
extent of a firm'’s loss in quantity demanded due to unilaterally raising prices - that is, the extent of the
firm’s market power (Landes and Posner (1981)). The reciprocal of the own-price elasticity, the Lerner
index, provides an estimate of the percentage price markup over marginal cost for an unconstrained,
profit maximizing firm. The applicability of the Lerner index to AT&T is discussed below. Finally,
estimates of this price-cost margin provide the basis for measuring the potential deadweight loss from
supra-competitive pricing.

The paper’s general conclusions are as follows. The estimate of AT&T’s short-run own-price
elasticity is -2.9, implying a short-run AT&T Lerner index of 0.337. Adjusting this index with an
estimate of the bias due to the use of a short-run, rather than long-run, elasticity estimate implies that
AT&T’s price markup over long-run marginal cost is less than 18.6% of price. At this upper-bound
value, the potential deadweight loss from supra-competitive pricing was less than 1.26% of total revenues
for the 1988 to 1991 time period. Because the market likely has become even more competitive since
the period analyzed in this study, this estimate is likely to overstate the current loss. For example,
adjusting for AT&T’s subsequent fall in market share decreases the upper-bound potential deadweight loss
estimate to 0.71 % of revenues. These estimates of deadweight loss are substantially less than estimates

of the efficiency gains due to past deregulatory actions.



II. The Long Distance Telecommunications Market

The FCC’s Specialized Common Carrier decision in 1971 opened up the long distance market
to competition. AT&T's tough posture toward its new competitors led to many private antitrust lawsuits,
and culminated in the Justice Department’s massive antitrust suit. The 1982 settlement of this suit
provided for the 1984 divestiture of AT&T’s long distance operations from newly created regional local
telephone companies. As part of the settiement, the divested local telephone companies were obligated
to install switching equipment that allowed for "equal access” by any long distance company. This
allowed AT&T’s competitors to introduce services that were comparable to AT&T’s. While AT&T's
share of the long distance market's revenues in 1982 was 95%, by 1987 its market share had fallen to
80%, and it is currently about 60% (Kwoka (1993), Statistics of Communications Common Carriers
(1992)). By 1991, MCI’s and Sprint’s revenue market shares had climbed to 17% and 10% respectively,
and the two next largest firms, WilTel and Cable & Wireless, had market shares of somewhat less than
1% each. Since the divestiture, industry output, measured in the number of calling minutes, has nearly
tripled. Even though AT&T's share has declined to 60%, its output has increased by two-thirds over
1984 levelis.

A long distance company operates a communications network that connects local telephone
exchanges (hence, it is often called an Interexchange Carrier, or "iXC"). A long distance company’s
network terminates in different local telephone companies’ jurisdictions. The local telephone companies,
such as the regional Bell Operating Companies and GTE, transport telephone calls between the customers’
premises and the long distance network. These services are called "carrier access," and they currently
represent nearly 40% of all long distance costs. Because these carrier access costs play an important role

in the empirical analysis carried out below, it is worthwhile to describe them in some detail.



A. Carrier Access

Almost ail carrier access rates are regulated by the F(  or state regulatory commissions. For
standard toll service, long distance companies purchase "switched access” from local telephone
companies. Switched access prices are divided into three main components: carrier common line, !ocal
switching, and local transport. Carrier common line charges are levied to cover that portion of the tocal
telephone distribution plant assigned to the long distance companies for capital recovery. Local switching
charges are levied because a long distance telephone call must be switched through the local network, thus
tying up switching capacity that has alternative uses. Local transport charges are levied as a rental of the
line between the long distance network and the relevant local switch. All three of these charges are levied
per minute of use at each end of the telephone call using switched access.

The carrier common line charge is levied specifically to defray the costs of the local telephone
distribution plant, and not the costs of completing long distance calls (hence, it is sometimes called the
"non-traffic sensitive” charge), and has a long and tortured history. Half a century ago, the courts ruled
that, because AT&T’s long distance service used local exchange network loops, a portion of the cost of
these local network loops should be recovered through long distance rates. The portion of the local loop
assigned to long distance service steadily grew to 27% in 1982 with little relation to underlying economic
costs.! The FCC’s 1983 Access Charge Plan formalized this cost assignment as the carrier common line
charge, which was to be levied as a per minute charge despite its fixed cost nature. At first, the non-
AT&T long distance companies (collectively known as the Other Common Carriers or OCCs) had inferior
connections to the local telephone companies (for example, customers were required to dial extra digits
to reach the long distance company). This sort of access is called "non-premium access” and its

associated carrier common line charge was set at 45% of the premium charge paid by AT&T. The FCC

'Originally the proportion of the local network loop costs assigned to long distance operations was
the fraction of calls going over long distances. In the early 1950s, this was less than 3%, by 1982 it was
8.3% and in 1991 it was 14.4%.



has since required the local telephone companies to install equipment to provide equal access to any long
distance company asking for it. Equal access equipment is now in place for nearly all (91%) long
distance company customers, and non-premium service accounts for only 3% of OCC service. A
subscriber common line charge of $3.50 per month for each residential line and $6.00 per month for each
business line was phased in between 1985 and 1991; this new charge gradually replaced most of the
carrier common line charge revenues. The reduction in the carrier common line charge, which has fallen
to about one-sixth its 1984 level (total switched access prices fell about 60%), accounts for much of the
price reductions in long distance service (Taylor (1991)).

Local switching and transport s~rvices are together called "traffic sensitive services" because their
costs depend on the volume of traffic. For both of these services, there are many different rate elements
that make the price dependent on various switching services and the distance of the transport. In general,
however, the rates for these services have declined only slightly since divestiture. These rates are
generally believed to be considerably above the services' marginal costs. Cost studies have put
incremental costs (Mitchell (1990)) and long-run marginal costs (Shin (1993)) of switched access at one-
tenth to one-third of the switched access rate.

Long distance companies also purchase a different form of carrier access, special access, from
local telephone companies. Special access lines are not switched by the local telephone company and are
leased by the month at rates corresponding to their capacity and distance. Actual usage is not metered.
For a sufficient volume of traffic, special access can represent significant cost savings over switched
access. Special access competes with third party, or facility bypass, access provision. Long distance
companies use special access to connect directly to end users with high volumes of traffic or nonstandard
technical requirements and to connect different long distance nodes within a metropolitan area as a

substitute for the local transport portion of switched access.



Long distance company carrier access costs per minute differ due to differences in the mix of
carrier access services that the companies purchase. First, different local telephone companies can have
different prices, and the smaller, more rural local telephone companies tend to have higher prices. Long
distance companies that carry a disproportionate share of the calls originating or terminating with these
local telephone companies will tend to have higher carrier access costs. Second, the amount of local
transport purchased for a typical call can differ across long distance companies. As a long distance
company serves more urban customers, who tend to be closer to its local network connection, or adds
more local network connections, its average local transport distance and corresponding charge per minute
tend to fall. Third, switched access costs will depend on the amount of lower priced, non-premium
access purchased by a long distance company; however, this cost difference is becoming negligible due

to declines both in non-premium usage and the carrier common line charge.

B. Regularion of Telecommunications

States regulate prices for intrastate services (local services, intrastate carrier access and intrastate
long distance), and the FCC regulates interstate services (interstate carrier access and interstate long
distance). While the FCC regulates AT&T prices directly, the OCCs and the third party-access providers
are not regulated directly, although the OCCs file prices with the state PUCs and the FCC similar to tariff
filings of regulated firms.

