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THE TELECOMMUNICATIONS ACT of 1996 defines a regulatory framework
for increasing the intensity of competition in all aspects of telecom-
munications supply. The act requires all regional Bell operating com-
panies (RBOCs) to provide interconnection, unbundled access to their
basic network elements, and resale of any retail services that they offer
to potential competitive local exchange carriers. Once an RBOC meets
a checklist of standards for providing access and interconnection ser-
vices, the act allows it to ask the Federal Communications Commission
(FCCQ) for permission to provide interLATA (Local Access and Trans-
port Area) long-distance service.! The entry of competitive local ex-
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1. The 1982 Modification of Final Judgment (MFJ) that resulted in the breakup of
AT&T into the seven regional Bell operating companies (RBOCs) and AT&T long-
distance assigned all interstate and some intrastate long-distance services to the postdi-
vestiture AT&T. The RBOCs were assigned local services, the remainder of intrastate
toll services, and a very small amount of interstate toll services. The MFJ defined the
geographic service areas of the RBOCs and AT&T in terms of local access and transport
areas (LATAs). The boundaries of these geographic services areas were generally drawn
to follow standard metropolitan statistical areas and not to cross state boundaries. Only
AT&T Long-Distance and other long-distance carriers were allowed to provide long-
distance service between LATASs across and within states (known as interLATA service).
With a few exceptions the RBOCs were able to provide long-distance service within a
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change carriers and, eventually, of RBOCs into the interLATA long-
distance market should exert significant pressure on the cross-subsidies
that currently exist in the pricing of telecommunications services.

One cross-subsidy, currently under intense scrutiny, flows from the
charges long-distance service providers pay to the local exchange car-
riers at the originating and terminating points of a long-distance call.
The rationale for this pricing of inter-exchange carrier access to the
local telephone network is to maintain a low price for local residential
service in order to achieve the goals of universal service.

During the years leading up to passage of the 1996 act, competition
in the interLATA long-distance market and the growing number of
competitive providers of long-distance access, particularly for large
business customers, led to increasing RBOC revenue losses. Conse-
quently, during this period, many RBOCs requested and some were
granted increased prices for basic residential service as a way to recover
these lost revenues.?

The increasing amount of competition in all telecommunications ser-
vice markets envisioned by the 1996 law combined with the increasing
penetration of competitive providers of access to long-distance service
will put further pressure on all providers to price their telecommuni-
cations services to reflect the full cost of provision. The incumbent
local exchange companies are aware of this logic and in their recent
filings with the FCC, many have proposed increasing the price of local
service by at least $10 a month during the next several years to raise
the price up to the cost of provision. Proponents of increasing the price
of local service argue that such price increases will enable reductions
in the prices of long-distance access and other services to reflect their
costs so that the typical household’s telephone bill may not rise by this

LATA (known as intraLATA long-distance service). The MFJ left the option with state
regulatory commissions to determine whether to allow the RBOCs and the interLATA
long-distance carriers to compete to provide intraLATA long-distance service within
state boundaries. Weinhaus and Oettinger (1988) provide a nontechnical introduction to
these and other issues associated with telecommunications regulation in the United
States.

2. For example, effective January 1, 1995, the California Public Utilities Commis-
sion raised Pacific Bell’s price of local residential service by approximately 35 percent
(California Public Utilities Commission, 1994). Recently, US West made an unsuccess-
ful request to the Arizona Corporation Commission to approve a revenue-neutral rate
rebalancing plan that would shift some $20 million in revenue away from intraLATA
toll and onto local exchange service.
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full $10 and may in fact fall if the prices of these other services decline
enough.

When considering whether to increase the price of local residential
telephone service, two questions should be addressed. The first con-
cerns the magnitude of the welfare loss that a household would expe-
rience if it had to pay more for local residential service. The second is
whether increasing the price of local residential service together with
reducing the price of long-distance access can achieve the household-
level welfare benefits envisioned by its proponents. The purpose of this
paper is to answer both of these questions at the level of the individual
household.

The analysis focuses on the household because the regulatory debate
over increasing the price of local residential service often revolves
around the likely impacts of proposed price changes on specific demo-
graphic groups, such as low-income or elderly households. Even though
the average household-level welfare loss from a proposed price change
may be small, concern about the potentially large welfare losses to
these groups often foils attempts to win regulatory approval for price
increases. This concern also arises when considering proposals to bal-
ance increases in the price of local service with reductions in long-
distance access prices. Critics argue that such policies increase the price
of a good these households, particularly the elderly (for health and
safety reasons), consider a necessity—Ilocal telephone service—and
decrease the price of a good that they consider a luxury—Ilong-distance
service. By this logic, these households experience only the welfare
loss of higher local phone service prices and little of the welfare gain
of the decreased price of long-distance access, because they normally
consume little, if any, long-distance service.

To quantify the change in a household’s welfare attributable to an
increase in the price of local service alone or an increase in the price
of local service coupled with a decrease in the price of long-distance
access requires an estimate of that household’s indirect utility function.
To obtain the required indirect utility function for all possible types of
households, I specify and estimate a complete system of household-
level demand functions that are derived from the assumption of static
utility maximization.

The analysis of household-level demand is complicated by the fact
that a significant fraction of households choose to consume none of one
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or two of the goods in my demand system. These zero consumption
levels are much more prevalent among low-income and elderly house-
holds, precisely those households most at issue in the regulatory debate
over increasing the price of local residential service. The decision to
consume or forgo consumption of any local phone service is equivalent
to deciding whether to connect to the telecommunications network.
Whether a household consumes any long-distance service at current
prices is crucial to determining whether the household will receive any
benefit from a decline in the price of long-distance service that accom-
panies an increase in the price of local service. Therefore, properly
modeling both of these binary decisions—whether to consume zero or
positive amounts of local service and long-distance service—is neces-
sary to recover valid estimates of the welfare effects of price changes
for those services, particularly for low-income households.

I also investigate a common assumption about the structure of house-
hold preferences for both local and long-distance service that can have
a significant impact on the welfare calculations. Separability of local
and long-distance telephone service from all other goods in the house-
hold’s utility function implies that the household substitutes between
local service and such goods as food or clothing in the same manner as
it substitutes between long-distance service and either of these two
goods. For the reasons given above, particularly for low-income or
elderly households, this assumption is not likely to be true. Therefore,
imposing it on the utility function of these households will lead to
misleading welfare assessments for the price-change scenarios I con-
sider. My econometric modeling framework and household-level data-
base provide an opportunity to test this often maintained assumption,
and I find substantial evidence against its validity.

My primary data source is the Survey of Consumer Expenditures
(CES), put out by the Bureau of Labor Statistics (BLS). For this survey
the BLS collects information on household consumption (broken down
by many classes of goods), income, and various demographic charac-
teristics, on a quarterly basis. From the first quarter of 1988 to the first
quarter of 1991, this survey also collected data on household-level
telephone consumption broken down by local and long-distance service,
so my sample is confined to this time period. In addition to local and
long-distance phone service, food, clothing, and other nondurable ex-
penditures are included in the five-good demand system. To account
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for across-household heterogeneity in preferences, I also include de-
mographic variables interacted with prices in the indirect utility func-
tions. I then estimate two models for the household-level indirect utility
function, that account for zeros in the household’s purchasing decisions
in different ways.

For both models three classes of price-change scenarios are consid-
ered: those with a price increase in local residential service only, (2)
those with a price increase in local service offset by an equal percentage
decrease in the price of long-distance service, and (3) those with a price
decrease for long-distance service that is twice the percentage increase
in the price of local service. The second and third set of scenarios are
designed to cover the range of price changes in local and long-distance
services necessary to eliminate the current cross-subsidy in the pricing
of local residential phone service. According to the estimated U.S.
population aggregate household demand elasticities from my preferred
model estimates, approximately equal and opposite percentage changes
in the prices of local and long-distance service are necessary to keep
aggregate U.S. household revenues to all local exchange carriers un-
changed. Because there are reasonable demand elasticity estimates that
imply the decrease in long-distance prices would have to be twice as
large as the increase in local service prices to keep revenues unchanged,
I also analyze the welfare implications of this type of price-change
scenario.

For the price-change scenarios that exactly balance a price increase
against a price decrease—for instance, a 20 percent increase in the
price of local service coupled with a 20 percent reduction in the price
of long-distance service—parameter estimates from my boundary
model of household choice imply an average household-level welfare
loss. To emphasize the importance of properly accounting for zeros in
household-level consumption patterns, the interior solution model—my
other model of household choice—yields the opposite conclusion: an
average household-level welfare gain from this pair of price changes.
For the two scenarios where the price decrease for long-distance service
is twice that of the price increase for local service, both models of
household choice estimate an average welfare gain. The boundary so-
lution model, which accounts for zeros in a more realistic manner,
predicts substantially smaller household-level gains, however. Because
it treats zero consumption in a more comprehensive manner than the
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interior solution model does, the boundary solution model results in
very different estimates of the price and expenditure elasticities of
clothing and long-distance service (two goods with a significant number
of zeros) and overwhelmingly rejects separability of the underlying
household-level utility function.

For local price increases unaccompanied by decreases in the price of
long-distance service, both models esimate relatively minor welfare
losses. For example, a 40 percent increase in the price of local service
only results in a sample average household-level quarterly compensat-
ing variation of $17.86 in January 1988 dollars for the boundary model
for the household’s indirect utility function. This figure is approxi-
mately 0.6 percent of the sample mean of household total nondurable
expenditure, which is $3,017.52 in January 1988 dollars. The sample
Sth percentile to 95th percentile range of compensating variations for
this price change for the boundary model is $13.06 to $23.12, so even
for these extremes of the sample, the welfare losses associated with
these price changes seem relatively minor. Even for a price increase of
this magnitude (40 percent), for both model estimates I do not find any
households in the sample consuming a positive amount of local service
before the price change having a predicted consumption of local tele-
phone service less than or equal to zero, which can be thought of as
disconnecting from the local exchange network.

Because the empirical analysis recovers an estimate of each house-
hold’s indirect utility function, I can compute an estimate of the utility-
constant or true cost-of-living increase associated with each price-
change scenario for each household in the sample. For the 40 percent
increase in the price of local service, the mean household-level true
cost-of-living increase is 1.08 percent for the boundary model esti-
mates, with a 5th to 95th percentile range of 0.65 percent to 1.87
percent. The largest household-level true cost-of-living increase from
the 40 percent increase in the sample is 3.0 percent. These results
indicate that a price increase for local service would lead to little loss
of household-level welfare for all but a small fraction of U.S. house-
holds, and little, if any, reduction in the fraction of households con-
nected to the local telephone network.

Because the CES associates with each sample household a weight
estimating the number of U.S. households with the same demographic
composition as that household, I can compute the weighted sum of
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household-level compensating variations, which gives the total aggre-
gate net benefit or loss to society from each price-change scenario.
Dividing this magnitude by the sum of the weights—an estimate of the
total number of households—yields the U.S. population average per-
household compensating variation. A final exercise I undertake with
these weights is to estimate the median compensating variation for the
U.S. population of households. I find that these estimated U.S. popu-
lation calculations agree with the analogous sample calculations in both
sign and magnitude.

Finally, I estimate how the burden associated with each of these
price change scenarios is shared across the various types of households
in the sample. Measuring this burden by the percent true cost-of-living
increase, I find that the burden is much more than proportionately borne
by the lowest total expenditure (income) segment of the population of
U.S. households. In addition, this burden is also borne to a greater
extent by older-headed households, those with a working head and
working spouse, those in urban areas, and those with more children
ages two through fifteen.

Increasing Competition and Cross-Subsidies in
Telecommunications Markets

In the years just before passage of the Telecommunication Act of
1996, an increasing number of competitive providers of access to long-
distance services emerged; most of these providers served large busi-
ness customers, traditionally the major source of revenues for local
exchange carriers. The geographic concentration of local exchange
business revenues in large urban centers makes relatively small-scale
entry by competitive access providers extremely profitable. For exam-
ple, US West, the RBOC serving Washington state, estimates that 30
percent of its business calling revenues come from customers in 0.1
percent of the land area of the state.

Significant revenue losses in the long-distance access market have
forced the RBOCs to seek, and many have already received, regulatory
approval for increased prices for local residential phone service. As a
result, the portion of total revenues that all U.S. local exchange carriers
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received from providing local phone service increased from 41.7 per-
cent in 1988 to 45.6 percent in 1994.°

During this same time period, a growing number of states decided
to allow competition in intraLATA toll service, historically a significant
revenue source for local exchange carriers. At the present time, all
states allow some form of intraLATA long-distance competition from
facilities-based long-distance carriers. Many states have implemented
or are in the process of implementing plans for intraLATA long-distance
dialing parity, where customers can presubscribe to the intraLATA toll
carrier of their choice and all ““1+°’ intraLATA long-distance calls
will automatically be handled by that carrier. These changes in the
intraLATA market have resulted in substantial toll revenue losses to
local exchange carriers: in 1988, 16.8 percent of all revenues for the
RBOC:s and independent local exchange carriers came from toll service;
by 1994, that figure had fallen to 13.4 percent.*

Competition among toll carriers has also cut into AT&T’s interstate
market share measured in minutes, which dropped from more than 85
percent in 1985 to less than 60 percent in 1994.° For my purposes,
however, a more important aspect of this long-distance market is the
extent to which reductions in the price long-distance carriers pay to
access the local exchange network are passed through to consumers in
the form of lower prices for long-distance service. The question has
been debated extensively. After an exhaustive survey of the literature
and some analysis of their own, Crandall and Waverman conclude that
virtually all of the reductions are passed through—a reduction of one
cent in access prices translates into an eventual one-cent reduction in
long-distance prices—for daytime interstate rates for the longer mileage
distances in the U.S. interstate long-distance market.® Consequently, it
seems reasonable to assume that a regulatory policy that increases the
price of local service and reduces the price of access for long-distance
providers will eventually result in the desired reduction in the price of
long-distance service.

Between 40 and 45 percent of the total cost of an interLATA long-
distance call is paid to the local exchange carriers at the originating and

United States Telephone Association (1989, 1995).
Ibid.

Crandall and Waverman (1995, pp. 30, 137).
Crandall and Waverman (1995).