Price-caps are increasingly replacing rate-of-return as the form of regulation in the
telecommunications industry. Generally, price-cap regulation allows the regulated firm to charge any
price below a regulated price-cap that is periodically adjusted to reflect changes in exogenous cost factors
(Liston (1993)). The FCC decided to move to price-cap regulation for AT&T in May 1989. Federal
price-cap regulation of local telephone companies’ interstate access rates was implemented in January

1991. While price-cap regulation of local telephone companies has also been introduced by various



PUCs, these mechanisms typically contain explicit profit "sharing"” provisions if the actual rate-of-return
exceeds a predetermined limit (Braeutigam and Panzer (1993)). Profit sharing mechanisms could also
be implicit in the FCC form of price-cap regulation. In fact, high profits due to the increased efficiency
of British Telecom under price-cap regulation in the U.K. and prices below the price-cap led to a revision
of the price-cap formula toward a more binding cap (Kwoka (1993)).

The specific form of price-cap regulation adopted for AT&T divided services into three "baskets"
depending on the perceived level of competition in the service. "Basket 1" includes residential and small
business services, international services and operator assisted and calling card services; "Basket 2" is
limited to 800 number services; and "Basket 3" contains all remaining services, principally those offered
to large businesses. Each basket has its own price-cap, and sometimes a floor, that increases with
inflation and decreases with a productivity factor and "exogenous" changes in costs, mainly carrier access
charges. As services have been shown to be competitive, they have been removed from price-cap
regulation. In October 1991, the FCC permitted contract carriage for AT&T’s offerings to large business
customers. However, AT&T must publish a summary of the contract and offer the same price to
similarly situated customers (Griboff (1992)). Similarly, almost all 800 services were removed from
Basket 2 in May 1993 with the introduction of 800 number portability.? This study uses prices from

Basket 1, thought to be less competitive than the other baskets.

2800 number portability allows a customer to keep its 800 telephone number when it changes long
distance companies. Since companies make investments specific to a telephone number
(e.g.,advertisements, printed material), switching costs arise if the number must be forfeited. See also

Kaserman and Mayo (1991).



III. Empirical Methodology

This study attempts to measure the degree of market power as the difference between price and
marginal cost. In theory, a profit maximizing firm not facing price regulation will set price; such that
the price markup over long-run marginal costs, its Lerner index, is equal to the absolute value of the
inverse of the firm’s own-price demand elasticity. Thus, the degree of market power can be inferred
from estimates of this elasticity. However, the data and methodological requirements for the estimation
of firm specific demand elasticities are extremely demanding. This section describes the methodology

employed to estimate demand elasticities for AT&T and the OCCs and to infer price markups over

marginal cost.

A. Two-level budgeting

Long distance service can be somewhat differentiated across firms. For high-volume business
customers and those who use data transmission services, there may be substantial variation in product
attributes. Even for residential and small business customers, differences in, for instance, perceived
quality, customer service, and billing systems could render long distance services heterogeneous across
firms. Finally, some carriers offer lower quality, lower priced, non-premium service, aithough its
popularity has diminished considerably. Despite the foregoing differences, it is not unreasonabie to
aggregate different firms’ long distance service into a single market that is distinct from outside goods.
In this way, it is possible to disentangle the decisions regarding the amount of long distance service to
consume and the firm chosen to provide it.

A two-level budgeting approach is used to estimate the demand system (Deaton and Muellbauer
(1980)). The upper level determines the industry-wide demand for long distance, while the lower level

determines how demand is allocated among the various tirms in the market. This approach is used



because it accords with perceptions of the long distance market, and it partially separates the effects of
general inaustry price reductions from price differences among firms within the industry. Real prices
for long distance service fell by about 50% between 1984 and 1991. Differences among firms' prices
were much smaller throughout this period. Two-level budgeting is also supported by the observation that,
while real total expenditures on all toll service increased by only 3.5% between 1984 and 1991, the

market shares of individual firms changed considerably.

With two-level budgeting, consumers are assumed to allocate funds across different broad
commodities (level one) and then distribute the allocated funds among the specific goods within the
commodity group (level two). In the upper-level, demand for aggregate long-distance service is

determined based on a price index for the industry,

Qs = Qg (PL2,plx psay)
where Y represents total income and P2, P°°, and P™ represent the prices of long distance service, local
telephone service and telephone sets respectively. The total expenditures on long distance service is

determined as a function of price,

Y = PLQ, (P2, plx piay)
where Y represents income allocated to the long distance commodity group in the upper level.

In the lower level, consumers choose which long distance carrier’s service to purchase based on

their relative prices and ¥°, the amount of income budgeted to long distance service,

Qp = QP ,PLP, . PN YD) O
Equation (1) looks like a traditional demand equation where quantity demanded is a function of prices
and "income." Traditional demand elasticities are calculated by differentiating equation (1) with respect

to firm 1's price, P. The partial derivative introduces two terms because firm 1's price is implicit in

long distance expenditures,
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The second term in equation (2) above is the elasticity conditional on the amount of income budgeted to
long distance, n¢;. The first term represents the "income" effect due to changes in the amount of income
allocated to long distance service from changes in the price of good 1. The first part of the first term,
¥ aQ' / Q' 3Y*2, is analogous to an "income" elasticity for the good, €5. If income elasticities do not
differ much across long distance companies, the value of this lower-level income elasticity wiil be close
to one. The second part of the first term, P 3Y° / Y° 3P, can be modified as follows:
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where w' is firm 1's share and n*° is the industry level demand elasticity. Putting the components

together yieids,



Ny = A+ nPwlel + nf. 3)

Equation (3) has an economically intuitive interpretation. The first term measures the "income”
effect while the second measures the elasticity holding budgeted income constant. Further, the first term
can be decomposed into three effects: P’ on P, P on ¥, and ¥ on @'. First, an increase in P’
holding all other prices constant, will increase P*° by the share of the total market that good | represents,
w’. Second, since Y° is the product of P° and 0*°, a one percent increase in P will increase ¥° one
percent directly and decrease ¥° by the upper-level elasticity due to a movement along the upper-level
demand curve. Finally, an increase in Y° will increase the quantity of good ! demanded according to

the lower-level income elasticity.

1. Upper Level Demand
The industry demand elasticity for equation (3) is estimated from monthly time series data. Long
distance quantity is estimated to be a function of its own price, the prices of local telephone service and
telephone sets, income, a time trend and monthly seasonality dummy variables,
10gQ,” = nPlogP,” + 7 logP, ™ + 2 ¥10gP* + € logincome,
12 4)

+ agtime + Y a month’ + w,.

t=]

" The quantity of long distance service demanded is expected to fall as price increases, with 7° measuring
the industry elasticity. Since local telephone service and telephone sets are complements to long distance
service, increases in their prices are expected to lead to a fall in the demand for long distance service,
implying that > and n** should both be negative. The coefficient on income, ¢, is intended to measure
the income elasticity for long distance telephone service and is expected to be positive. The prices of

PBXs, computers and modems, which can also be thought of as complements to long distance telephone
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service, tended to decline over the sample period. Si- e price series are unavailable for these products.
a time trend is introduced to capture this shift in demand, and the coefficient on that time trend, «,,

should be positive. Month dummy variables are intended to account for the seasonality of the demand

for telephone calling.