Al
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terminating points of the call. Although these access fees are generally
thought to be higher than their cost, there is some disagreement over
just how much higher they are. According to Sievers, approximately
half of these payments to local exchange carriers are in excess of the
costs of local access.” In a recent decision involving US West, the
Washington Utilities and Transportation Commission (WUTC) con-
cluded that ‘‘it is not a matter of dispute that access charges greatly
exceed the incremental cost of access.”’® The WUTC decision also
found that local residential service was not priced below its average
incremental cost, and that the price provided a substantial contribution
to shared and common costs. The question still remains, however,
whether the revenues from local residential service are sufficient to
cover all of the costs remaining after other revenue sources have been
applied.

In their recent Universal Service filings with the FCC, all of the
RBOCs except NYNEX (which serves New England and New York)
favored substantial increases in the price of local residential service in
line with what they argue is the cost of providing this service. Mary
McDermott, vice president of regulatory policy for the United States
Telephone Association, stated, ‘‘Right now the average local rate is
about $18 [a month]. Over the next four or five years it’s reasonable to
think of a $28 basic rate.’’® She goes on to state that because the prices
of long-distance access and other services will fall to reflect their costs,
the typical consumer’s overall telephone bill may not rise by this full
$10 and may in fact fall, if the prices of these other services decline
enough.

The provisions of the Telecommunications Act of 1996 that allow
interconnection and access to basic network elements by the competi-
tive local exchange carriers will exert further pressure on the prices of
all services to reflect their costs. The new law explicitly states that the
rates charged to competitive local exchange carriers must be ‘‘based on
the cost (determined without reference to a rate-of-return or other rate-
based proceeding) of providing the interconnection or network ele-

7. Sievers (1994).

8. WUTC (1996, p. 110).

9. Mike Mills, ‘‘Phone Rates Face New Hike Proposals,’’ San Jose Mercury News,
May 7, 1996, p. Al.
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ment.’’'® In addition, the eventual entry of the RBOCs into the
interLATA long-distance market will make the rapid pass-through of
access charge reductions even more likely.

Although substantial increases in the price of local residential service
are not inevitable, it is difficult to believe, given the new competitive
circumstances, that the RBOCs will not incur substantial revenue losses
if the price of local service is not increased significantly. Consequently,
it seems reasonable to believe that price increases along the lines of the
price-change scenarios set out here are likely to be seriously debated in
all of the coming state regulatory proceedings associated with imple-
menting the Telecommunications Act of 1996 and in subsequent price-
setting proceedings. The recent WUTC decision is a case in point: US
West proposed a doubling of the rate for local residential service over
four years.

Research Question within the Context of the Existing Literature

Many studies have assessed the impact of local service price in-
creases on telephone subscribership rates. Other studies have examined
the structure of telecommunications demand.'' Two recent studies at-
tempt to quantify the welfare gains associated with an increase in the
price of local service coupled with a decrease in the price of long-
distance service. Crandall and Waverman consider the overall gains to
society, to telecommunications services producers, and to consumers
from making these two price changes in a manner consistent with Ram-
sey pricing. Using aggregate demand elasticities and estimates of the
marginal cost of supplying local and long-distance service, they com-
pute the aggregate welfare under Ramsey pricing. After comparing this
result to aggregate welfare at the current prices, they find significant
gains to society from this rate rebalancing process.'?

Gabel and Kennet consider this same question and come to a different
conclusion. They argue that because of the impact of varying technical
standards on the cost of service, the marginal cost of local exchange

10. Telecommunications Act of 1996, section 252(d)(1)(a)(i).

11. Taylor (1994) provides a book-length survey of these studies.

12. Crandall and Waverman (1995). The authors obtain their aggregate demand
elasticities from the studies surveyed in Taylor (1994).
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service has been overstated and that the elasticity of demand for long-
distance service has been overstated in absolute value. They claim that
the combination of these two circumstances leads to no clear welfare
gains associated with reductions in the price of long-distance service
accompanied by increases in the price of local service.'?

These two studies focus on the aggregate demand for local and long-
distance service. For the many studies of the impact of local and long-
distance prices on subscribership, the analysis typically focuses on
subscribership rates within a census block group or other geographic
region. For long-distance consumption the analysis typically focuses
on aggregate demand for a state or for the nation as a whole.'* Any
estimate of the change in aggregate household welfare must therefore
be derived from the aggregate Marshallian demand curve, which could
yield aggregate welfare change estimates wildly different from the sum
of the individual household-level compensating variations associated
with the price-change scenario under consideration.

Consequently, this study focuses on characterizing the structure of
household-level demand and on measuring houschold-level welfare in
a manner consistent with economic theory. I chose the compensating
variation relative to the actual prices faced by a household as the mea-
sure of the welfare change associated with a given price-change scen-
ario.The utility-constant cost-of-living increase associated with the
price-change scenario is then computed for each household in the sam-
ple. In addition, the CES sampling weights permit estimates of the U.S.
population household-level mean and median compensating variation
and true cost-of-living increase. Because the regulatory debate over the
impact of the price changes I consider usually concentrates on their
effect on low-income and elderly households or those from disadvan-
taged ethnic groups, it is especially important to measure welfare
changes at the household level to understand whether state regulatory
commissions would be willing to implement these local residential ser-
vice price increases.

Because many of the households in these demographic groups of
particular concern to state regulators consume little or no local and
long-distance service, properly accounting for the presence of zero

13. Gabel and Kennet (1993).
14. See Crandall and Waverman (1995) for specific examples of these studies.
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consumption in the household’s demand is crucial to correctly recover-
ing the household’s indirect utility function. I take two approaches to
accounting for zeros. The tradeoff between the two is theoretical con-
sistency of the demand system against the stringency of the statistical
assumptions and ease of estimating the resulting demand system. The
first approach treats zero consumption as an interior solution to the
household’s budget-constrained utility-maximization problem. In other
words, a housechold’s decision not to consume a good is treated the
same as other nonzero consumption choices the household makes,
which is why I call it the interior solution approach. The second ap-
proach acknowledges that zero consumption is attributable to the im-
position of the Kuhn-Tucker conditions for nonnegativity of the utility-
maximizing vector of expenditure shares. Here, the econometric model
of household-level demand explicitly accounts for these Kuhn-Tucker
conditions for observations with zero consumption of one or more
goods. I call this the boundary solution approach. Although this ap-
proach is theoretically superior to the interior solution approach, the
explicit accounting for the nonnegativity constraints on household
demands requires explicit specification of distributional assumptions
and considerably complicates the estimation of the resulting demand
system.

Besides its consistency with the household’s nonnegativity con-
strained utility maximization problem, I expect that the boundary so-
lution model will more accurately capture the welfare effects I would
like to measure for those households of particular concern to state and
federal regulators. Consider figure 1, which illustrates the household’s
nonnegativity constrained choice of long-distance service and all other
goods at the prevailing prices P, (the price of all other goods) and P,
(the price of long-distance service). As the chart is drawn, the house-
hold is at a corner solution at utility level U, with zero consumption of
long-distance service. Consequently, for price reductions up to the level
of P,*, the household will still be at a corner solution and will optimally
choose only to consume all other goods. Consequently, any price de-
crease for long-distance from P, to a price greater than or equal to P,*
will result in no change in the household welfare because the utility-
maximizing consumption choice will not change. In contrast, the inte-
rior solution model assumes that the observed zeros in the household’s
consumption choice are unconstrained utility-maximizing choices, so
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Figure 1. Corner Solution in Actual Price (P,) and Interior Solution in Virtual Price
P,*)
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Source: See text for definitions and explanation.

any reduction in the price of long-distance service for this model will
result in welfare improvements to the consumer.

Whether separability of local and long-distance service from all other
goods is imposed on the household’s utility function can have large
effects on household-level welfare calculations. Both models show sub-
stantial evidence against the null hypothesis of separability of local and
long-distance service from all other goods. This result implies that, at
least for my dataset, to estimate consistently the parameters of the
household-level demand for local and long-distance service, a two-stage
budgeting approach that specifies the demand for local and long-dis-
tance service independent of the prices and expenditure on all other
goods should not be used.
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Distribution of Household-Level Telephone Expenditures

The dataset used here consists of quarterly observations on con-
sumption expenditures for local telephone service, long-distance ser-
vice, food, clothing, and other nondurable goods. The demand analysis
focuses on total nondurable consumption to avoid the issues associated
with the distinction between the price of the current period’s service
flow from a good and the purchase price of that good. This distinction
arises whenever the good purchased provides services for a longer time
than the period in which the purchase is observed (in this case a quarter).
By definition, this type of good is a durable good, hence my focus on
total nondurable consumption, which henceforth is referred to as total
expenditure.

The CES defines local telephone service as all expenditures for local
telephone service for that household. It includes the cost of local phone
service for all phones in all dwellings the household owns and any
installation charges associated with these phones that occur within the
sample quarter. Long-distance telephone service consumption is defined
as the total of all long-distance calling charges where the cost of a
single call is broken out in detail on the phone bill. Food consumption
is defined as all expenditures on food consumed both within and outside
the household (restaurant meals, for example). Clothing consumption
is the total of all clothing purchases made by the household during that
quarter. Other nondurable consumption is defined as spending on com-
modities such as gasoline, household heating fuel, electricity, trans-
portation services, and other nondurable consumption services. For this
analysis, all nominal magnitudes have been deflated to January 1988
dollars using the total nondurable goods price index from the BLS
Consumer Price Index Detailed Report.

To illustrate the features of the dataset that drive the demand system
estimation results, the distributions of local, long-distance, and total
telephone expenditures are decomposed across the sample of house-
holds by the quartiles of the total expenditure distribution. Total expen-
diture rather than the household income is used because for a large
fraction of households, income in a given time period is a very poor
predictor of the household’s total consumption expenditures during that
period. For the usual life-cycle, permanent-income considerations, total
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expenditure in any period is likely to be more highly correlated with
permanent income than with actual income for that period.'s

Quarterly Telephone Expenditures

The quartiles of the total quarterly expenditures distribution for my
sample of 11,467 households and the mean level of spending for each
quartile, in January 1988 dollars, are as follows:

Total quarterly

Quartile expenditures range Mean

1 Less than 1,688.00 1,192.43
2 1,688.00-2,594.36 2,126.83
3 2,594.37-3,787.27 3,127.46
4 More than 3,787.27 5,624.48

For each of these total expenditure quartile subsamples, I compute a
kernel estimate of the density of expenditures on local, long-distance,
and total telephone service.'® Figure 2 plots estimates of the density of
total quarterly local telephone expenditure for all of the quartiles of the
total expenditure distribution. The striking aspect of this figure is that
densities of local telephone expenditures do not vary much across the
quartiles of the total expenditure distribution. Even a comparison of
households in the first quartile with those in the fourth quartile reveals
small differences in the densities for local service expenditures. A very
different story emerges in figure 3, which plots kernel estimates of the
density of total quarterly expenditures on long-distance service. Each
density is generally shifted to the right of the density for the expenditure
quartile below it and is less positively skewed. This pattern indicates a
relatively expenditure-elastic demand for long-distance service. For
total quarterly telephone expenditures, given in figure 4, the density

15. This point is discussed by Lusardi (1993) for the CES and by Blundell, Pas-
hardes, and Weber (1993) for the Family Expenditure Survey, the United Kingdom’s
analogue to the CES.

16. Silverman (1986) provides a comprehensive discussion of kernel density esti-
mation. I use a Gaussian kernel and the automatic bandwidth selection procedure Sil-
verman recommends for all of the density estimates presented in this paper. Note,
however, that because of the local smoothing property of the kernel estimation process,
these densities can take on positive values for negative values of telephone expenditure
even though the actual data contain no negative values. In the limit, as the number of
observations tends to infinity, this estimated positive probability mass on negative values
would tend to zero.
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Figure 2. Densities of Household-Level Local Telephone Expenditure in January
1988 Dollars by Quartiles of Total Nondurable Expenditure Distribution
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shifts across expenditure quartiles in a pattern similar to the pattern for
long-distance service, although the increase in the positive skewness
associated with moving to a higher total expenditure quartile is much
less pronounced. The sample correlation between local and long-
distance telephone expenditures within the household is 0.17, which
implies a surprisingly small degree of positive linear dependence be-
tween these two components of the total telephone bill and explains
why the pattern of density shifts for total phone expenditures is less
pronounced than for long-distance expenditures.

Price Data Used in the Analysis

A major problem faced by all demand system studies using house-
hold-level data is the lack of a cross-section dataset of commodity prices
that can be linked to the sample of households; thus all price series used
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Figure 3. Densities of Household-Level Long-Distance Telephone Expenditure in
January 1988 Dollars by Quartiles of Total Nondurable Expenduture Distribution
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in these analyses vary only over time. Even if commodity-specific price
data were available at some degree of cross-sectional disaggregation,
say, at the state level, the analysis would be complicated by confiden-
tiality considerations that preclude the BLS from releasing any state
identifiers for a substantial fraction of household-level observations
(approximately a quarter of the households in this analysis, for exam-
ple). Until very recently, the BLS did not release information on state
identifiers for any households. The degree of geographic detail available
for all household observations is the census region. Although the BLS
does compute price indexes for food, clothing, and other nondurable
goods on a monthly basis for each of the four census regions, it com-
putes price indexes for local and long-distance service on a monthly
basis only at the national level. It is plausible to assume that all house-
holds face the same price for long-distance service because this product
is sold by firms serving the national market. The state-level regulatory
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Figure 4. Densities of Household-Level Total Telephone Expenditure in January 1988
Dollars by Quartiles of Total Nondurable Expenditure Distribution
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price-setting process makes this assumption less tenable for local phone
service, however. Nevertheless, the considerable amount of implicit
and explicit across-state communication among the regulatory bodies
in setting local service prices argues in favor of assuming that local
prices move together over time.

An additional problem with assigning local service prices to specific
households is that the price for local service often depends on where in
the local exchange carrier’s network a household is located. Many states
set the price of local service at the wire center level for each local
exchange carrier, depending on the supposed cost characteristics of that
wire center. Consequently, knowing the state or even the town in which
a household lives may not be enough to assign the correct price for
local service to many households in the sample.

Despite these arguments in favor of treating local service prices as
if they moved together over time for every household in the sample, I
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must acknowledge that for data availability reasons and confidentiality
considerations, the analysis makes this unsatisfying assumption. To
mitigate the effect of these data limitations, I introduce the possibility
of unobservable household-level prices for both local and long-distance
service into the boundary solution model of demand. In this way I
account for the concern that different households can face different
prices for local and long-distance service and that these differences may
be one reason why two very similar households—in terms of observable
characteristics—consume very different amounts of local and long-
distance service.