2. Lower Level Demand
- Budget share regression equations can incorporate the assumptions of two-level budgeting. If the

lower-level demand elasticities are constant in the relevant range and only two carriers exist, then

equation (1) becomes,

logQ}, = nf,logP' + qf,long + eflogY L

Assuming €€ is one,’ then by adding log 7’ to and subtracting the last term from both sides, we get,

il

y?o" = (1nj)logP! + njylogP?.

log

Since Y is total industry expenditure, this is the budget share equation. Firm level constrained
elasticities are estimated by regressing a firm’s revenue market shares against the price of its own service

as well as that of its rivals, month seasonality dummy variables and state dummy variables,

P O! ‘ : S L
log b,_Q,,h = (1+n)) logPy, + njlogPl + Y- A state] + Y- v monthy + py. 2
Yh x=1 t=]

Equation (5) is estimated for AT&T and an aggregation of MCI and Sprint. Changes in the relative

prices within the industry are expected to induce brand switching causing ¢, to be negative and 5 to be

’It is likely that income elasticities do not differ much across long distance companies, implying that
the value of ¢ is one. Data limitations make its estimation problematic. Since quantity is the dependent
variable and it is implicit in total long distance expenditures, errors in variables problems couid render

estimates biased.
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positive. Long distance calling demand exhibits sensitivity to seasonal changes and including month
dummy variables allows for differences in shifts in demand across brands. State dummy variables are

intended to account for idiosyncratic differences in supply and demand across states.

B. Econometric Issues

One of the critical assumptions underlying regression analysis is that all of the regressors are
uncorrelated with the error term. If the statistical independence assumption is violated, the parameter
estimates are biased and inconsistent. In demand estimation, a frequent cause of statistical dependence
is observed prices incorporating the in:.uences of both supply and demand. That is, prices and quantities
are determined at the intersection of supply and demand curves. For instance, industry price, one of the
regressors in equation (4), and the firms’ prices in equation (5), will depend on the level of output
through supply relationships. The error terms, w, and u,, represent the effects on output that are not
explained by the modeled demand relationship. Thus, because both the prices and the error terms depend
on the output level, they are likely to be correlated.

This problem, of endogenous explanatory variables, can also be thought of as part of the broader
problem of "measurement error," that is, 6f the divergence between the data being observed and the
variables being mbdeled. For example, in demand estimation, the relevant price variable is the price that
would prevail if the demand curve did not shift. To the extent that the observed price is affected by a
shifting demand curve, it is measured with error. Measurement error in explanatory variables implies
correlation between the explanatory variables and the error term, resulting in biased coefficient estimates.
The direction and magnitude of the bias is a function of various coefficients and correlations between

variables.* In equation (5), coefficient bias can resuit from measurement error in both the own and

‘Measurement error in a variable will tend to bias its coefficient toward zero. Measurement error

in a different explanatory variable will tend to bias a coefficient in the direction of the product of the
(continued...)
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competitor pric&s. Measurement error in the own price will tend to bias the coefficient toward zero.
Measurement error in competitor prices will also tend to bias own-price elasticity estimates toward zero
(since the correlation between own and competitor prices and the cross-elasticity are both positive and
own-price elasticity is negative). Likewise, measurement error in these prices will tend to bias cross-
elasticities down (toward zero).

Two general methods of dealing with measurement error are instrumental variables and reverse
regressions. The instrumental variables method brings other information to bear in order to recover
estimates that are consistent. This method attempts to purge endogenous explanatory variables of their
correlation with the error term. Reverse regressions, on the other hand, simply attempt to put bounds
on the magnitude of the bias. These regressions switch the dependent and independent variables to

generate estimates biased above and below the true parameter value.

1. The Instrumental Variables Method

Since price and quantity are jointly determined, observed prices represent a mixture of demand
and supply relationships. Measures of the demand elasticity from direct regression techniques on
observed prices will yield biased and inconaistent estimates because the price is endogenously determined.
Disentangling demand relationships from supply relationships empirically requires a technique that can
distinguish between shifts in the supply curve (movements aloﬁg the demand curve) and movements along
the supply curve (shifts in the demand curve). Price and quantity pairs associated solely with shifts in
the supply curve, for instance, will trace out a demand curve whose slope (or elasticity) can be estimated

without bias. One method for identifying shifts in the supply curve is to use variables that represent the

4(...contiiued)
correlation between the two variables and the coefficient of the variable with measurement error. The

magnitude of the bias will be a function of these various correlations and coefficient values (Maddala
(1988) pp. 388-391).
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cost of prod~~+ion. The price level that is predicted by these variables would not depend on demand, but
instead would reflect only changes in the cost of prouucticn. In this manner, the predicted price becomes
independent of the error term and the resulting demand estimates are unbiased. In such an application
of the instrumental variables technique, the variables representing the cost of production are called the
instrument set.

The ability of instrumental variable methods to obtain meaningful demand parameters depends
on the ability to find suitable instrumental variables for the endogenous price. The two general
requirements are that the instrumental variables be independent of the error term in the demand equation
and that they be correlated with the endogenous variable. First, instrumental variables that are themselves
functions of the output level will create interdependence between the predicted price and the output level
and, thus, between the predicted price and the error term. This reintroduces the problem for which
instrumental variables were sought in the first place. Second, correlation between the instrumental
variables and price insures that they "explain” some of the variation in the price. That is, they must
represent enough of the shifting in the supply curve to provide significant movement along the demand
curve. Better predictions of the shifts in the supply curve provide more precise (i.e., smaller variance)
estimates of the shape of the demand curve.

A test of bias due to errors in variables can be conducted when instrumental variables are
employed. The Durbin-Wu-Hausman test (Hausman (1978)) corﬁpares the parameter estimates from two
different specifications of a regression model. If the estimates are sufficiently different (in a statistical
sense), the specification that relies on the stronger assumptions regarding the data is rejected. In the
present context, the assumption that the errors in the variables do not lead to biased estimates (implicit
in ordinary least squares (OLS) resuits) is stronger than the assumption that they might (implicit in
instrumental variables resuits). A Durbin-Wu-Hausman test can also compare parameter results from two

different instrumental variable specifications where the instrument sets are different.
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2 Reverse Regressions

It is possible to place bounds on the true parameter by reversing the direction of the regression.
Regressing Y on X when both are measured with error yields a coefficient biased toward zero. Similarly,
regressing X on Y will also yield a coefficient biased toward zero. However, the reciprocal of the
coefficient of Y from the second regression provides an aiternative estimate of the coefficient of X from

the first regression. This reciprocal will be biased upward and provides an upper bound on the true

parameter,

|plim B[ < |B| < |plim 1/¢ |
where 5’ is the estimated coefficient of X in the direct regression, '; is the estimated coefficient of Y in
the reverse regression ard S is the true parameter value. This procedure generalizes to multivariate
regressions and generates the set of estimates that bound the true parameter value (Klepper and Leamer
(1984)). Parameter estimates from reverse regressions are maximum likelihood estimates, and the set
of parameter values bounded by these estimates contains the true parameters. As discussed in the
previous section, instrumental variable methods, in principle, yield consistent parameter estimates. Yet,
because instrumental variable methods may still yield biased coefficient estimates if the instruments

themselves are functions of output, reverse regressions can provide additional information about the size

of any remaining bias.
C. The Lerner Index

The reciprocal of the own-price elasticity, the Lerner index, provides an estimate of the

percentage price markup over marginal cost for an unconstrained, profit maximizing firm:
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This condition is derived from the first order conditions that equate marginal revenue to marginal cost.
For larger elasticities (in absolute terms), the marginal revenue curve is closer to the demand curve and
the profit maximizing price is closer to marginal cost. In this way, the demand elasticity indicates the
extent to which the firm can unilaterally raise prices without suffering a large loss in quantity. This is
the extent of the firm’s market power. The application of the Lerner index to estimated demand
elasticities requires assumptions regarding: the degree to which competitors respond to price changes of
rivals, the effect of regulation on AT&T’s ability to set prices above marginal costs; and the bias in the
implied marginal cost due to the short-run, rather than long-run, nature of the estimated demand
elasticities.