The maximum amount of meaningful price variation is introduced
into the analysis by using all available cross-sectional and time series
variation in the BLS price indexes. For food, clothing, and other non-
durable goods, I use the BLS price indexes for the census region in
which that household resides. For confidentiality reasons the BLS does
not report a census region of residence for rural households, so I use
the national price indexes for these three goods in this case. The initial
level of relative prices across the four census regions is unknown,
because, by construction, all four regional indexes are normalized to
equal one in the same base period; four census region dummies are
therefore included in each of the expenditure share equations. (The
excluded region is the rural region.) It is straightforward to show that
by including these regional dummies in each demand equation, I ac-
count for the unknown sample differences in relative prices across
regions in the base periods.

Although only a national price index is available for local and long-
distance service, the rolling panel nature of the CES data collection
process enables me to introduce some across-household variation for
the prices of these two goods and for the prices of food, clothing, and
other nondurable goods within a given quarter. Data for the CES is
collected on a monthly basis for each household for the consumption
amounts in the previous quarter. During any month, therefore, a dif-
ferent set of households is being retrospectively interviewed for their
consumption patterns in the previous quarter. Households usually
remain in the survey for three quarters and then exit. Because the
questionnaire is retrospective and because data for the BLS price-index
series are collected on a monthly basis, I use the price index for local
and long-distance phone service for the most recent month of the pre-
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Figure 5. Monthly Price Indexes for Nominal and Real Local and Long-Distance
Telephone Service
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vious quarter. For the three price indexes available at the census region
level, I use the value for the most recent month for the census region
in which that household resides. I deflate all five of the nominal monthly
commodity price indexes by the total nondurable consumption price
index described above to obtain real price indexes keyed to a January
1988 base period, so that the expenditure and price figures are
comparable.

Figure 5 plots the monthly nominal and real BLS price indexes for
local and interstate long-distance phone service from January 1988 to
January 1993.'7 (Recall that the real and nominal series for both local
and long-distance phone service are normalized to one in January 1988.)
The figure shows that although the nominal price of local phone service

17. The time series pattern of the BLS intrastate long-distance price index closely
tracks the BLS interstate long-distance price index over the sample period. The interstate
long-distance price index is used in this analysis because the vast majority of long-
distance calls are interstate calls. Experimenting with alternate composite indexes of
these two long-distance price indexes did not significantly change any of my estimation
results.
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increased over this time period, the real price remained almost constant
throughout this four-year period. The long-distance price index showed
modest nominal declines and substantial real declines during the sample
period. These price trends have continued for local service. Since dis-
count residential long-distance calling plans became widely available
in 1992, long-distance carriers have questioned the accuracy of the
long-distance price index. Fortunately, the sample period ends in the
first quarter of 1991, so this price index accuracy issue should not affect
my econometric modeling results.

Econometric Modeling Framework for Interior Solution Model

The econometric modeling framework must be sufficiently flexible
to encompass several empirical and theoretical considerations. The first
empirical consideration is the long history of work indicating nonhom-
othetic preferences. The most well-known result along these lines is
Engel’s Law, which states that the proportion of a household’s spending
devoted to food decreases as its total spending increases. Recent re-
search provides evidence against traditional Engel curve representations
with budget shares as linear in the log of total expenditure, as first
specified by Working and Leser.'® Given the strong empirical evidence
against homotheticity, I must select an underlying household-level util-
ity function that is nonhomothetic and allows for budget shares that are
nonlinear functions of the log of total expenditure.

From the theoretical perspective, there are several requirements for
my underlying utility function. The first is the ability to impose the
restrictions implied by utility-maximizing behavior on the demand func-
tions estimated in a data-independent fashion. The second requirement
is second-order flexibility of the underlying utility function, which
essentially means that for any point in the data space, the functional
form can exactly reproduce any theoretically possible value of the func-
tion, its gradient, and matrix of second-partial derivatives through
appropriate choice of the parameters of the functional form. The final
theoretical requirement is the ability to impose the restrictions implied

18. See Working (1943) and Leser (1963). Deaton and Muellbauer (1980) survey
the evidence against homethetic preferences. Bierens and Pott-Buter (1990) and Haus-
man, Newey, and Powell (1995) are representative of the most recent line of research.
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by separability of local and long-distance phone service from all other
commodities in a data-independent manner using restrictions on the
parameters of the demand system. In this way, the null hypothesis of
separability can be tested using conventional parametric hypothesis
testing techniques.

The translog is one functional form that satisfies these theoretical
and empirical considerations. I utilize duality theory to recover the
parameters of the indirect utility function from the Marshallian demand
functions because I have observations on price indexes associated with
the five goods consumed. (Quantity indexes would be required to re-
cover estimates of the parameters of the direct utility function for the
cases in which the underlying utility functions are not self-dual in the
sense discussed by Houthakker.'?)

I now describe the translog indirect utility function and discuss how
to impose the restrictions implied by optimizing behavior on the demand
functions estimated. These restrictions are, first, homogeneity of degree
zero of the demand functions in prices and total expenditure; second,
symmetry of the Slutsky matrix (the matrix of compensated own- and
cross-price effects); and, third, quasi-convexity of the indirect utility
function in the prices, which is equivalent to negative semi-definiteness
of the Slutsky matrix.

In the following notation, let p; denote the price of good i, x; the
quantity of good i consumed, and M the total expenditure. In this
notation

N p X
M = zpix,andw, =y
where w, is the share of total expenditure spent on the ith good and N
is the total number of goods consumed. The translog indirect utility
function for this notation is

N N
i Pi p;
(1) In[VP,M)] = o + ; a 1n(1‘:—4) 52 2 B, 1n(n—4) ln(n—/})
where P = (p,,p,,...,Py) is the vector of prices for the N goods. Ap-

19. Houthakker (1965). Jorgenson and Lau (1975) provide a detailed discussion of
the data requirements for estimating direct and indirect utility functions for general
preference structures.
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plying the logarithmic version of Roy’s Identity to this indirect utility
function yields share equations

(2) w(P,M) = (i=1,...,L).

Roy’s Identity implies that if V(P,M) is a proper indirect utility func-
tion, then the right-hand side of equation 2 is the value of w,(P,M) that
maximizes utility subject to the household’s budget constraint. Unfor-
tunately, Roy’s Identity does not imply the constraint that this maxi-
mizing value of w,(P,M) is nonnegative. This possibility is accounted
for explicitly in the boundary solution model, but for the interior solu-
tion model, I must assume that the application of Roy’s Identity to the
indirect utility function at the prevailing prices and total expenditure
level always yields nonnegative shares.

Because share equation 2 is homogeneous of degree zero in the
parameters o, and 3, a single normalization restriction must be im-
posed to identify the remaining parameters. The usual restriction is to
impose

Ea,= - 1.

i=1

By inspection, the share equation is homogeneous of degree zero in the
vector of prices P and total expenditure M, so that homogeneity imposes
no restrictions on the parameters of the model. The Slutsky matrix is

3 §S=II" ——-I—(I — w')’'A

DD o = w') + ww’ — W I,

where IT is the (N X N) diagonal matrix with (p,/M) as the ith diagonal
element, w = (w,,w,,...,wy), A, is an (N X N) matrix with B, as the
(i,j)th element, W is the (N XN) diagonal matrix with w, as the ith
diagonal element and v is an N-dimensional vector of ones.?® The func-

20. For more details, see the discussion of the Slutsky matrix in Jorgenson, Lau,
and Stoker (1982).
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tion D(P,M) is the denominator of the fraction on the right-hand side
of equation 2. This expression implies that symmetry of S is equivalent
to the symmetry of A, which holds if 3,, = B, for all i and j. Equation
3 also shows that the quasi-convexity of the indirect utility function in
prices (which implies that S is negative semi-definite) is a data-depen-
dent restriction. The S explicitly depends on the observed prices,
shares, and total expenditure. Consequently, my strategy is to estimate
the model without imposing this restriction. Given the parameter esti-
mates obtained, I check to see whether this constraint holds for each of
the points in that dataset before performing the welfare calculations for
that observation, because it makes little economic sense to perform
these welfare calculations for observations failing the conditions for
integrability.

Because across-household differences in consumption patterns are
used to identify the parameters of the demand systems, I want to dis-
tinguish between consumption differences attributable to differences in
prices and total expenditure and those attributable to differences in
household characteristics. For this reason household demographic char-
acteristics are included in the translog indirect utility function. For these
differences to be econometrically identified, they must enter interacted
with functions of prices and total expenditure. Defining A, as the kth
demographic characteristic and A as the K-dimensional vector of these
characteristics, the translog indirect utility function with demographic
characteristics becomes

4) In[V(P,M,A)] E ( ) +

Applying the logarithmic version of Roy’s Identity, the translog share
equations become

5 wi(P,MA) =
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The assumption of utility-maximizing behavior does not impose any
restrictions on the ;.. To compute the Slutsky matrix for this demand
system, the variable D(P,M) in equation 3 now becomes D(P,M,A) and
is given by the denominator of equation 5.

To estimate the interior solution demand system, I must specify a
stochastic structure that accounts for differences between the observed
expenditure shares and those predicted by the share equations in equa-
tion 5. To allow for these differences, I append to the share equations
additive mean zero errors €,, which can be correlated with the errors
from the other share equations for a given household, yet are indepen-
dently distributed across households. This implies that the observed
expenditure shares, w, (i=1,...,N), satisfy the equation w, =
w,(P,M,A) + €,, where w,(P,M,A) is defined in equation 5. If ¢ =
(€,,€,,...,€y) is the vector of share disturbances for a given household,
I assume that E(e¢) = 0 and E(ee’) = Q(P,M,A), where Q(P,M,A) is
some matrix that depends on the prices, total expenditure, and house-
hold characteristics associated with that observation. I interpret € as the
unobservable (to the econometrician) portion of the household’s indirect
utility function, so the general form for the household-level indirect
utility function is V(P,M,A,€). Brown and Walker show that under this
interpretation for the stochastic structure of a demand system and as-
sociated indirect utility function, the vector of additive share equation
disturbances, €, should be heteroskedastic conditional on prices and
total expenditure.?' For this interior solution version of the demand
system, I must assume that the application of the logarithmic version
of Roy’s Identity to In[V(P,M,A,e€)] yields observed optimizing shares
that are nonnegative. To be more precise, the interior solution model
assumes that a household’s observed vector of demands, x*, is the
solution to

N
max U (x,A,€) subject to 2 pxi = M,
X i=1
where U(x,A,€) is the household’s direct utility function. The interior
solution model imposes the household’s budget constraint only on the
set of feasible demands.
Choosing a specific functional form for the way in which € enters

21. Brown and Walker (1989).
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the indirect utility function would imply a specific functional form for
the dependence of () on P and M. This dependence could be exploited
to yield more efficient estimates of the parameters of the model. If the
functional form for the matrix (Q(P,M,A) is incorrect, however, this
approach would adversely effect the consistency of the estimates of the
parameters of the indirect utility function. Consequently, my strategy
is to assume that a portion of the household’s indirect utility function
is unobservable so that the utility function takes the form V(P,M,A,€)
and to acknowledge the results of Brown and Walker in the estimation
process. I do not, however, explicitly model how e enters the indirect
utility function. Instead, I require only that it enter in a way that yields
additive disturbances to the share equations that satisfy the moment
restrictions for € given above.

To investigate the empirical importance of these considerations, I
test for the existence of heteroskedasticity (which depends on P and M)
in disturbances to the share equations. If there is evidence of the de-
pendence of ) on these variables, rather than selecting a parametric
model for this dependence and reestimating the model, my strategy is
to construct standard error estimates that are consistent in the presence
of this form of heteroskedasticity. As a result, although the parameter
estimates would be less efficient, all of the inferences would be based
on asymptotically valid standard error estimates. Because the parame-
ters of the interior solution version of the demand system can be con-
sistently estimated by imposing only the assumed orthogonality restric-
tions between € and the log-prices, log-total expenditure, and the
demographic characteristics, this modeling approach seems to be the
best research strategy to balance the competing goals of parametric
flexibility and precise estimation of the parameters of the model given
my relatively large sample.

The final issue in making the stochastic structure consistent with
utility maximization is that summability of the observed budget shares
implies that the sum of the €, over all goods is identically zero. In terms
of the earlier notation, this restriction is v'e = 0, which implies
VQ(P,M,A) = 0. This restriction turns 3(P,M,A) into a matrix of rank
N —1. To estimate this model, I simply drop one of the share equations
and estimate parameters of the demand system using the remaining
N—1 system of share equations. So long as I use a quasi-likelihood
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function approach to estimate the model, the parameter estimates will
be invariant to the share equation that is dropped.

I use the multivariate normal density to construct the quasi-likelihood
function.?* This quasi-maximum likelihood approach is a general esti-
mation strategy that is consistent with utility-maximizing behavior, yet
one that does not require a specific distributional assumption for € or a
parametric form for the dependence of ) on P, M, and A to obtain
consistent estimates of the parameters of the demand system and to
make asymptotically valid inferences about the parameters of the de-
mand system.

Defining the multivariate normal quasi-likelihood function requires
the following notation. Define y, to be the (N — 1)-dimensional vector
of expenditure shares for the jth household and f;(P/,M’,A’,0) to be the
(N —1) dimensional vector of fitted expenditure shares, which are func-
tions of prices, expenditure, and household characteristics for the jth
household. Let J denote the total number of households in the sample.
In this notation 6 denotes the vector of parameters of the demand system
to be estimated. To compute the quasi-maximum likelihood estimate of
6, I maximize

L(8,Q) = — JIN= DIn(2w) — %lndet(ﬂ)

|
M~

N | -

by — SPLMLAOQ [y, — f (PM,A6)]

J

with respect to 8 and the parameters of the matrix ().

To test the null hypothesis of homoskedastic disturbances to the share
equations, I perform the kurtosis-consistent version of the Bruesch and
Pagan Lagrange Multiplier test for homoskedasticity against the alter-
native that the variance of the disturbances to each share equation
depends on prices and total expenditure, as the results of Brown and
Walker imply.* This test is implemented by taking the residuals from
the quasi-maximum likelihood estimation of each of the share equations

22. Gourieroux, Monfort, and Trognon (1984) prove the consistency of these quasi-
(or pseudo-) maximum likelihood estimators for the parameters of my demand system,
and White (1982) provides consistent standard error estimates under the moment con-
ditions I specify for e.