The demand elasticity described in equation (3), used to infer the Lerner index, represents the
effect of a change in a firm’s price on its quantity when competitors’ prices are held constant. This is
the appropriate elasticity if the firm assumes that its competitors’ prices will remain unchanged when it
changes its own price, as would be true with the Bertrand conjecture for a differentiated product industry
(Carlton and Perloff (1990), pp. 272-276, 308-310). If, however, the firm conjectures that changing its
price will induce rivals to adjust their prices (independent of a common change in costs), then this is not
the appropriate elasticity. In the extreme case of perfect collusion; price changes by one firm correspond
to equal price changes by all others, and the relevant firm-specific elasticity is the industry demand
elasticity.

We assume that AT&T will conjecture that its competitors’ prices will not change in response to
its own price change. First, the non-AT&T carriers ("Other Common Carriers" or "OCCs") have ample
capacity with which to expand output. While AT&T’s share of fiber optic capacity was 41% in 1992

(Kraushaar (1993)) its share of output was 60% by 1992. This implies that the OCCs have even more
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capacity  :.xp.asion than does AT&T. Second, the average OCC customer is likely to be significantly
more pricz ela.i.c than the average AT&T customer. The average OCC customer demands more than
twice the calling volume as demanded by the average AT&T customer.’ Moreover. since most OCC
customers have switched from AT&T at some time, they have revealed themselves to consider OCC
service to be a closer substitute for AT&T service than do existing AT&T customers. Third, besides
being more price sensitive, OCC customers can choose among a large number of non-AT&T long
distance companies whose services are likely to be perceived as good substitutes for each other. Over
500 OCCs other than MCI and Sprint compete in the interstate long distance market (Statistics of
Communications Common Carriers (1992)). While most of these firms' operations are confined to
reselling service supplied over the facilities of other long distance carriers, nine firms operated facilities
in more than 45 states by 1991 (Statistics of Communications Common Carriers (1992)). Moreover, the
combined market share of these other OCCs is greater than that of Sprint and the growth in their
combined market share since 1988 was greater than that for MCI or Sprint.® This suggests that an OCC
faces the prospect of customers switching to any of a large number of potential competitors if it attempted
to raise its price in response to an AT&T price change. Fourth, the telecommunications industry exhibits
characteristics which tend to impede collusion, either tacit or explicit. In addition to the large number
of firms, collusive behavior is more difficult to enforce in industries with rapidly changing technologies
and. consequently, changing market shares (Stigler (1964)). Lbng distance telecommunications has

experienced an accelerating pace of innovation. Technology innovations include microwave and fiber

*The ratio of a firm’s total minutes supplied to the number of its customers represents an index of
calling volume per customer. The calculated calling volume index for OCC customers is 2.7 times that
for AT&T customers in December, 1987 and 2.0 in June, 1992 (Statistics of Communications Common

Carriers (1992)).

*Market shares in 1991 were 15.0%, 9.7% and 13.1% and 1988 market shares were 10.3%. 7.2%
and 8.0% for MCI, Sprint and all other OCCs respectively (Statistics of Communications Common

Carriers (1992)).
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optic transmission, asynchronous transfer mode (ATM) and frame relay switching, and software defined
network (SDN) and bandwidth-on-demand data communications. Consumer related innovations include
magnetic strip calling cards, optional calling plans and "EasyReach 700" service. As long distance
companies adopt these innovations to varying degrees, they become better able to serve different niches
of the market and collusive arrangements become more difficult to enforce.

Inferring a price-cost markup from a Lerner index requires the assumption that marginal revenue
is equated with marginal cost. However, this assumption may not hold for firms, such as AT&T, that
face price regulation. With a constrained price, in the short-run the quantity demanded will exceed the
unconstrained profit maximizing level and marginal cost will exceed the unconstrained marginal revenue
curve. Thus, the price-cost margin under regulation would be smaller than the price-cost margin derived
from the profit maximizing assumption implicit in the Lerner index. However, since the firm may be
able to respond to regulation, the divergence between marginal revenue and marginal cost will be
diminished for two reasons. First, if the firm expects price to be constrained into the future, it can
reduce marginal cost to the lower marginal revenue level by reducing investments that maintain quality.
Second, if the firm expects price to be unconstrained for some amount of time in the future, the relevant
marginal revenue is a weighted average of the constrained and the unconstrained marginal revenues,
where the weight is the probability that the constraint will be binding. In the first case, a sub-optimal
. level of quality is chosen and in the second, the relevant constraint is the expected price-cap over periods
when it is binding.

In fact, regulation does not appear to have greatly constrained AT&T’s prices, at least since price-
caps have been in place. For Basket | services, AT&T’s price was at its cap only about one-third of the
time that pricecap regulation was in effect. Figure 1 shows that the price cap is more likely to be

binding just after large changes in the cap brought about by large changes in regulated carrier access
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prices. [ am told that this result could be a reflection of regulatory delay in reviewing AT&T price
changes. Thus, even one-third is likely to overstate the fraction of time that the price-cap was binding.
If the estimated elasticities represent less-elastic short-run demand, then the implied Lerner indices
will overstate the actual long-run price-cost margin (see figure 2). There are two reasons to expect the
estimates to represent short-run elasticities. First, the elasticity estimates are generated with monthly data
on price and quantity. In this market, consumers are not likely to fully adjust to a price change until after
a year or so. Short-run demand is less elastic because price information is conveyed imperfectly to
consumers through advertisements and experiences with monthly bills. Consumers respond to new price
information when they become aware of the price change, in some cases months after it actually occurred.
Notably, studies estimating long-run industry demand curves for long distance telecommunication often
allow current price changes to affect current quantity as well the quantity demanded for a year or so into
the future.(Taylor (1980), Taylor and Taylor (1993)). Second, the OCC Lerner index values, if
construed as long-run estimates, would represent economic rents, i.e., profits from the exercise of market
power. While it is possible that OCCs are earning rents, it is likely that most of their implied price-cost
margin stems from the upward bias due to the estimation of short-run, and not long-run, demand
elasticities.
A measure of the AT&T Lerner index bias generated by the estimation of short-run demand
;elasticities, instead of long-run elasticities, can be derived from thé estimated OCC Lerner index. Under
the assumption that long-run OCC firm-specific demand is nearly horizontal, (that is, the OCCs are
virtually textbook competitive firms), their long-run price-cost margin is very small. The FCC
considered "competition in business services to be thriving,” from which can be inferred that the FCC
considered AT&T's ability, let alone the OCCs’ ability, to set prices above marginal cost for business
services to be negligible (Federal Communications Commission (1991)). Since some of these business

customers are long distance resellers, the ability of the OCCs to set prices significantly above marginal
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costs to residential customers appears quite limited. In this case, almost all of the estimated OCC Lerner
index represents 2 measure of the bias. If the amount of the bias is the same for AT&T and the OCCs,

then the actual price-cost margin for AT&T can be approximated by,

L*ATI' = I:Arr - I:OCC

LR sk SR
= 1 - 1 )
e | [fs |

the difference between the estimated price-cost margins for AT&T and the OCCs.

Iv. Data Description

This section describes the basic data employed to estimate long distance telephone demand
relationships described by equations (4) and (5). The upper level demand estimation, equation (4), uses
national time series data for the period July 1986 to August 1991. The lower level demand estimations,
equation (5), uses monthly data for the years 1988 to 1991 for five states. Instrumental variables are
empioyed to identify structural demand parameters in both estimations. This section describes the data

used, focusing primarily on the lower level estimation.