23. Bruesch and Pagan (1979) and Brown and Walker (1989).
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and regressing these residuals squared on a constant, the log prices, log
total expenditure, and all of the unique cross-products of these log
prices and log total expenditure. Taking J times the R* from this regres-
sion yields the Lagrange Multiplier statistic, which is asymptotically
distributed as x2 with degrees of freedom equal to /2[(N + 1) — (N + 1)]
+ 2(N+ 1), where N is the number of goods in the model. For my five-
good model, this number is 27.

Econometric Modeling Framework for Boundary
Solution Model

The major difference between the interior solution model and the
boundary solution model is that the latter explicitly accounts for the
fact that at the prevailing prices, a household may have a notional
demand for some good—that obtained from maximizing utility subject
only to the household’s total expenditure constraint—that is negative.
For those households, the requirement that demands must be nonnega-
tive implies that the household’s observed vector of demands, x*, is
the solution to

N
(6) max U(x,A,€) subject to 2 px; = M.
x =0 i=1
The boundary solution model explicitly imposes nonnegativity con-
straints, in addition to the household’s budget constraint, on the set of
feasible demands.

This model accounts for the possibility given in figure 1. Zero con-
sumption occurs because the actual prices of nonconsumed goods are
greater than the virtual prices for these goods—those prices that yield
unrestricted demands for nonconsumed goods exactly equal to zero. A
rigorous definition of virtual prices follows. Writing the objective func-
tion for optimization problem 6 yields

i=1 i=1

(7) Z = UkAe + A(M _ p,xf) + 2 Ui,

where A is the Lagrange Multiplier associated with a household’s budget
constraint and the ¢, (i=1,...,N) are Kuhn-Tucker multipliers associ-
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ated with the nonnegativity constraints on the demands x; (i=1,...,N).
Assuming that the household does not consume the first L goods
(x;* = O0fori=1,...,L), the first-order conditions for equation 7 are

a ’A’ ]
_U_(x__e_)—KPf+¢f=0, ¥, =0,i=1,..L,
0x;
oU(x,A, i
'—(g_’—ez— 7\p,~=0, j=L+1,...M,
. ,

j
N
and z px. =M, \N>0.

Jj=L+1

Neary and Roberts 2* show that if U(x,A,€) is continuous and strictly
monotonic, then the virtual prices for the first L goods are

. 0U(x,A,
® pp) = p, - W= WEAD ),

NaU(x,A,e)/aU(x,A,e) =10
0x; 0x;

Under these conditions on U(x,A,€), the demand for good i is zero if
and only if the virtual price for the good, p:(p), is less than or equal to
the actual price of the good, p,, because A > 0 (by strict monotonicity
of the utility function) and {; = O if and only if the constraint x, = 0
holds as the equality x; = 0.

Note that a household’s utility function depends on €, the unobserved
portion of the household’s utility function, so determining whether a
virtual price for a good is less than or equal to its actual price—whether
the household consumes some quantity of this good—requires explicit
specification of the dependence of the utility function on the vector €.
Values for these disturbances that imply virtual prices less than actual
prices yield zero realized demands. Determining the likelihood function
value for households with zero consumption of one or more goods
requires integrating over the set of values of €, giving rise to virtual
prices less than or equal to actual prices for those goods not consumed
by that household. Therefore both the dependence of the indirect utility

24. Neary and Roberts (1980).
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function on the disturbances and a specific distributional assumption
for these disturbances are required to compute the likelihood function
necessary to estimate the parameters of the household’s indirect utility
function for the boundary solution approach. In contrast to the interior
solution model, the boundary solution model has a firm foundation in
economic theory, with the cost being more stringent assumptions on
the stochastic structure of the model.

The development of the likelihood function follows the general ap-
proach given in Pitt and Lee, who present a theoretical framework for
estimating demand systems with binding nonnegativity constraints.> I
use the dual approach and specify an indirect utility function where the
dependence of In[V(P,M,A,v)] on v, the N-dimensional vector of dis-
turbances, takes the following form:

[VP.MAV)] = o + 2 o, ln(&)
) +-2 28, ln(&) 1n(&)

+ i i nikln(ﬁ—/}) A, + i viln(&).

-1 M

Applying the logarithmic version of Roy’s Identity to this indirect utility
function yields a household’s potentially negative virtual demands:

N K
w + > B2 + D A, + o,
=1 M k=1

(10) W,*(P,M,A,Vi) =

2 o + E 2 Bkjln(&) + E E NuAy

When these share equations are related back to those given in equation
5, it can be seen that the additive disturbance for the interior solution
model, €,, equals v,/D(P,M,A), where D(P,M,A) is the denominator for
the right-hand side of equation 10. This is consistent with the results of
Brown and Walker who find that an additive disturbance to the share

25. Pitt and Lee (1986).
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equation must be heteroskedastic conditional on prices, total expendi-
ture, or both to be consistent with the hypothesis of utility maximiza-
tion.?® [ impose the same normalizations on the «, (their sum over i
equals —1) and on the v, (their sum over i equals 0) as in the interior
solution model. The restriction on the v, implies that the covariance
matrix of this N-dimensional vector has rank N— 1. Let 2 denote the
covariance matrix of the N — 1 dimensional vector v = (v,,v,,...,vy_,).

Because the translog indirect utility function satisfies the Neary and
Roberts regularity conditions given above, the decision rule determin-
ing zero consumption of a good by a household is that the good’s virtual
price is less than or equal to its actual price. In this case, the demands
for the remaining goods are derived from the budget-constrained utility
maximization problem subject to the constraint of zero demands for
those goods whose virtual price is less than the actual price. Equiva-
lently, as equation 8 illustrates, the remaining demands can be deter-
mined from substituting the virtual prices for the goods not consumed
and the actual prices of goods consumed into the demand functions for
the goods that are consumed. If all virtual prices are greater than their
respective actual prices, then all observed demands are positive.

The use of virtual prices is nothing more than a simplified mathe-
matical technique for deriving the nonnegativity-constrained utility-
maximizing level of demand for a specific value of v, given a house-
hold’s stochastic indirect utility function. Because I can observe which
of the goods the household does not consume, I know that the virtual
price for each of these goods is less than the actual price. This inequality
constraint on the virtual demands, however, gives only a set of ine-
qualities on the errors to the share equations with zero expenditures.
The remaining equations of the demand system also contain these same
share equation errors because the virtual prices, which depend on these
errors, enter each of these equations. Consequently, to compute the
likelihood function value for households with zero observed demands
for some goods, I must integrate with respect to the unobserved share
equation errors, v, over the set of values that generate virtual prices
less than or equal to actual prices for those goods with zero observed
demands.

Appendix 1 describes the computation of the likelihood function for

26. Brown and Walker (1989).
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three classes of observations—no zeros, one zero, and two zeros. No
observations in the sample have more than two zeros. The case of no
zeros is very similar to the quasi-likelihood function given for the
interior solution model, with the exception of a Jacobian term because
the boundary solution model requires an explicit specification of the
dependence of additive share equations on P, M, and A. Computing the
likelihood function for a single zero requires a univariate integration
with respect to v,, the disturbance to the expenditure share equation
with zero demand. Two zeros require a bivariate integration with re-
spect to v, and v,, the disturbances to the two expenditure share equa-
tions with zero demands. The likelihood function for the complete
sample is the product of likelihoods associated with all of the house-
holds in the sample.

To complete the specification of the likelihood function, I assume
that there is a joint distribution of the prices of local and long-distance
service for the sample of households. The observed price indexes for
local and long-distance service are assumed to be the means of these
distributions for each household. Let p’ denote the observed price of
local service and p“ the observed price of long-distance service to a
household. Specifically, I assume that the actual prices faced by the
household satisfy the relations p(act)’ = p'0 and p(act)? = p*y, where
E®) = 1 and E(y) = 1 and the random vector (8,7v) is independent
and identically distributed across households. I further assume that
(8,7y) possesses a discrete distribution {3,,0,,y,} (i=1,...,L). Because
there is good reason to believe that the distribution of prices differs
across households in urban versus rural areas, I use two different dis-
crete joint distributions for household-level local and long-distance
price heterogeneity depending on whether the household is located in a
rural or an urban area.?’” To determine the likelihood function for a
single observation under this assumption, for no, one, or two zeros, I
compute the summation

27. Telephone companies serving sparsely populated rural areas primarily serve
residential customers, while companies in urban metropolitan areas obtain a significant
fraction of their revenues from business customers and network services not demanded
in rural areas. These differences in pricing incentives and product offerings should result
in different distributions of across-household price heterogeneity for local service and
long-distance service for these two geographic areas.
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H
(1) LW3A) = ) SL.(p0; piye.ppe.p” MATS),
k=1

where the price vector faced by the household is P =
(p'0",p'y",p',p,p°), L.(w|P,M,A) is one of the three likelihood function
values given in appendix | for z = 0, 1, or 2, and A is a 2 X 3H-
dimensional vector of the &, 87, and y,. The " accounts for my assump-
tion of different distributions of price heterogeneity in urban versus
rural areas; these differences mean that the likelihood function also
differs across these two geographic areas. I assume the value H=2 in
the estimation for both the urban and rural price heterogeneity distri-
butions. The log-likelihood function for all observations is the loga-
rithm of the sum of these terms, where L. is replaced by the value
relevant for the number of zeros in each observation (z=0,1,2). I then
maximize the log-likelihood function with respect to the parameters T
(of the indirect utility function), 2 (covariance matrix of v), and A (the
parameters of the joint distributions of (6”,y"), r = urban and rural)
subject to the constraints

H H H
282 =1, 28&; = l,andZBky{, =1,
k=1 k=1 k=1

which correspond to the constraints that probabilities sum to one, E(6")
= 1l and E(y") = 1, for both rural and urban households. Consequently,
the estimation procedure also accounts for the potential that different
households face different prices and that the across-household distri-
bution of these prices differs between urban and rural households.
The estimation is substantially more computationally intensive than
for the interior solution model because computing the likelihood func-
tion contribution for households with zero consumption in one or two
goods requires the computation of either a univariate or bivariate inte-
gral, and these observations make up more than 10 percent of the
sample. Table 1 gives the breakdown of zeros for the sample. The
diagonal elements give the number of single-zero observations for each
good, and the off-diagonal elements, the number of two-zero observa-
tions for each combination of row and column label. The vast majority
of single zeros are associated with long-distance expenditures. Clothing
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Table 1. Joint Empirical Distribution of Zero Expenditures

Good Local Long-distance Food Clothing Other
Local service 146

Long-distance 4 999

Food 0 0 0

Clothing 8 209 0 712

Other 0 0 0 0 0
Total 158 1,208 0 712 0

Source: Author’s calculations
Note: 11.467 total observations: 9,389 all-positive observations.

is a close second, and local service a distant, but still significant, third.
There are a few two-zero observations, with the most common pair
being long-distance service and clothing purchases. Because of this
fact, the boundary solution and interior solution models recover very
different preference structures for these two goods, and these differ-
ences have important implications for the subsequent welfare calcula-
tions for the multiple price-change scenarios. The significant number
of households consuming zero of at least one good points out the po-
tential importance of properly accounting for these boundary solutions
in the empirical work. I now turn to a discussion of my empirical results
for both models.

Estimation Results

I now describe the specific household characteristics entering into
the models, the estimation procedures and their output, and the results
of the separability tests for both models.

In choosing household characteristics to include in the vector A =
(A,A,,...,Ay), I attempt to control for across-household differences in
the preferences for goods that do not depend on the prices faced by the
household or its total expenditure. The age and age-squared of the head
of household are included, because I anticipate cohort differences in
the demand for telephone service. Dummies for whether the household
contains a working head and a working spouse are included, because
there is strong evidence (which I confirm) that employment status and
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hours of work affect consumption patterns.>® For this same reason I
also include variables measuring the number of hours worked annually
by the head and by the spouse.

To account for differences in the geographic location of households
to the extent possible given confidentiality constraints and to account
for the unobservable base-period across-region relative prices for food,
clothing, and other nondurable goods discussed earlier, I include a
dummy for each of the four census regions, with the excluded group
those households living in rural areas. Because I believe that a house-
hold’s demographic composition influences its preferences, I include
variables measuring the total number of people in the household, the
number of people sixty-five years old and over, and the number of
males and the number of females between two and fifteen years old.
Dummy variables indicate race and educational status; specifically, I
include dummy variables for whether the head of household is white,
a high school graduate, and a college graduate. Finally, I include in-
dicator variables for whether the household head is a female, single,
and works in a professional occupation as defined by the CES. Although
other household characteristics could have been included, preliminary
model estimations indicate that these variables are sufficient, relative
to models with more household characteristics included, to explain
much of the across-household differences in consumption not attribut-
able to differences in prices and total expenditure.