A. Upper Level Estimarion

For the upper level demand estimates, equation (4), national data were collected from various
sources on output, prices and income. The total number of minutes of interstate calling is used as the
industry output. These data come from National Exchange Carrier Association (NECA) reports to the
FCC. The CPI prices for interstate long distance and local service, and the PPI for telephone sets were
used as price variables. Per capita personal income was used as the measure of income. All prices and

income data are deflated by the CPI for all goods and services.
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The price of long distance is treated as endogenous, so instrumental variable techniques are
necessary. Instm—ental variables that are available are the PPI indices for transmission and digital
switching equipment and the wages of telecommunications workers. All of these represent prices of key
inputs into the production of long distance services and, thus, should represent shifts in the supply curve.
They will be correlated with the quantity demanded only to the extent that the long distance industry
represents a significant portion of the total demand for the individual factors and these markets have
upward (or’downward) sloping supply curves. While the long distance industry does account for a large

fraction of these equipment markets, there is no evidence on the slope of the supply curves.

8. Lower Leve! Estimation

The principal data used in the estimation of lower level demand, equation (5), are interstate
carrier access usage and expenditure information for AT&T and the Other Common Carriers (OCCs).”
The carrier access usage information available is for sv'itched and special access purchased by AT&T,
MCI, Sprint and an aggregation of the other long distance companies. These data span five states and
each month from January 1988 through December 1591 for a total of 240 observations. Interstate toll
service is the focus of this study both because these data were the most accessible and because this is one

of the most important segments of the market.

1. Demand Variables
A number of relevant variables are available. For each state, month and long distance company,
the variables available are the number of minutes and dollar expenditure on interstate switched access and

the number of lines and dollar expenditure on interstate special access. Since these data are obtained

"These data are used under a nondisclosure agreement with Southwestern Bell Telephone Co. and are
not publicly available.



from billir _ _aformation, they should reflect actual purchases accurately. The number of switched access
minutes measures the quantity of long distance service demanded. The quantity is the sum of both the
number of outgoing and incoming minutes. Long distance companies have increasingly moved their
larger customers to special access and facilities bypass. If special access usage grew faster for the OCCs
than for AT&T, market shares based on switched access alone would underestimate the OCC market
penetration and will tend to bias own-price elasticities downward. However, the market share based
solely ;)n switched access more accurately represents Basket | services. Dividing interstate switched
access expense by interstate switched minutes yields an average price for switched access per minute.
Dividing interstate special access expense by the interstate number of lines yields an average price per
special access line.

The price of long distance service for different firms is of key importance to the estimated resuits,
and is the weakest data element. Long distance price variables were constructed from price information
in tariffs filed at the FCC. AT&T, MCI and Sprint submit rate schedules to the FCC when they change
their rates. These schedules list prices by time of day (day, evening and night), first or additional minute
and distance of the call (there are twelve different mileage bands). Since the quantity variable aggregates
calls over all of these dimensions, the relevant price is a weighted average over z;ll of these dimensions.
However, the appropriate weights can only be approximated and some assumptions must be made
regarding the relative use along these dimensions.

Time of day, duration and distance weights were computed using intralLATA toll information and
some simplifying assumptions. The average duration and the fraction of calls by day, evening and night
were available for local telephone toll service by state. Applying these weights to the interstate data
assumes comparability between the shorter distance intraLATA and the longer distance interstate calling
patterns. The relative weights for the separate mileage bands were computed in an admittedly ad hoc

way. A so called "gravity” model of telephone traffic flows was employed to calculate the expected
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number of calls flowing between two points as proportional to the product of .. "mass" of the two
locations divided by the square of the distance between the two locations. The expected flows were
calculated for each of the 3187 counties in the U.S. to each county of the states in the dataset using the
counties’” geographic center to compute distances and its 1991 population for its mass. The individual
county flows for a state are aggregated into the mileage bands. The price is averaged over mileage

bands using the aggregated state flows as weights.

2, Potential Measurement Errors in the Long Distance Prices

Due to the many assumptions inherent in the construction of the price variable, it is appropriate
to check it against other sources. One price series available for comparison is the AT&T price index
reported to the FCC. As part of the filing requirements for price-cap regulation, AT&T has reported
price indices for different baskets of services since April of 1989. The price index for Basket 1 Services
represents an independent measure of the long distance prices constructed above. Figure 3 displays the
constructed long distance prices for AT&T and the OCCs in Texas and the Basket 1 index for AT&T.?
It appears as though the constructed AT&T price closely follows the Basket | index. The gradual
deviation between the two series may be accouated for by smaller price reductions in the international
and calling card calls, which are included in the Basket 1 price index but excluded from the constructed
price.

Discounts from posted prices are another potential problem with the constructed prices. Programs
like AT&T’s Reach Out America, MCI's Friends and Family and Sprint’s Most tend to offer a percentage

discount off the posted prices. If discounted prices vary more than posted prices, then changes in posted

'Bob Evett and Equifax National Decision Systems are gratefully acknowledged for the use of these
data.

*The other states in the sample yield similar resuits. Texas was chosen because it represents about
half of all the long distance in the sample.
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prices will understate actual price changes and estimated price elasticities will overstate true price
elasticities. Figure 4 confirms that AT&T’s Residential and Small Business and Reach Out America
indices diverge slightly over time. However, the slight divergence suggests that this source of
measurement error is small. The same is likely to be true for the OCC price.

Another measurement error in the OCC price results from the exclusion of firms other than the
two largest, MCI and Sprint. Price data were not collected for these other firms because the largest
represe;lts less than 1% of industry revenues and because quantity information was available only for the
aggregation of these firms. The combined market share of these firms has grown from about 7% to 13%
between 1988 and 1991. To the exter. that these firms' services are substitutes for ATAT’s and these
smaller firms prices are uncorrelated with MCIs’ and Sprints’, AT&T’s estimated own-price elasticity
should be biased toward zero. However, the small differences between the MCI and Sprint prices relative
to their difference from the AT&T price suggests that the OCCs’ prices are highly correlated with each

other and that this bias should be small.

3 Instrumental Variables

As noted above, inconsistent coefficient estimates due to errors in variables can be overcome with
the use of suitable instrumental variables. The constructed firm-specific long distance prices are likely
to contain errors because of both supply and demand simultaneity and the assumptions inherent in their
construction. Instrumental variables are required to predict supply prices and purge measurement errors.
Moreover, in order to estimate firm-specific price elasticities, firm-specific instruments are needed so that
shifts in the supply curve for a particular firm are independent of shifts in the supply curves for other
firms. Factor brices could be suitable instrumental variables if they are unique to each firm. If,
however, a factor represents a commodity good to all firms (e.g., raw materials), then changes in the

factor price are likely to induce similar shifts in supply for all firms in the industry.
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The available firm-specific factor prices include the cost of capital and the average prices of
carrier access. These factor prices are added to the set of instrumental variables used in the upper level.
Measures of the cost of debt are derived from Moody's yield to maturity caiculations on outstanding debt
for each of the largest three long distance companies. A bond’s yield to maturity is deflated by the yield
to maturity for a similarly lived government bond in order to adjust for changes in expected inflation.
Finally, a firm’s outstanding bonds are aggregated into a single yield to maturity using their face value
as weights. The cost of capital can be expected to be unique to each firm, correlated with price and
uncorrelated with the error term in the demand equation. First, the cost of capital depends largely on
the riskiness of the firm borrowing the funds. In the long distance market, AT&T’s capital costs reflect
a relatively risk free firm, while MCI pays a relatively high interest rate on its junk bond debt. Second,
since the firms in this industry are relatively capital intensive, changes in their cost of capital are likely
to induce relatively large price changes. Third, the cost of capital is likely to be independent of the
output level and, thus, the error term.