Table 2 presents the quasi-maximum likelihood estimates of the pa-
rameters of the interior solution demand system in terms of the notation
for the translog indirect utility function given in equations 4 and 5.
Table 2 also contains the maximum likelihood parameter estimates for
the boundary solution model in terms of the notation given in equations
9 and 10. Both models are estimated with the summability, homogene-
ity, and symmetry restrictions imposed so that the resulting demand
systems can be used to perform welfare calculations. Formal statistical
tests of these restrictions yield little evidence against their validity for
either model. Despite the price data used, both models yield fairly
precisely estimated own-price effect coefficients and some precisely
estimated cross-price effects. The very small standard errors relative to

28. See, for example, Browning and Meghir (1991).
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Table 2. Coefficient Estimates for Interior and Boundary Solution Models

Estimates (standard errors)

Interior Boundary
Coefficient solution model solution model
N
Bri = E B, assuming B; = B;
i=1
a, 0.0186 —-0.0210
(0.00154) (0.000521)
ap —~0.0349 —0.0164
(0.00391) (0.00107)
a, -0.277 -0.318
(0.0188) (0.00583)
a —-0.152 -0.117
(0.0120) (0.00452)
B —0.00207 —0.00686
0.0112) (0.000979)
Beo —0.00102 0.00505
(0.00471) (0.000431)
B, —0.00646 —0.00549
(0.0101) (0.00188)
Bre —0.00527 —-0.0000714
(0.00538) (0.000935)
Boo 0.0190 0.00612
(0.00592) (0.000527)
Bor —0.0348 —0.00120
0.0141) (0.00150)
Boe —0.0126 ~0.00405
(0.00849) (0.000638)
B,r 0.122 —-0.0275
(0.0643) (0.0233)
Bre —0.0671 —0.00878
(0.0313) (0.0108)
Bee 0.107 0.0365
(0.0277) (0.00900)
B —0.00992 —0.00394
(0.00154) (0.000120)
Ban 0.000407 —0.0000436
(0.000762) (0.000201)
B 0.0342 0.0231
(0.00862) (0.00105)
Buc: 0.0494 0.0284
(0.00714) (0.000797)
Buro 0.159 0.0870
0.0231) (0.00119)

(continued)
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Coefficient

Estimates (standard errors)

Interior
solution model

Boundary
solution model

Local share equation
N k=12,...K

Age of head X 102

(Age of head)® x 10-*

Number in household

Members = 65 years old

Head white (dummy)

Head female (dummy)

Head college graduation (dummy)
Head HS graduate (dummy)

Head single (dummy)

Head professional (dummy)

Head hours worked a year (dummy)
Spouse hours worked a year (dummy)
Head nonworker (dummy)

Spouse nonworker (dummy)

Males ages 2 through 15

Females ages 2 through 15
Northeast (dummy)

North Central (dummy)

South (dummy)

West (dummy)

~0.000811
(0.0102)
~0.000661
(0.0104)
~0.00112
(0.000302)
—0.000348
(0.000726)
0.000732
(0.000696)
0.00000442
(0.000780)
0.00132
(0.00111)
0.000377
(0.000724)
0.0000791
(0.00125)
0.0000859
(0.000779)
~0.00419
(0.00481)
~0.000113
(0.00478)
0.00198
(0.00110)
0.000199
(0.00115)
0.00116
(0.000423)
0.000617
(0.000374)
0.00320
(0.00146)
0.00185
(0.00107)
0.00222
(0.00110)
0.00318
(0.00106)

0.0277
(0.00191)
—0.0290
(0.00207)
0.000283
(0.0000699)
0.000711
(0.000155)
0.00132
(0.000153)
0.000106
(0.000148)
0.00102
(0.000184)
0.000541
(0.000144)
0.00437
(0.000238)
0.000000675
(0.000132)
0.0000326
(0.000794)
0.00812
(0.00106)
0.000163
(0.000228)
0.00199
(0.000226)
—0.000214
(0.000124)
—0.000166
(0.000125)
0.00318
(0.000233)
0.00147
(0.000185)
0.00168
(0.000191)
0.00256
(0.000201)
(continued)
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Table 2. Continued

Estimates (standard errors)

Interior Boundary
Coefficient solution model solution model
Long-distance share equation
Mo k=12, ... K
Age of head X 1072 0.0385 0.0115
(0.0125) (0.00391)
(Age of head)> x 104 —0.0157 —0.00535
(0.0123) (0.00429)
Number in household —0.00311 —0.000180
(0.000719) (0.000125)
Members = 65 years old —0.000313 0.000439
(0.000839) (0.000287)
Head white (dummy) —0.000193 0.000765
(0.00109) (0.000289)
Head female (dummy) —0.00292 —0.000847
(0.00120) (0.000265)
Head college graduate (dummy) —0.00329 —0.00125
(0.00174) (0.000340)
Head HS graduate (dummy) —0.000393 —0.00000832
(0.000893) (0.000275)
Head single (dummy) —0.00141 0.00325
(0.00200) (0.000428)
Head professional (dummy) 0.000657 0.0000482
(0.00116) (0.000247)
Head hours worked a year 0.00962 0.000329
(0.00708) (0.0000146)
Spouse hours worked a year 0.00992 0.0102
(0.00718) (0.00183)
Head nonworker (dummy) 0.00555 —0.0000313
(0.00182) (0.000429)
Spouse nonworker (dummy) 0.0000657 0.00164
(0.00171) (0.000386)
Males ages 2 through 15 0.00494 0.000515
(0.00104) (0.000208)
Females ages 2 through 15 0.00388 0.000891
(0.000884) (0.000215)
Northeast (dummy) 0.0106 0.00442
(0.00216) (0.000413)
North Central (dummy) 0.00938 0.00418
(0.00171) (0.000315)
South (dummy) 0.00768 0.00284
(0.00169) (0.000315)
West (dummy) 0.00296 0.00212
(0.00179) (0.000321)

(continued)
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Table 2. Continued

Estimates (standard errors)

Interior Boundary
Coefficient solution model solution model
Food share equation
Mok =12,... K
Age of head x 102 —0.00121 0.348
(0.149) (0.0207)
(Age of head)® x 104 —0.00822 —0.347
(0.144) (0.0221)
Number in household —0.0194 0.00427
(0.00540) (0.000710)
Members = 65 years old —0.0135 0.00519
(0.0122) (0.00160)
Head white (dummy) —0.0388 —0.00487
(0.0118) (0.00173)
Head female (dummy) 0.0356 0.0137
(0.0131) (0.00155)
Head college graduate (dummy) 0.0356 0.0220
(0.0179) (0.00192)
Head HS graduate (dummy) 0.0147 0.0102
(0.0107) (0.00152)
Head single (dummy) —0.00543 0.0682
(0.0245) (0.00228)
Head professional (dummy) 0.00618 0.00394
(0.0136) (0.00135)
Head hours worked a year 0.00760 0.0439
(0.0779) (0.00794)
Spouse hours worked a year —-0.0113 0.129
(0.0974) (0.00982)
Head nonworker (dummy) 0.0307 0.00731
(0.0173) (0.00179)
Spouse nonworker (dummy) -0.0134 0.0250
(0.0240) (0.00207)
Males ages 2 through 15 0.0104 —0.00957
(0.00860) (0.00119)
Females ages 2 through 15 0.000764 —0.00696
(0.00632) (0.00127)
Northeast (dummy) —0.0181 0.0246
(0.0293) (0.00226)
North Central (dummy) 0.0158 0.0190
(0.0182) (0.00182)
South (dummy) 0.0295 0.0272
(0.0177) (0.00185)
West (dummy) —0.0246 0.00836
(0.0220) (0.00194)

(continued)
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Coefficient

Estimates (standard errors)

Interior

solution model

Boundary
solution model

Clothing share equation
Newk =1,2,...,K

Age of head X 102
(Age of head)®> x 104
Number in household
Members = 65 years old
Head white (dummy)

Head female (dummy)

Head college graduate (dummy)

Head HS graduate (dummy)
Head single (dummy)

Head professional (dummy)
Head hours worked a year
Spouse hours worked a year
Head nonworker (dummy)
Spouse nonworker (dummy)
Males ages 2 through 15
Females ages 2 through 15
Northeast (dummy)

North Central (dummy)
South (dummy)

West (dummy)

0.216
(0.0344)
~0.164
(0.0316)
0.00194
(0.00125)
~0.000607
(0.00263)
0.00546
(0.00278)
~0.0205
(0.00440)
~0.00465
(0.00527)
0.0000472
(0.00252)
0.0148
(0.00639)
~0.0137
(0.00433)
~0.0274
(0.0245)
0.0342
(0.0280)
0.00264
(0.00480)
0.00910
(0.00626)
0.00468
(0.00235)
~0.00180
(0.00211)
~0.00977
(0.00715)
~0.00719
(0.00471)
0.000360
(0.00474)
0.000360
(0.00474)

0.174
(0.0161)
-0.138
(0.0176)
0.00459
(0.000517)
0.000107
(0.00112)
0.00714
(0.00117)
—0.00953
(0.00106)
—0.000484
(0.00133)
0.000387
(0.00113)
0.0284
(0.00168)
—0.00693
(0.000990)
-0.0171
(0.00566)
0.0641
(0.00703)
—0.00470
(0.00176)
0.0175
(0.00158)
—0.00144
(0.000863)
—0.00306
(0.000834)
0.0000689
(0.00163)
—0.00288
(0.00132)
0.00294
(0.00133)
0.00271
(0.00143)
(continued)
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Coefficient

Estimates (standard errors)

Interior
solution model

Boundary
solution model

Other share equation
Now k =12, ... K

Age of head X 10-2
(Age of head)®> x 10~#
Number in household
Member = 65 years old
Head white (dummy)

Head female (dummy)

Head college graduate (dummy)

Head HS graduate (dummy)
Head single (dummy)

Head professional (dummy)
Head hours worked a year
Spouse hours worked a year
Head nonworker (dummy)
Spouse nonworker (dummy)
Males ages 2 through 15
Females ages 2 through 15
Northeast (dummy)

North Central (dummy)
South (dummy)

West (dummy)

0.116
(0.173)
-0.212
(0.165)
0.00323
(0.00485)
~0.0189
(0.0159)
—~0.0526
(0.0147)
—0.00298
(0.0158)
0.0138
(0.0243)
—0.00938
(0.0133)
0.0445
(0.0304)
0.00779
(0.0178)
0.0422
(0.101)
0.0630
(0.133)
0.0712
(0.0223)
0.0253
(0.0301)
0.0219
(0.00968)
0.00590
(0.00761)
0.0381
(0.0368)
0.0577
(0.0244)
0.0840
(0.0246)
0.0511
(0.0260)

0.630
(0.0233)
—0.661
(0.0249)
0.0192
(0.000809)
0.00642
(0.00178)
—0.00484
(0.00188)
—0.00169
(0.00168)
0.0200
(0.00212)
0.00273
(0.00170)
0.130
(0.00273)
0.00272
(0.00153)
0.0294
(0.00914)
0.277
(0.0118)
—0.00236
(0.00251)
0.0684
(0.00271)
—0.00830
(0.00139)
—0.00812
(0.00139)
0.0521
(0.00250)
0.0409
(0.00203)
0.0527
(0.00208)
0.0445
(0.00215)
(continued)



310 Brookings Papers: Microeconomics 1996

Table 2. Continued

Estimates (standard errors)

Interior Boundary
Coefficient solution model solution model
Price heterogeneity probability
and support point estimates
Ty Urban 0.0466
(0.00252)
T2y Raral 0.0452
(0.00530)
012 Urban 1.05
(0.00271)
0\, roral 1.05
(0.00560)
02, Urban 0.0633
(0.0181)
[ 2 0.0421
(0.0139)
Y15 urban 1.05
(0.00275)
Y15 Rural 1.05
(0.00574)
Y25 Urban 0.0196
(0.00875)
Y25 Rural 0.0150
(0.00736)

Source: Author’s calculations. L = local service, D = long-distance service, F = food, C = clothing, O = other, and
M = total expenditure.

coefficient estimates for the vast majority of demographic variables
imply that these variables substantially improve the explanatory power
of both demand systems. A Wald test of the null hypothesis that all
demographic variables do not enter any of the share equations is over-
whelmingly rejected for both models.

Table 3 reports the Lagrange Multiplier statistics against heteroske-
dasticity of the elements of € conditional on the log of prices and log
total expenditure for all five share equations for the interior solution
model. For all share equations the test statistic is substantially larger
than the critical value for any conventional size hypothesis test. This
result provides strong evidence against homoskedastic error variances
relative to the alternative hypothesis of heteroskedasticity conditional
on log prices and log total expenditure; that finding is implied by my
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Table 3. Share Disturbance Heteroskedasticity Test, Lagrange Multiplier Test
Statistics for Interior Solution Model

Share equation Model
Local expenditure 268.38
Long-distance expenditure 101.94
Food expenditure 288.16
Clothing expenditure 164.80
Other nondurable expenditure 288.08

Source: Author’s calculations.
Note: x%7 (@ =0.05) = 40.11, x*» («=0.01) = 46.96.

approach to including € as an unobservable vector of household-level
variables in the indirect utility function in a manner consistent with
utility-maximizing behavior.

For this reason, the standard errors given in table 2 are computed
from the heteroskedasticity-consistent quasi-maximum likelihood co-
variance matrix estimates given by White.?® Because of the presence of
heteroskedasticity, comparing values of the quasi-maximum likelihood
objective function cannot be used to compute valid test statistics, so all
hypotheses about the interior solution model are examined using Wald
statistics based on this covariance matrix estimate. I use the inverse of
the matrix of outer products of the gradients of the individual terms of
the log-likelihood function to compute standard error estimates and as
the covariance matrix used to construct all Wald tests for the boundary
solution estimates.

I next test for homothetic separability of local and long-distance
phone service from food, clothing, and other nondurable goods in the
household-level direct utility function for the translog model. This test
asks whether the household-level direct utility function, U(x,,X,,...,Xy),
can be written as U[g(x,,x,),Xs,...,xXy], Where x; is the quantity con-
sumed of good i and g(.,.) is a homothetic aggregator function. Assum-
ing x, and x, are the amounts of local and long-distance service con-
sumed, g(x,,x,) then represents the telephone service aggregate good.

If this restriction on the household-level direct utility function holds,
then the household’s demand problem can be thought of in the two-
stage budgeting context, where the household first determines its de-
mands for the telephone aggregate and the other three goods using a
price index for this telephone aggregate and the prices of the other

29. White (1982).
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goods; then conditional on the total amount of telephone expenditures
determined from this first-stage problem, the household decides the
optimal allocation of spending between local and long-distance service
by maximizing g(x,,x,) subject to p,x, + p,x, = M,, where M, is total
telephone expenditures determined in the first-stage optimization prob-
lem.

Homothetic separability of the household-level direct utility function
is implicit in any analysis of the demand for local and long-distance
service that ignores the household’s expenditures on, or the prices for,
all other goods consumed. Without this restriction on its utility func-
tion, a household cannot solve for the optimal local versus long-distance
split without regard to its optimal demand for all other goods. Almost
all analyses of telecommunications demand make this two-stage bud-
geting assumption. My multigood household-level dataset provides an
ideal opportunity to investigate its empirical validity.°

Although the restriction of homothetic separability given above is
specified in terms of the household’s direct utility function, theorem
4.4 of Blackorby, Primont, and Russell shows that homothetic separa-
bility of the direct utility function is equivalent to homothetic separa-
bility of the indirect utility function.?' In terms of the parameters of the
translog function, global imposition (for all values of prices and total
expenditure) of this restriction for a household with attribute vector A
implies
af (A) Y

— fori = 1,2,...N,

(12) af (A) vy

where a#(A) is defined in equation A-1 in appendix 1, the subscripts '
and ? denote local and long-distance service, and N=35.

This test involves five nonlinear restrictions on the parameters of the
translog demand system. Because this test depends on specific attributes
of each household through the ratio af(A)/ a¥(A), ideally I should in-
vestigate its validity for each household. For each observation I com-
pute the Wald test statistic for the five nonlinear restrictions given in
equation 12 for both sets of parameter estimates. For the interior solu-
tion estimates the smallest value of the Wald statistic over all obser-

30. See Taylor (1994) for more evidence supporting the importance of examining

the validity of this restriction on household preferences.
31. Blackorby, Primont, and Russell (1978).
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vations in the sample is 72.36 and the largest is 76.99. For the boundary
solution model the smallest value of the Wald statistic is 51.86 and the
largest value is 218.65. These results provide substantial evidence
against the validity of equation 12 for both model estimates.

An alternative way to investigate the equation’s validity that does
not involve computing test statistics for all observations in the sample
is to examine the validity of the four nonlinear restrictions in the equa-
tion that do not depend on A. The Wald test for these four restrictions
is 72.35 for the interior solution model and 45.57 for the boundary
solution model, providing significant evidence against the last four
nonlinear constraints given in equation 12.

Finally, I investigate whether this restriction holds when the first
ratio in equation 12 is evaluated at the sample mean of A. In this case
the interior solution Wald statistic is 72.52 and the boundary solution
Wald statistic 255.41, which provides more evidence against the valid-
ity of these nonlinear restrictions. Taken together all of these results
provide strong evidence against the validity of homothetic separability
of the household’s utility function in local and long-distance service.
Remember, however, that this rejection of homothetic separability, and
therefore the validity of the two-stage budgeting assumption, is condi-
tional on the maintained hypothesis of a translog indirect utility func-
tion. In addition, imposing homothetic separability on the translog func-
tion destroys the second-order flexibility property of this function.3?
Unfortunately, it also destroys the second-order flexibility of all other
existing flexible functional forms that have been used to test for this
restriction on utility functions. Although I can reject homothetic separ-
ability conditional on the assumed translog indirect utility function, I
do not know if this is because the the true underlying utility function
has been incorrectly specified or because the homothetic separability
null hypothesis is false.

Tests for additive separability of a household’s indirect utility func-
tion for the interior and boundary solution models are also overwhelm-
ingly rejected for both models. Additive separability implies the follow-
ing six restrictions on the second-order parameters of the translog
indirect utility function:

Br=10,B.=0,B,=0,B,=0,B. =0,Bs =0,

32. See Blackorby, Primont, and Russell (1977) for a discussion of this point.
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where | = local, d = long-distance, f = food, ¢ = clothing and 0 =
other nondurable goods. The Wald statistic is 10,777.0 for the interior
model and 143.7 for the boundary solution model. Given these separ-
ability results, for both models I use the demand system estimates that
do not impose any separability restrictions to perform the welfare cal-
culations.

Assessing the Welfare Effects of Price Changes

Using the two integrable demand systems, I now assess the impact
of various price-change scenarios for local and long-distance service on
household-level welfare. I consider six scenarios. The first two involve
increases in the price of local service alone. The second two involve
price increases in local service accompanied by equivalent percentage
decreases in the price of long-distance service. The final two involve
percentage decreases in the price of long-distance service that are twice
as large as the price increases in local service.

The six scenarios are

® A 20 percent increase in the price of local service alone,

® A 40 percent increase in the price of local service alone,

® A 20 percent increase in the price of local service accompanied
by a 20 percent decrease in the price of long-distance service,

® A 40 percent increase in the price of local service accompanied
by a 40 percent decrease in the price long-distance service,

® A 10 percent increase in the price of local service combined with
a 20 percent decrease in the price of long-distance service, and

® A 20 percent increase in the price of local service combined with
a 40 percent decrease in the price of long-distance service.

The first two scenarios attempt to capture the range of likely effects
from increasing the price of local service. The last four attempt to assess
the likely impacts of balancing a local service price increase with a
corresponding decrease in the price of long-distance service—the scen-
ario that might be expected if long-distance access charges and local
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Table 4. Own-Price and Expenditure Elasticity Estimates

Interior solution model Boundary solution model
Sth 95th Sth 95th
Elasticity percentile Mean percentile percentile Mean percentile
e —0.96 —-0.88 -0.79 —0.54 -0.39 —0.26
€pp -3.02 —-2.07 —-1.62 —-2.38 —1.80 —1.50
€rr —1.49 -1.35 -1.27 —0.83 -0.76 —0.63
ec.c —4.99 —-2.85 -1.70 -7.76 -3.53 —1.51
€00 -1.03 —1.00 -0.98 -0.91 —-0.88 —0.82
€us —0.28 0.11 0.33 0.11 0.30 0.45
€prp 0.63 0.75 0.82 0.45 0.65 0.77
€y r 0.74 0.84 0.89 0.68 0.81 0.89
€. 1.12 1.61 2.51 1.18 2.68 5.86
€y.o 1.06 1.11 1.22 1.05 1.12 1.29

Source: Author’s calculations.
Note: L = local service, D = long-distance service. F = food. C = clothing, O = other nondurables. and M = total
expenditure.

service prices were to be rebalanced to leave local exchange carrier
revenues essentially unchanged.??

This framework also allows me to assess the regressivity of these
proposed price increases as well as to determine which types of house-
holds, as measured by their observable characteristics, would bear a
greater portion of the burden of these price changes. Finally, I can use
the CES weights to extrapolate the household-level welfare change
results to the U.S. population at large and to determine whether these
price-change scenarios result in a net welfare gain or loss for the pop-
ulation of U.S. households.

First, however, I examine the sample average own-price and total
expenditure elasticity estimates given in table 4 for the interior and
boundary solution models. With some important exceptions, the house-
hold-level mean elasticity estimates are similar across the two indirect
utility functions. Consistent with figure 2, the total expenditure elastic-
ities for local service are very small.The boundary solution model re-
covers substantially smaller absolute value own-price elasticities for
local service amd slightly smaller values for long-distance service than

33. Appendix 2 sets out a framework for determining revenue-neutral price-change
combinations using estimates of the revenue shares of the local carriers’ three major
products—Ilocal service, network access service, and long-distance service—and esti-
mates of the U.S. population own- and cross-price demand elasticities for local and
long-distance telephone service from the household sector.
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those produced by the interior solution model. For both models, the
mean expenditure elasticity of local service is slightly positive, with
the boundary model value slightly larger. At the mean values for the
sample, I find a price-elastic demand for long-distance service (with
the boundary model less elastic) and an expenditure elasticity that is
greater than the one for local service (with this statement less true for
the boundary solution model). Both mean expenditure elasticities in-
dicate that long-distance service is a normal, not a luxury, good.

A major difference is that clothing is much more price elastic in the
boundary model than in the interior model. Recall that there are many
joint zeros for clothing and long-distance phone service, so it is no
surprise that the models recover different estimates of the price effects
involving these two goods. For both models the range of the price
elasticity of clothing indicates the potential for substantial differences
in the welfare and consumption impacts of price changes across house-
holds. These differences in price effects across the two models combine
to result in the opposite aggregate welfare conclusions for the two equal
price-change scenarios.

The aggregate own- and cross-price elasticity estimates implied by
both the boundary and interior solution models, combined with the most
recent values for the national average of local exchange carrier revenue
shares by product, imply that the price changes that balance a price
increase for local service with an equal percentage decrease in long-
distance service would leave aggregate national revenues to the local
carriers from the household sector unchanged. I nonetheless also con-
sider price-change scenarios where the long-distance price decrease is
twice the local service price increase because there are plausible values
for the aggregate household sector elasticities that indicate such price
changes would leave aggregate revenues from the household sector
unchanged.

For the welfare analysis I compute the compensating variation as-
sociated with each of these six price changes. Assuming that P° is the
initial vector of prices, M° is initial total expenditure, and P' is the
proposed vector of prices, V(P,M,A) is the indirect utility for a house-
hold facing prices P, and with total expenditure M and characteristics
A, the compensating variation is the value of CV that solves the nonlin-
ear equation
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V(P',M°+CV,A) = V(P°,M°,A).

In other words, CV is the amount of additional total expenditure that
must be given to a household with characteristics A for it to be indif-
ferent between total expenditure M° + CV and price P' and total ex-
penditure M° and price P°. A negative value of CV implies that the new
prices are welfare enhancing.

Both the boundary and interior solution models assume that the dis-
turbances to the demand system are unobservable household character-
istics in the indirect utility function V(P,M,A,v), where v is the vector
of disturbances to the demand system. As emphasized in the discussion
on equations 4 and 5, I do not assume a specific functional form for
how these disturbances enter the indirect utility function for the interior
model. To compute the likelihood function for the boundary model, a
specific functional form must be assumed for the dependence of
V(P,M,A,v) on v. Computing the compensating variation under this
interpretation of the disturbances to the demand system implies that CV
is a function of v, because it is the solution to the equation V(P',M° +
CV,A,v) = V(P°,M° A,v). For each household I can compute E[CV(v)],
the expected value of its compensating variation with respect to the
distribution of unobserved household characteristics, and Var[CV(v)],
the variance of its compensating variation. For the boundary solution
model, computing CV(v) is straightforward for any value of v, because
the dependence of V(P,M,A,v) on v is specified in equation 9, so that
taking a large number of draws from the estimated distribution of v for
each household and computing the sample moments of CV(v) for these
draws yields simulation estimates of E[CV(v)] and Var[CV(v)]. For the
interior solution model, the dependence of indirect utility function on
the vector of unobserved household characteristics is left unspecified,
so the expected value and variance of CV for each household cannot be
computed without further assumptions. Because it is unclear how the
unobserved household characteristics should enter the indirect utility
function for the interior solution model, I decided instead to compute
the compensating variation for each household for both the boundary
and interior model estimates at the expected value of the disturbances
to the demand system, so the vector of unobserved household charac-
teristics is set equal to zero for all compensating variation calculations.
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Therefore, any differences in the welfare calculations across the interior
and boundary solution models are attributable to the differences in the
parameter estimates of the indirect utility function across the two
models rather than to differences in the estimated distribution of unob-
servable household characteristics.

As a check of the difference between CV(v=0) and E[CV(v)], 1
computed both magnitudes for the boundary solution model. For all of
the price-change scenarios considered, the difference between
CV(v=0) and E[CV(v)] is minor because of the very small estimated
variances of the elements of v. At most these two magnitudes differ
only in the second significant digit. Although Var[CV(v)] reveals sig-
nificant uncertainty in CV(v) for any specific household, computing
either the mean of CV(v) over all households in my sample or the
estimated U.S. population mean of CV(v) using the CES weights yields
standard errors that are less than 1 percent of these estimated means.
These standard errors are computed using the estimated values of
Var[CV(v)] for each household and assuming that the vs are indepen-
dent and identically distributed across households. Consequently, there
is no difference in the quantitative conclusions that I am able to draw
from the welfare analysis of the boundary solution model from setting
the value of the vector of unobserved household characteristics equal
to its mean value in computing the distribution of the welfare impacts
of the price-change scenarios I consider.

Using duality theory, I know that associated with V(P,M,A) is the
expenditure function E(P,U,A), which gives the minimum expenditure
level necessary to achieve utility level U. Define U° = V(P°,M°,A) as
the utility at existing prices and total expenditure. By the definition of
the expenditure function, M® = E(P° U°A), and by the definition of
compensating variation, M° + CV = E( P',U°A). I can then define
the utility-constant or percentage true cost-of-living increase as a result
of increasing prices from P° to P' as

PTCLI = Percentage True Cost-of-Living Increase

EP',U°,A) cv
=100 X | =20 — 1] = 100 x |[=|.
(E(PO,UO,A) ) (MO)

This true cost-of-living increase can be computed for all observations
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in the sample. Examining how this ratio changes with M° allows me to
determine the extent of the regressivity or progressivity of these price-
change scenarios. Finally, to assess how the true cost-of-living increase
relates to the characteristics of the household, I estimate best linear
predictor functions for the percentage true cost-of-living increase as a
function of household characteristics and total expenditure.

For all of the scenarios to yield theoretically valid household-level
compensating variations, the estimated demand system must satisfy all
the restrictions implied by utility-maximizing behavior at the prices,
total expenditures, and household characteristics for that observation.
Because both models are estimated with summability, homogeneity,
and symmetry imposed, I need only check that the negative semi-
definiteness of the Slutsky matrix holds at each observation. This pro-
cess involves computing the Slutsky matrix given in equation 3, with
D(P,M,A) inplace of D(P,M), for each observation and then computing
the five eigenvalues of this matrix and verifying that they are nonposi-
tive. As discussed earlier, because there are no necessary and sufficient
conditions (there are sufficient conditions) on the parameters of the
translog indirect utility function that guarantees the Slutsky matrix is
negative semi-definite for all prices and expenditures, I must follow
this procedure to select those observations that can be used to compute
the household-level welfare changes that result from the price-change
scenarios.

For the interior solution model I lose only a small percentage of
observations due to failure of the negative semi-definiteness of the
Slutsky matrix. Out of the full sample of 11,467 observations, 11,344
satisfy the necessary curvature restrictions. All of the calculations for
the interior solution model are based on this subsample. For the bound-
ary solution model I lose more observations. In this case, 8,492 of the
observations satisfy the negative semi-definiteness of the Slutsky ma-
trix, and all calculations for this model are for this restricted sample.3*
For both models those observations that fail the restriction have just a
single marginally positive eigenvalue that is a small fraction of the
smallest, in absolute value, negative eigenvalue.

34. Linear probability models predicting whether individual observations satisfy
these curvature restrictions as a function of observable household-level characteristics,
including total expenditure, did not uncover any readily discernable reasons why obser-
vations failed to satisfy these restrictions.
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Figure 6. Densities of Sample Household-Level Compensating Variations in January
1988 Dollars for Price-Change Scenarios for Interior Model Estimates
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Figure 6 plots the sample kernel density of household-level compen-
sating variation in January 1988 dollars for the four two-price-change
scenarios for the interior solution estimates. Figure 7 plots these same
magnitudes for the boundary solution estimates. The interior solution
estimates show considerably more variability and tend to be more neg-
ative than the boundary solution estimates, indicating that the interior
solution model finds all of the two-price-change scenarios substantially
more welfare-enhancing than does the boundary solution model. The
summary statistics associated with these densities presented in table 5
bear out this point.

The welfare implications across the two models diverge for the price-
change scenarios that set the local price increase equal to the long-
distance price decrease. As shown in appendix 2, for the aggregate
household demand elasticity estimates implied by the two models, these
two-price-change scenarios are consistent with keeping local exchange
carrier revenue from the U.S. household sector neutral. The interior
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Figure 7. Densities of Sample Household-Level Compensating Variations in January
1988 Dollars for Price-Change Scenarios for Boundary Model Estimates
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solution model estimates negative sample mean compensating varia-
tions for the price-change scenarios that are equal but opposite in sign:
—$3.48 for a price change in each service of 20 percent and —$7.95
for a price change in each service of 40 percent, indicating that the
average household in the sample receives welfare gains from these price
changes.