While carrier access prices may be both unique for each long distance company and highly
correlated with long distance price, they may also be correlated with output and, thus, the error term.
Firms differ in their carrier access purchases mainly because of the degree to which they integrate into
the distribution of telephone calls. When a sufficient volume of calling for a long distance company

~originates or terminates in a particular area, the long distance company will extend its network into the

area and thus reduce its purchase of access from the local telephone company.'® Thus, average switched

access prices will depend on the location and the calling patterns of a long distance company’s customers.

'°Long distance companies typically terminate their networks near the centers of metropolitan areas.
Calls to and from outlying areas are transported to the long distance network by local telephone company
at a charge that increases with distance. When the volume of traffic for the outlying area develops
sufficiently, a long distance company will extend its network to the area. This occurs when the cost
savings from reduced expenditures on local telephone company transport is greater than the cost of

extending the network.
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More geographicaily concentrated customers and calls will lead to more backward integration, lower
expenditures for switched access and lower total costs. Likewise, average special access prices tend to
be lower in areas of more densely located customers and calls because less costly, higher capacity lines
can be used. Changes in carrier access rates are highly correlated with long distance prices, explaining
much of the decreases in prices (Taylor (1991)). However, there is evidence that carrier access prices
fall as more is demanded (Parsons and Ward (1993)). Thus, using carrier access prices as instruments

may reintroduce correlation between long distance prices and the error term in the demand equation.

4. Some Tests of the Instrumental Variables

While the focus of this paper is on demand estimation, one way to evaluate the effectiveness of
the demand instruments is to estimate supply relationships. This analysis can also provide an estimate
of the effect of price-cap regulation on AT&T’s costs. Price-caps, which replaced rate-of-return as the
regulatory scheme for AT&T midway through the sample, may provide AT&T stronger incentives to
reduce costs (Liston (1993)). In general, the supply curve is expected to be quite elastic given the
relatively large fixed costs relative to variable costs in the industry." Supply relationships are estimated
with the firm specific data using the equaticn,

s
logP, = ycap, + 0logQ,, + lz:d:,logw,',' + Y B satey + v, (6)
€L x=]

Cap is a dummy variable whose value is one during the time that AT&T was regulated under the price-
cap regime as opposed to the rate-of-return regime. The ws, the factor input prices, are the PPI indices

for transmission and digital switching equipment, the wages of telecommunications workers, the yield to

"In fact, Huber, et al. (1993) contend that the technology is developing into that of a natural
oligopoly due to scale economies in transmission.
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maturity on corporate bonds, and the averac? price” for switched and special access. The instruments
for quantity are income and month dummy - .riable. .

Estimation results for equation (6) are reported in table 1. First, as expected, supply curves
appear to be flat. Still, coefficient estimates not significantly different from zero are likely due to the
meager instruments available for the quantity demanded. Indeed, the negative coefficients for minutes
of use could be a demand relationship picked up because both output and income, an instrumental
variable, are correlated through a time trend in both variables. Second, there is evidence that the
movement toward price-cap regulation lowered AT&T"s costs. The price-cap coefficient is negative for
both AT&T and the OCCs but is significant for AT&T only. This conforms to the hypothesis that price-
cap regulation is a more efficient form of regulation for long distance telephone service ard with other
empirical results (Mathios and Rogers (1989, 1990), Kaestner and Kahn (1990)). Since the OCCs are
not subject to regulation, the only effect of price-cap regulation on their prices would be through more
vigorous competition with a more cost-efficient AT&T.

The third result is that the industry-wide and firm-specific factor input prices are relatively good
explanatory variables for the price of long distance service. Increases in the prices of inputs common
to all firms -- switching equipment, transmission equipment and labor -- increase the output price for both
AT&T and the OCCs, with coefficient magnitudes and confidence levels differing across firms. The yield
t0 maturity on corporate bonds, a measure of the cost of capitﬂ, is significant only for the OCCs. This
result is reasonable since much of MCI's debt is in the form of junk bonds whose prices are more

variable than the bonds issued by AT&T. Note also that the estimated coefficients of switched and

?Price-cap regulation of AT&T could render its supply price censored at the price-cap, suggesting
that Tobit estimates of equation (8) are more appropriate. As mentioned above, for Basket | services.
AT&T's price was at its cap about one-third of the time that price-cap regulation was in effect. Also,
periods in which the cap was binding are possibly the result of regulatory delay. Since, in these ¢
the price cap may actually be a floor and not a ceiling, attempts to account for censoring are not reported.
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special access prices are all positive and significant. The estimated standard errors are quite small,
indicating that these input prices should be good proxies for firm-specific shifts in supply, which are

needed in the demand estimation.

V. Demand Estimation Resuits

The results of the demand estimations are presented in this section. In the upper level
regressions, the results are quite similar to estimates presented in other research. Specifically, the
commonly accepted industry deman: elasticity of -0.65 cannot be rejected. In the lower level
regressions, firm-specific demand elasticities for both AT&T and the OCCs are found to be sensitive to
assumptions regarding the errors in the variables. Carrier access prices can be rejected as suitable
instrumental variables due to their endogeneity with output. The elasticity estimates resuiting from the
restricted instrument set (i.e., one without carrier access prices) provide a smaller range of estimates.
Lower bound estimates of short-run own-price demand elasticities are -2.9 for AT&T and -6.6 for the
OCCs. While consumers are not likely to fully adjust to price changes until after a year or so, these
estimates indicate that demand is fairly elastic even in the short-run.

Estimation results for the industry level demand estimation, equation (4), are reported in table
2. Columns (1) and (2) exclude the time trend and provide evidence that local service and telephone sets
are strong complements with long distance services. Columns (3) and (4) include a time trend to capture
an exogenous shift in demand (e.g., the growth of data and facsimilé transmissions). The resulting cross-
price elasticities are smaller and are now insignificant at standard levels. Where Hausman, Tardiff and
Belefante (1993) find significant cross-elastic effects from long distance prices on local service penetration

rates, the converse cross-elastic resuits are mixed here. Estimated own-price elasticities are significant
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and similar to those reported eisewhere (Taylor and Taylor (1993), Taylor (1980)). In fact, the
commonly accepted value of -0.65 can only be rejected in column (1).

Table 3 reports two-stage least squares (2SLS) regression resuits for the lower level demand,
equation (5), under various assumptions regarding the errors in variables.”” Because Durbin-Wu-
Hausman tests always reject OLS results in favor of instrumental variables results, only the latter are
reported. The left panel uses all of the instruments and the right panel uses all instruments except the
carrier access prices. Since carrier access prices can be correlated with the quantity demanded, resuits
that rely on them may still be biased. In each panel, the results from the direct estimation of the market
share regressions, as well as the resuits from the estima‘ion of the reverse price regressions, are reported.
Coefficient estimates from the reverse regressions are not directly reported, but are used to compute
parameter estimates comparable to those obtained from the direct regression. The top panel reports the
results for AT&T demand and the bottom panel reports those for the OCCs.

Coefficient estimates vary widely depending on the errors in variables assumptions made
regarding the data. When all of the instruments are used, the estimate on AT&T’s own-price elasticity
varies from -1.16 to -5.87. Bias toward zero is confirmed by reverse regression estimates that are larger
(in absolute terms) than those from the direct regression. The range of coefficient estimates shrinks to -
2.15 to -4.68 when the instrument set exciudes carrier access prices. Likewise, the range of own-price
estimates for the OCCs collapses from between -3.09 and -13.95 using all instruments to between -5.73
and -9.27 using the restricted instrument set. These resuits are consistent with the conjecture that carrier
access prices are unsuitable as instruments. Indeed, in all cases, Durbin-Wu-Hausman tests reject the

hypotheses that the coefficient estimates are the same using either instrument set.

“While applying a Tobit regression to the first stage to account for possible censoring at the price-cap
does change the estimated coefficients in the first stage, the results for the second stage are virtuaily
unchanged.
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Uncennditional own-price elasticities are now constructed using equation (3). These elasticities
and their associated Lzrner indices are reported in table 4 assuming an industry demand elasticity of -0.65
and revenue market shares of 0.647 for AT&T and 0.269 for the OCCs." For example, AT&T's own-
price coefficient of -2.15 from the direct regression using the restricted instrument set yields an estimated
own-price elasticity of -2.92 and a Lerner index of 0.337. Under the same assumptions, the OCC own-
price coefficient of -5.73 translates into an own-price elasticity of -6.64 and the Lerner index is 0.151.
That 1s AT&T’s price markup over marginal cost is estimated to be about 33.7% of its price, while the

OCC’sis 15.1%.

V1.  Potential Deadweight Loss Calculations

As noted above, firm-specific demand elasticities imply price markups over marginal cost via the
Lerner index. Also noted above, the estimated elasticities and their associated Lerner indices are likely
to represent short-run, and not long-run relationships. This implies that the estimated markup over
marginal cost is biased upward. To calculate long-run elasticities and Lerner indices for AT&T, the size
of the bias introduced by short-run demand elasticities must be accounted for. Under the assumption that
the OCCs are earning no economic rents at all, their Lerner index represents a measure of this bias for
the OCCs." If the amount of the bias is the same for AT&T and the OCCs, then the actual price-cost
margin for AT&T can be approximated by the difference between the estimated price-cost margins for
AT&T and the OCCs. This provides an upper bound estimate of the price markup over long-run

marginal cost of 18.6% (33.7% - 15.1%) using the estimated results from the direct regression and the

"“These shares do not add up to one because the OCC share excludes long distance companies other
than MCI and Sprint.

“If the OCCs are in fact earning some economic rents, then this methodology will tend to overstate
the Lerner index bias caused by the estimation of short-run demand elasticities.
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restricted instrument set. The lower bound estimate from the AT&T price rever-~ regression is 8.5%
(18.3% -9.8%).

The potential deadweight loss from supra-competitive pricing can be calculated as the area
bordered by the demand curve. marginal cost curve and the current output (figure 2). The economic
profits, output times the difference between price and long-run marginal cost, could also be considered
losses to society if that amount is expended to perpetuate the entry barrier creating the rents (Posner
(1975)). This is likely not the case here since regulators are taking significant steps to introduce
competition to the long distance market. Given this regulatory predilection, the return to this sort of rent
seeking by AT&T should be quite low. If so, the dead weight loss can be calculated simply as DWL =

re [O(p) - Q(P,)] dp, assuming constant marginal costs. With constant elasticity, the inverse demand
is given by Q(p) = Q,pp/P,)". The resulting deadweight loss as a fraction of current revenue is
DWL/REV = [I1-(1-L)'**}/(I1 +n) - L where L is the Lerner index.

While firm-specific elasticities are appropriate for generating estimates of the Lerner index, the
industry elasticity is the relevant elasticity for calculating the deadweight loss. If the OCCs were able
to match the hypothetically lower AT&T prices set at long-run marginal cost, then the deadweight loss
applies to the whole industry. This would be the case if AT&T were providing a price umbreila over
an industry in which all firms had similar nondecreasing cost functions. If instead, AT&T can operate
at lower long-run marginal cost than the OCCs, then it would caéture the entire market with prices at
long-run marginal cost. In this case the firm demand elasticity is the industry demand elasticity. Table
5 reports the ratio of potential deadweight loss to revenue for various price-marginal cost margins
assuming a demand elasticity of -0.65.

The relevant deadweight loss from table 5 depends on which values of long-run marginal cost are
used. Reducing the largest estimate of AT&T's short-run price-cost margin (0.337) by the size of the

bias derived from the OCC Lerner index (0.151) yields a long-run Lerner index of 0.186 and a
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deadweight loss of about 1.26% of total revenues. Reducing the smallest estimate of AT&T’s short-run
price-cost margin (0.183) by the measure of the bias derived from the OCC Lerner index (0.098) yields
a long-run Lerner index of 0.085 and a deadweight loss of about 0.25% of total revenues. These
estimates compare favorably with the range of the current economy-wide estimates of deadweight loss
due to market power of 0.5% to 2.0% of GNP (Scherer and Ross (1990), pp. 663-667).

If this market is currently more competitive than during the 1988-1991 period, then these
estimatés will overstate the current potential deadweight loss due to supra-competitive pricing. The
evidence of a more competitive market is: 1) the fall in AT&T’s market share from a national average
of 67% during the sampie period to €C% currently, 2) the introduction of 800 number portability, and
3) the increase in the number of foreign countries reached by OCC networks.

An alternative representation of the Lerner index is L*™ = $'™/ [|9*®| + 0°°°(1-$*™)] where
ST is AT&T’s market share and §°° is the OCC supply elasticity (Landes and Posner (1981)). With
values of L*™, '™ and n*° of 0.186, 0.67 and -0.65 respectively, 8°C becomes 8.95. This imp!ies that
the OCCs would be willing to increase their output by aimost 90% at prices 10% higher than current
prices. Assuming an OCC supply elasticity of 8.95, the reduction in AT&T’s market share from 67%
to 60% alone would reduce the Lerner index from 0.186 to 0.142 and the potential deadweight loss from
1.26% to 0.71% of revenue. Portability of 800 numbers and increased international access by the OCCs
will tend to increase 8¢ as the OCCs are better able to provide s;xbstimws for AT&T's services. If, in
addition to the fall in AT&T's market share, the OCC supply elasticity has increased from 8.95 to 10.0,
AT&T'’s Lerner index would decrease from 0.142 to 0.129 and the potential deadweight loss would
decrease from 0.71% to 0.58% of revenue.

To be sure, even the upper-bound estimate of the potential deadweight loss from supra-
competitive pricing, 1.26% of long distance industry revenue, represents $696 million in 1991, no small

sum. The 0.25% estimate using the largest elasticities represents $138 million per year. However, a
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sense of the ma~~itude of the deadweight loss can be discerned from the comparison between the benefits
and costs of pric. regulation. Under perfect price regulation (an admittedly unattainable goal), AT&T's
prices would be equal to marginal costs and the elimination of the entire deadweight loss would be the
benefit. Imperfect regulation that allowed AT&T to set prices midway between marginal cost and the
profit maximizing price level would eliminate about three-quarters of the potential deadweight loss.'s
The welfare costs due to price regulation of AT&T can only be gauged in reference to studies
of past defeg'ulatory actions. Mathios and Rogers (1989, 1990) and Kaestner and Kahn (1990) found that
AT&T prices were 7% lower in states that use price-cap incentive regulation compared to traditional rate-
of-return regulation. This effect presumably occurred, at least in part, because the less restrictive
regulatory structure induced cost reductions. Supply estimates reported above provide some evidence that
the movement to price-caps from rate-of-return regulation reduced AT&T’s long distance prices by
approximately 1.6%. Olley and Pakes (1992) find that competition spurs telecommunications
manufacturing plants to become more efficient. Ying and Shin (1993) found that the local telephone
companies’ costs fell due to the divestiture of AT&T. Crandall (1991) estimates that telephone industry
costs would be $3.5 billion (10%) higher in 1988 than they would have been without the introduction of
competition in telecommunications. Kwoka (1993) estimates that each percentage point decrease in
AT&T’s market share has led to a more than one-third percent (0.36%) improvement in productivity.
Since these productivity increases provide continuing benefits into the future, seemingly small

improvements quickly become substantial cost savings.