Conversely, the boundary solution finds mean compensating varia-
tions for these two scenarios of $2.66 and $6.14, respectively, implying
a sample average household-level welfare loss. For the scenarios where
the percentage price decrease for long-distance is double the increase
for local service, both models find mean welfare gains (negative sample
mean household-level compensating variations), although the 95th per-
centile values for the boundary model imply that some households
experience welfare losses associated with these price changes.

The more pessimistic view of the combination price changes emerg-
ing from the boundary model stems from the significantly higher esti-
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Table 5. Compensating Variations for Price-Change Scenarios
In January 1988 dollars

Household-level sample distribution Estimated U.S.
Sth 95th population

Scenario percentile Mean percentile Mean Median
Interior solution model

P, + 20%; P, + 0% 6.98 9.45 12.12 9.43 9.39
P, + 40%; P, + 0% 13.01 17.59 22.61 17.55 17.49
P, + 20%; P, — 20% —-15.94 -3.48 4.04 —-2.95 -1.99
P, + 40%; P, — 20% -32.12 —7.95 6.52 —6.91 -5.06
P, + 10%; P, — 20% —20.78 —7.96 0.19 —7.41 —-6.56
P, + 20%; P, — 40% —40.56 —-15.91 -0.29 —14.85 —13.18
Boundary solution model

P, + 20%; P, + 0% 6.82 9.26 11.91 9.24 9.17
P, + 40%; P, + 0% 13.06 17.86 23.12 17.83 17.68
P, + 20%; P, — 20% —0.80 2.66 5.60 2.61 2.81
P, + 40%; P, — 40% 0.09 6.14 11.46 6.03 6.34
P, + 10%; P, — 20% -6.52 -2.23 1.28 -2.27 -1.97
P, + 20%; P, — 40% -11.37 -3.60 2.78 —3.68 -3.13

Source: Author’s calculations.
Note: P, = price of local service; Pp = price of long-distance service.

mates of the expenditure and price elasticity for clothing under that
model compared with the interior solution model. In addition, I also
estimate a substantially higher cross-price elasticity between clothing
and long-distance service under the boundary solution model. These
elasticity estimates imply that instead of buying more long-distance
service as the price decreases, many households buy more clothing (the
interior solution model predicts that decreases in the price of long-
distance service result in the purchase of relatively more long-distance
service).

Consequently, under the boundary solution model the net effect of
these price changes for these households is still a welfare loss. This
effect is particularly true for the households with low total expenditures
that consume very small amounts of long-distance service initially.
Because it explicitly accounts for the existence of corner solutions in
the household’s choice problem, the boundary solution model is ideally
suited for modeling the responses of these households.

Table 5 also shows the mean and median estimates of household-
level compensating variations for the U.S. population associated with
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Figure 8. Densities of Sample Household-Level Percent True Cost-of-Living Increases
for Price-Change Scenarios for Interior Model Estimates
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these price-change scenarios. For all scenarios and both models, the
sample mean is in close agreement with the national mean. Multiplying
these mean per-household figures by the number of households in the
United States yields an estimate of the net amount of money that could
be raised (negative values) or must be given to households (positive
values), assuming all U.S. households are paid their compensating
variations, in order for all households to be indifferent between the
existing price and the proposed prices. Both models rationalize the
single price changes as aggregate welfare losers and the unequal price-
change scenarios as net aggregate welfare gainers. However, the inte-
rior solution model finds the equal price-change scenarios to be net
gainers, whereas the boundary solution finds them to be net losers for
the national population of households.

Figures 8 and 9 plot the densities of the household-level percent true
cost-of-living increases that result from the four two-price-change sce-
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Figure 9. Densities of Sample Household-Level Percent True Cost-of-Living Increases
for Price-Change Scenarios for Boundary Model Estimates
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narios. These densities show that for the same price-change scenario,
the boundary model densities in figure 9 tend to shift rightward and be
more concentrated than the comparable densities for the interior solu-
tion model in figure 8. This result implies that the boundary solution
model finds, on average, a higher cost-of-living increase associated
with each of the two-price-change scenarios than does the interior so-
lution model.

Table 6 presents summary statistics on the household-level true cost-
of-living increases for all of the welfare scenarios. The divergent wel-
fare implications for the equal price-change scenarios continue for the
true cost-of-living indexes, with the boundary model finding an increase
on average and the interior model finding a decrease. Both models find
a sample average true cost-of-living decrease associated with each of
the unequal price-change scenarios.

The boundary solution estimates that the mean true cost-of-living
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Table 6. True Cost-of-Living Increases for Price-Change Scenarios
Percent

Houehold-level sample distribution Estimated U.S.

Sth 95th ___population
Scenario percentile Mean percentile Mean Median
Interior solution model
P, + 20%; P, + 0% 0.16 0.42 0.84 0.43 0.38
P, + 40%; P, + 0% 0.29 0.78 1.56 0.81 0.70
P, + 20%; P, — 20% 0.30 -0.04 0.35 -0.03 -0.08
P, + 40%; P, — 40% 0.60 -0.14 0.56 -0.12 -0.20
P, + 10%; P, — 20% 0.45 -0.24 0.01 -0.24 -0.26
P, + 20%; P, — 40% 0.87 —0.49 -0.02 —0.48 -0.52
Boundary solution model
P, + 20%; P, + 0% 0.33 0.56 0.98 0.56 0.51
P, + 40%; P, + 0% 0.65 1.08 1.87 1.07 0.98
P, + 20%; P, — 20% -0.03 0.20 0.56 0.19 0.16
P, + 40%; P, — 40% 0.0 0.44 1.13 0.43 0.36
P, + 10%; P, — 20% -0.26 -0.10 0.12 -0.10 —0.11
P, + 20%; P, — 40% —0.44 -0.15 0.25 -0.15 —-0.18

Source: Author’s calculations.
Note: P, = the price of local service: Pp = the price of long-distance service.

increase associated with a 40 percent increase in the price of local
service only is 1.08 percent, with a 5th to 95th percentile range of 0.65
percent to 1.87 percent. The interior solution estimates find slightly
smaller values. The largest increase over all households in the sample
is 3.0 percent for the boundary solution estimates and 3.8 percent for
the interior solution estimates. Based on these findings, neither model
finds that a 40 percent increase in the price of local service results in a
significant increase in the true cost-of-living for any of the households
in the sample.

Table 6 also gives estimates for the average true cost-of-living in-
creases associated with the six scenarios for the U.S. population as a
whole. These means are very similar to the sample means and thus do not
seem to represent a significant increase in the mean true cost of living.
For the two equal price-change scenarios, the boundary solution model
implies increases in the mean and median true cost of living for the national
population, while the interior solution model implies decreases. Both
models find the unequal price-change scenarios to lead to mean and median
cost-of-living decreases for the population as a whole.



326 Brookings Papers: Microeconomics 1996

Are increases in the price of local phone service likely to cause some
households to disconnect from the local network, as some observers
argue? As I have discussed earlier, the interior solution model is poorly
suited to addressing the problem of zero consumption, but the boundary
solution model is designed with this aspect of household choice in
mind.Conditional on a predicted positive expenditure for local service,
I compute the number of negative predicted local demand shares as a
result of the price changes in the six scenarios. I interpret a negative
predicted share for local service as a disconnection from the telephone
network. None of the scenarios predicts negative shares for local service
for any household for either model, indicating that, at least for this
sample of households, disconnection from the telephone network ap-
pears to be a very unlikely response.

To assess how the burden of these price changes is shared across
households, I compute best linear predictor functions for the percent
true cost-of-living increases (PTCLI) as a function of household char-
acteristics and the log of total expenditure. The coefficients from these
regressions provide an estimate of how the best linear predictor of
PTCLI changes in response to any change in household characteristics
or total expenditure. Table 7 presents these best linear predictor func-
tions and White heteroskedasticity-consistent standard error estimates
for the interior and boundary solution models for the scenario that
increases local service by 20 percent and decreases long-distance ser-
vice by 40 percent. The functions are very similar across the two
models. The negative coefficient on the log of total expenditure indi-
cates that households with higher total expenditures are predicted to
have lower increases in their true cost of living. That means that the
households with lower total expenditures bear a proportionately larger
share of the price increases. Indeed, I estimate that the burden is steeply
regressive—that is, that the burden increases as total household expen-
ditures get lower.The boundary solution results show that the best linear
predictor of PTCLI increases by approximately 1.4 percentage points
for a 10 percent decrease in total expenditures. A plot of the true cost-
of-living increase versus In(M) reveals that this estimated relation is
determined by the very regressive nature of these price changes at very
low values of In(M). At higher values of In(M) these price changes are
much less regressive.

Several other conclusions emerge from these regressions. Older
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Table 7. Best Linear Predictors of Percent True Cost-of-Living Increase

Estimated coefficient (standard error)

Interior Boundary
Variable solution model solution model
Constant -0.297 0.921
(0.154) (0.0335)
Age of head X 1072 1.04 —0.862
(0.0392) (0.0476)
(Age of head)? x 10~¢ 0.0481 1.49
(0.0439) (0.0503)
Number in household —0.0769 —0.0393
(0.000949) (0.00201)
Members = 65 years old —0.0177 —0.0224
(0.00217) (0.00296)
Head white (dummy) 0.0291 0.00405
(0.00284) (0.00366)
Head female (dummy) -0.114 —0.0576
(0.00185) (0.00385)
Head college graduate (dummy) —0.188 —0.176
(0.00244) (0.00434)
Head HS graduate (dummy) —0.0411 —0.0354
(0.00200) (0.00266)
Head single (dummy) —0.0849 —0.0698
(0.00265) (0.00638)
Head professional (dummy) 0.0232 0.00438
(0.00140) (0.00262)
Head hours worked a year 0.508 0.0523
(0.00984) (0.0171)
Spouse hours worked a year 0.329 0.158
(0.0100) (0.0184)
Head nonworker (dummy) 0.138 0.0219
(0.00321) (0.00510)
Spouse nonworker (dummy) —0.0245 —0.0450
(0.00227) (0.00413)
Males age 2 through 15 0.132 0.0616
(0.00137) (0.00264)
Females age 2 through 15 0.125 0.0876
(0.00137) (0.00274)
Northeast (dummy) 0.304 0.186
(0.00263) (0.00814)
North Central (dummy) 0.287 0.240
(0.00201) (0.00307)
South (dummy) 0.152 0.0968
(0.00205) (0.00309)
West (dummy) 0.0575 0.0115
(0.00206) (0.00390)
Log of nondurable expenditure —0.0970 —0.140
(0.00187) (0.00390)

Source: Author’s calculations for a price-change scenario in which the price of local service rises 20 percent while
the price of long-distance service drops 40 percent. The standard error estimates are from White (1980).
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households, urban households, households with young children, and
households with two working adults bear more than their proportionate
share of the true cost-of-living increases. Repeating these best linear
predictor calculations for other price-change scenarios yields similar
conclusions about the relationship between true cost-of-living increases
and household characteristics, including total expenditure.

These differences in true cost-of-living increases appear because
household characteristics are allowed to shift the household-level in-
direct utility function and expenditure share equations, so that the price
and expenditure elasticities differ across households according to these
characteristics. Within my modeling framework, the variations in these
true cost-of-living increases can only be explained in these terms. Be-
cause the household is the unit of analysis, I am unable to distinguish
among the many within-household decisions that might explain these
differences in price and expenditure responsiveness.

The Viability of Rate Rebalancing in Competitive
Telecommunications Markets

Assuming the estimated demand systems are valid descriptions of
the observed pattern of household-level consumption patterns, my cal-
culations allow several conclusions to be drawn. All of the evidence
seems consistent with the view that the vast majority of households will
sustain very small welfare losses as a result of substantial increases in
the price of local telephone service. Balancing these local service price
increases with reductions in long-distance access charges seems likely
to result in net welfare gains for many households.

According to my household-level demand function estimates, a com-
bination of equal price increases for local service and price decreases
for long-distance service are most likely to be revenue neutral, leaving
total local exchange carrier revenues from the household sector un-
changed. For these price-change scenarios, whether the sum of com-
pensating variations for all U.S. households is positive or negative
depends on how zeros are accounted for in the household’s consumption
choices. Accounting for zeros in a manner that acknowledges the
existence of nonnegativity constraints in the household’s utility-
maximization problem shows that the sample and estimated U.S. pop-
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ulation averages of these household-level compensating variations are
slightly positive, implying an average household-level welfare loss.
Neither model overturns the conventional belief that local price in-
creases disproportionately burden low-income (in this case, low total-
expenditure) households, older households, urban households, and
households where both the head and spouse are employed. The bound-
ary solution model, however, finds relatively larger welfare losses
among low-income total expenditure households when price increases
for local service are balanced with price decreases in long-distance
service than does the interior solution model. According to the boundary
solution model estimates, decreases in the price of long-distance have
little benefit to low total expenditure households because they do not
purchase much or any of this good, either at the original price or the
new, lower price. Recall the discussion of figure 1. Despite these dif-
ferences in aggregate welfare results, neither set of estimation results
suggests that the burden is so great that households currently connected
to the local network are likely to disconnect.

The separability test results signal the importance of modeling tele-
phone demand jointly with the demand for all other goods in order to
accurately measure price and expenditure elasticities and to perform
theoretically valid welfare calculations, particularly for those house-
holds at the lower end of the nondurable expenditure (or income) dis-
tribution, which are more likely to have zero expenditures in one of the
five goods at prevailing prices.

Finally, the comparison of the results from the two models empha-
sizes the importance of properly accounting for the presence of zeros
in a household’s consumption choice problem for the resulting average
individual-level and aggregate net welfare calculations. This is partic-
ularly true for phone service, which makes up a small fraction of a
household’s budget.