'*The resuiting upper-bound estimate of the benefit from regulation would be 0.96% of industry
revenues or $530 million per year (the lower-bound estimate wouild be 0.20% of industry revenues or

$104 miilion per year).
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VII. Conclusion

This paper estimates supply and demand relationships in the long distance telecommunications
market over the 1988 to 1991 period and interprets them in terms of potential welfare losses due to supra-
competitive pricing. The estimates of industry demand elasticity are similar to those reported elsewhere.
The prices of key inputs explain much of the variation in output prices and these are taken to be valid
instruments for demand estimation. Estimates of firm specific demand elasticities are fairly high; lower
bounds are -2.9 for AT&T and -6.6 for the OCCs. These elasticities are best. interpreted as short-run
elasticities. Long-run price-cost margins are inferred from these estimates via the Lerner index from
which the potential deadweight loss due to supra-competitive pricing is calculated. Estimates of this
potential loss appear to vary between 0.25% and 1.26 % of industry revenue ($138 million to $696 million
per year).

The above analysis brings new information to the question of whether further deregulation of
AT&T is likely to be efficient. As stated in the introduction, the benefits of regulation are the possible
limiting of the deadweight loss due to supra-competitive pricing while the costs are inefficient production
due to regulatory distortion of profit incentives. In the early 1980s, competition may have been
insufficient to constrain AT&T prices to long-run marginal cost. In the intervening decade, competitive
pressures on AT&T increased substantially. This paper estimates that, for the 1988 to 1991 period,
cémpetition constrained the potential deadweight loss from supra-competitive prices to between 0.25%
and 1.26% of total revenues. Competitive pressures have continued to mount and it is likely that the

potential deadweight loss currently is smaller.
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Figure 1
AT&T’s Basket 1 Price Cap & Price Index
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Figure 2
Deadweight Loss from Supra-competitive Pricing
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Figure 3
Long Distance Price Variables
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Figure 4
Long Distance Discounts
(Real Prices)
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Table 1
Supply Price F.quations
2SLS Estimates - 240 Observations
January 1988 - December 1991

AT&T OCC
Variable Price Price
Price Cap -0.016' -0.007
(0.006) (0.007)
Minutes of Use -0.048 -0.040
(0.039) (0.037)
Price of Switching 0.189° 0.117
Equipment (0.087) (0.093)
Price of Transmission 0.368! 0717
Equipment 0.112) (0.094)
Telecommunications _ 0.301° 0.054
Workers Wage 0.151) (0.129)
Yield to Maturity on 0.048 0.503°
Corporate Bonds (0.404) (0.256)
Price of Switched Access 0.131' 0.194!
(0.022) (0.021)
Price of Special Access 0.081' 0.049'
(0.020) (0.008)
First-Order 0.789! 0.762!
Autocorrelation (0.040) (0.042)
Adjusted R? .970 977

Standard errors are in parentheses and superscripts denote
significance levels for a two-tailed test if less than 10%.
Not reported are coefficients of state dummy variables.



Table 2
Industry Quantity Demanded
2SLS Estimates - 63 Observations
June 1986 - August 1991

National National National National
Variable Quantity Quantity Quantity Quantity
Constant -1.127 -11.7813 -2.256 4.737
(4.387) (5.533) 4.071) (4.652)
Long Distance Price -0.899! -0.569" -0.622 -0.603!
(0.085) 0.137) (0.123) 0.127)
Local Service Price -0.849! -1.02¢4 -0.221 0.373
(0.242) 0.247) (0.281) (0.323)
Telephone Set <.946' 0.295
Price (0.293) (0.302)
Income 1.703! 2.661' 1.499! 1.797"
(0.272) (0.409) (0.243) (0.383)
Time Trend 0.042! 0.032’
0.014) (0.018)
Durbin-Watson 2.092 2.273 2.367 2.398
Adjusted R? .984 .985 .987 .986

Standard errors are in parentheses and superscripts denote significance levels for a two-
tailed test if less than 10%. Not reported are coefficients of month dummy variables.
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Table 3
Lower Level Demand Equations
2SLS Estimates - 240 Observations
January 1988 - December 1991

AT&T All Instruments Instruments Exclude

Demand Carrier Access Prices
Market AT&T 0OCC Market AT&T OCC

Variable Share Price Price Share Price Price

Regression Regression Regression ;| Regression Regression Regression

f
i
(]
!
Own-Price -1.16 587 423 1 215 4.68° 3.78°
0.31) | (0.49)
Cross-Price 1.44} 6.09° 5.16° 5 2.42 491° 4.61°
0.31) i (0.49)
Auto- 0.39 0.25' 025" i 031 0.25' 0.26"
correlation (0.06) (0.06) (0.06) i (0.06) (0.06) (0.06)
Adjusted R? 774 987 988 | 644 986 988
0CC All Instruments E Instruments Exclude
Demand E Carrier Access Prices
Market AT&T OCC |  Market AT&T occC
Variable Share Price Price i Share Price Price

Regression Regression Regression | Regression Regression Regression

Cross-Price 2.47" 13.47° 797 | 5.4 8.73° 6.99°
0.72) | (1.19)

Own-Price -3.09' -13.95° -11.72° ) -5.73! 9.27° -8.87°
0.71) ; (1.18)

Auto- 0.61' 0.31" 0.33' | 0.48' 0.36' 0.37"

correlation (0.05) (0.06) (0.06) ' (0.06) (0.06) (0.06)

Adjusted R? .550 987 988 g 227 988 986

Standard errors are in parentheses and superscripts denote significance levels for a two-tailed test if
less than 10%. Estimates with asterisks are the implied elasticities from the coefficients of reverse
regressions. The underlying coefficients are always significant at the one percent level. Not
reported are coefficients of state and month dummy variables.




Table 4

Unconditional Own-Price Elastcities and Lerner Indices

Lerner Indices

Elasticities

AT&T OoCC AT&T OCC
All Instrumental Variables
Market Share -1.97 -4.00 0.508 0.250
Regression
AT&T Price -6.65 -14.86 0.150 0.067
Regression
OCC Price -5.00 -12.63 0.200 0.079
Regression
Restricted Instrument Set
Market Share -2.92 6.64 0.337 0.151
Regression
AT&T Price -5.45 -10.16 0.183 0.098
Regression
OCC Price -4.55 9.78 0.220 0.102
Regression
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Table §
Potential Deadweight Loss as a Percent of Current Revenues
under Various Price Markup Assumptions
Assuming a -0.65 Industry Demand Elasticity

P, - MC DWL
P, REV
0.350 4.99%
0.325 4.22%
0.300 3.53%
0.275 2.91%
0.250 2.37%
0.225 1.89%
0.200 1.47%
0.175 1.10%
0.150 0.80%
0.125 0.55%
0.100 0.34%
0.075 0.19%
0.050 0.08%
0.025 0.02%
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