Appendix 1

This appendix derives the likelihood function for the boundary so-
lution model for three classes of observations depending on the number
of zero expenditure shares: no zeros, one zero, and two zeros. Although
the model can allow for up to N-1 zeros, where N is the number of
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goods the household can potentially buy, I stop at the two-zero case
because that is the maximum number of zeros in this sample. To sim-
plify notation, let

@A) = (@, + 2 M,A,) and
(A1) k=1

N

DEN(P,M,A) = 2, o(A) + 2 2, B‘f'l“(z%)'

i=1

First consider the case of all nonzero expenditure shares. In terms of
this notation

N
abA) + 2 Bun(p/M) + v,

_ k=1
Wi = DEN(P,M,A) :

so that

(A2) v, = [DENP.M,A)] w, — |a¥(A) + 2 B,In(p,/M)|,

where w, is the observed share of the ith good because all observed
demands are positive. The likelihood function for observations with no
zZeros is

Lyw|2,T',P,M,A)
= (2m) V-2 D(P,M,A)|" |27 exp[ — 12(v' 2~ 'v)]

where I' is the vector comprising all of the parameters of the indirect
utility function, and the elements of v are defined in equation A-2. The
likelihood function for the no-zero case is very similar to the quasi-
likelihood function given for the interior solution model, except that
the change of variables from v, to w; yields a Jacobian of the transfor-
mation that is not equal to the identity matrix, because v, is normalized
by D(P,M,A) in the share equation given in equation 10.

Consider the case where the virtual price is less than or equal to the
actual price [p!(p) = p,] for one i € (1,2,...,N). This event occurs if

(A-3)

(A-4) {lo¥(A) + 2 Buln(p/M)] + v}/ B, =0,
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because D(P,M,A) is less than zero, so this event is equivalent to the
event

ViBy = — [a*(A) + 2, Buln(p/M)]/ B, .

The remaining demands for the other goods can be computed by solving
the household’s budget-constrained utility maximization problem con-
ditional on w, = 0 with virtual prices in place of the actual prices for
the goods not consumed, and the resulting demands are the same as
those that result from the explicit solution of the Kuhn-Tucker condi-
tions for the budget-constrained utility maximization problem, subject
to the constraints that the household must consume nonnegative
amounts of all goods. For good i, the zero consumption good, this
virtual price, pi(p), is computed by solving equation A-4 for the value
of p,, which satisfies the inequality with equality. Under my functional
form assumptions, the logarithm of the total expenditure normalized
virtual price for the ith good is

In[w(P.M,Av)] = — [af(A) — 2 B,In(p/M) + v]/B, .

Jj=1. j#i

This is the virtual price that supports w, = 0 and the other nonzero
observed shares as the nonnegativity constrained utility-maximizing
choices. The remaining shares are given by

_ NUM/P.M,Av) + v,

Vi DEN(P,M,Av,)
where
NUM/(P.M,Av) = «*(A) + 2, B,ln(p,/M)
k=1, k#i
+ Bjiln[Tri(P!MsA’vi)]
and

N

+ 20 2 Buln) + BInlm, (P.M,AW,)]
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This implies
(A-5) v, = DEN(P,M,A,v)w, — NUM,(P,M,A,v,).

Consequently, the likelihood function for this observation is

x

(N—1)

Lw[\3,P,M,A) = f IDEN(P,M,A,v)|"~2(2m) = |3| ">

N

_[ai*(A)-}-z‘_,l By In(p, /M)

1
X exp (—EV’E 'v)dvi

where the remaining elements of the (N — 1)-dimensional vector v be-
sides v, are given in equation A-5. Because of this dependence of each
of these v, on v,, this integral cannot be written as a multivariate normal
probability. Consequently, general univariate numerical integration
techniques must be employed to compute this likelihood function
value.?

Computing the likelihood function for the case of two zeros follows
this same process. Suppose that pi(p) < p, and p;(p) < p, for two i, €
(1,2,...,N). This event occurs if v; and v, satisfy the inequalities

In{w,(P,M,A,v,,v,)] < In(p,/M)
(A-6)
In[w,(P,M,A,v,,v)] = In(p,/M)

where the right-hand sides of the inequalities in equation A-6, the
expenditure normalized virtual prices for nonconsumed goods i and j,
are given by

(ln[ﬂ-,.(P,M,A,v,. ,v,)])
(A-7
In[w;(P,M,A,v,,v))]

N
—1 ax*(A) + 2 Bimln(pm/M) + vi
(Bii Bij m=1, m#i,j
B B, :
! Y a_]*(A) + z Bjmln(pm/M) + vj
m=1, m#ij

35. T use an algorithm suggested by Gill and Miller (1972).
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These are the virtual prices that support w, = 0 and w; = 0 and the
remaining vector of positive shares as the solution to a budget-
constrained utility maximization problem. The remaining positive
shares are given by

_ NUM(P.M,Av,,v) + v,
DEN(P,M,A,v;,v))

(A-8) W,

where
NUM(P.M,A,v,,v,) = of + ByIn[w(P,M,A,v,,v)]

+ ByInlw(P,M,A,v,,v)]

N
+ z Bkmln(pm/M)

m=1, m#ij
and
N
DEN(P,M,A,v,v) = 2, a(A)
k=1
N
+ 2 [Bkiln[wi(P,M,A,vi,u,)]
(A'9) k=1

+ Byln[m,(P,M,A,v,,v)]

m=1, m#i,j

N
+ E Bkmln(pm/M]]'
In this notation v, = DEN(P,M,A,v,,v)w, — NUM,(P,M,A,v,,v)), so
that the likelihood function for two zeros is the double integral
LZ (W|F,EaP,M9A)

Bii Bi'
= ff|DEN(P,M,A,Ti,T,)|N‘3 '
0 0

Ji Yi

(21T)(N— l)/zlzl —172

X exp (= 1/2v'Z " w)drdr,,

where
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w| _ (e (88,
T In(p;/M) B By
N
al*(A) + E Bimln(pm/M) + vi
m=1, m#ij

N

a¥A) + 2 Buln(p, /M) + v,

m=1, m#i,j

For 7,and 7,, the elements of v are defined as follows: the share equation
disturbances for the goods with zero demands are

N

al*(A) + 2 Birnln(pm/M)
V; Bi Bil[ ™ m=1
v BB\ :
’ ’ Y ’ aj*(A) + z Bjmln(pm/M)

m=1

The remaining N-3 v, necessary to compute the likelihood function
value depend on v, and v, through the relations given in equations A-8
and A-9. The calculation of this likelihood function requires numerical
computation of a general bivariate integral because all of the elements
v depend on 7, and T;.

Appendix 2

This appendix sets out a framework for determining the percentage
change in long-distance service that should accompany a given per-
centage change in the price of local service to keep unchanged the total
revenue collected from all U.S. households by all local exchange car-
riers (RBOCs and independents). Using elasticity estimates from the
household-level demand modeling effort and from other sources, I de-
termine the range of plausible revenue-neutral two-price-change scen-
arios analyzed in the paper.

Local exchange carrier revenues are usually classified into four cat-
egories: local network services; network access service; long-distance
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network services; and other services. Let LR = local network revenues,
AR = access revenues, TR = toll revenues, and OR = other revenues,
so that TOT, total revenues, satisfies the equation TOT = LR + AR +
TR + OR. 1 assume that LR, AR, and TR are functions of the prices of
local and long-distance service and that OR does not depend on either
price. By definition of rate rebalancing, the percentage change in TOT
brought about by a given percentage change in p,, the price of local
service, plus the percentage change in 7OT brought about by a given
percentage change in p,, the price of long-distance service, should equal
zZero.
Taking the derivative of TOT with respect to p,, yields

oTOT _ 3LR _ 9AR _ oTR _ 3OR

(B-1) = — 4+ — + —.
ap, ap, ap, ap, ap,

Assuming that OR does not depend on p,, I can rewrite equation B-1 as

@2 0T p _9%Rp LR AR p AR 9IR p TR
ap, TOT ~ dop, LRTOT ' dp, ARTOT = op, TRTOT

Let S, = (J)R/TOT, where J = L, A, or T, denote the share of total
revenue from product J, and

. _or p AR p
TOT.p; apl TOT IR.p; ap, (J )R

denote, respectively, the elasticities of TOT with respect to p, and the
elasticity of revenue from product J with respect to p,. Using these
definitions, equation B-2 can be rewritten as

(B'3) €TOT,p, = SLR€LR«p, + SARE‘AR.p, + STRGTR«p,‘
Define
_9Yp
T]J«p, ap, J

as the elasticity of the quantity demanded of good J with respect to p,.
The following relationships hold between the revenue elasticities and
quantity elasticities:

(B'4) ELR.p, = (1 + T]L.p,)’ €AR.p, = T]A.p,’ and ETR,p, = TlT.[J/'
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The household-level elasticities computed from the model estimates
and the CES sampling weights provide one source of estimates of these
demand elasticities for all U.S. households. Substituting the relations
in equation B-4 into equation B-3 yields:

(B-5) €rorp, = Se(l + nL.p,) + SART'A‘]), + STRnT.p,‘
Repeating equations B-1 through B-3 for p, yields:
(B-6) €ror.p, = SLRE'LR.pd + SARE‘AR.[;‘, + STRETR.pI,‘

Analogous expressions to those in equation B-4 are:

P.
(B_7) ELR.[)‘, = T]L‘p‘,’ E'AR.pd = (p_l + T]A.p,)’ and E'TR.p, = (1 + T]T.p,)’

A

where p, is the price of long-distance access. The elasticity of access
revenues with respect to p, embodies the results, discussed in the paper,
showing a complete pass-through of a change in the access price into a
change in the long-distance price. Assume p, = p, + p,xc, where p,
is the price received by the interexchange long-distance carrier for a
long-distance call. If all long-distance price reductions come from re-
ductions in the price of access, then

9a _ | gng Poxc

(B-8)
aI)zl ade

= 0.

Given that AR = A Xp,, computing the elasticity of AR with respect
to p, using the expressions given in equation B-8 yields the second
equation in equation B-7. Substituting equation B-7 into equation B-6
yields

(B-9) €rorp, = SLRnL.p(, + SAR(;‘_I + T]A.pd) + Sp(l + T]T.p‘/)‘

A

Combining equations B-5 and B-9 yields the following expression for
the rate rebalancing percentage change in the price of long-distance
service that results from a given percentage change in the price of local
service:
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(B-10) %Aps = Z(%Ap,), where Z =

Se(1 + T]L.p,) + SAR“A.,;, + STRT]T.[;,

SLRTlL.pd + SAR(;(_[ + T]A.pd) + Sl + T'T.pd)
A

According to the most recent annual report from the United States
Telephone Association, the 1994 revenue shares for all local exchange
carriers are: S,, = 0.456, S,, = 0.318, and S, = 0.134.3% As dis-
cussed in the paper, p, = 0.4p,, meaning that approximately 40 percent
of the price of a long-distance call is paid in access charges, so p,/p,
= 2.5. For the simple case of zero cross-price elasticities, a zero own-
price elasticity for local service and — 1 as the own-price elasticity of
long-distance service along with the above revenue shares yields a value
of Z = —0.96. This value of Z implies that the revenue-neutral per-
centage decrease in the price of long-distance service should be a little
less in absolute value than the percentage increase in the price of local
service.

Using the interior solution model estimates and the CES weights for
each households, I can construct estimates of the required aggregate
household-level price elasticities. These aggregate elasticities are

(B-11) m,, = —0.9,m,, = 0.05,7,, = —2.0, and n,, = 0.06.

Assuming the price elasticity of demand for long-distance is the same,
whether it is provided by a local exchange carrier or an interexchange
long-distance carrier, implies

(B-12) Nap, = MNrop, and Nap, = Mrop,-

Using the elasticities given in (B-11), the ratio of p, to p, of 2.5, and
the equalities in equation B-12 yields Z = — 1.3, which implies that
the revenue-neutral long-distance price decrease is 1.3 times the per-
centage increase in the price of local service.

The boundary solution model estimates can be used to construct the
following aggregate demand elasticity estimates:

36. United States Telephone Association (1995).
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(B-13) Nep = —0.4, N, = —-0.7,
Ny, = — 175, and m;, = —0.4.

Substituting these elasticities into equation B-10, under the same as-
sumptions as for the interior solution estimates, gives a value for Z of
—0.96, which implies that the revenue-neutral price decrease in long-
distance service is a little less in absolute value than the local service
percentage increase.

These calculations provide the basis for my chosen combination two-
price-change scenarios. All three calculations favor the scenarios call-
ing for price changes in local and long-distance service that are equal
but opposite in sign. Because plausible values for the elasticities yield
values of Z on the order of —2, I also consider price changes where
the percentage decrease in long-distance service is twice the percentage
increase in the local service price. For example, an own-price elasticity
of local service of —0.4 and an own-price elasticity of long-distance
service of —1.75 combined with zero cross-price elasticities yields Z
= —2.
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Comments

Comment by Gerald R. Faulhaber: This paper makes two important
claims:

® Relaxing the usual assumptions made in estimating the demand
for telecommunications services has a relatively dramatic effect
on the results.

® Using the results from the correct demand estimation suggests that
the welfare improvements that result from increasing competition
in telecommunications are smaller than those found by previous
researchers and may even be negative.

The first claim both questions and tests the validity of two assump-
tions made by virtually all researchers who have estimated the demand
for both local and long-distance telephone service: (1) consumer de-
mand is separable between telephone service and everything else; and
(2) in estimating demand systems with zero elements, it is assumed
(usually tacitly) that zero is the optimal consumer choice (an interior
solution) and not the result of a constraint on nonnegative consumption
(a boundary solution). The author develops a rich model in which both
these assumptions are relaxed and finds that both these restrictions can
be rejected. Further, the coefficient estimates in the less restricted
model are significantly different than the estimates in the more usual,
restricted model.

This result is a true methodological advance in demand estimation,
one that all future researchers will have to take into account in their
work. What most researchers viewed as relatively innocuous assump-
tions, of interest ‘‘merely’’ to theorists, turn out to be highly significant.

341
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This is econometric theory and practice at its best: doing the estimation
carefully and showing that it matters.

The author then attempts to extend the result to an important welfare
question: has telecommunications deregulation had a positive or nega-
tive effect on aggregate welfare or on the welfare of lower-income
households? The author correctly notes that a salient effect of deregu-
lation is to dismantle the subsidy system by which local rates were kept
low and long-distance rates were kept high. Therefore, deregulation
promises to increase local rates and decrease toll rates. The author
simulates this effect by analyzing the impact on consumer welfare of
various price-change scenarios: a straight 20 percent (or 40 percent)
increase in local rates; a 20 percent (or 40 percent) increase in local
rates with a matching 20 percent (or 40 percent) decrease in toll rates;
and, most interesting, a 20 percent (or 20 percent) increase in local
rates coupled with a 20 percent (or 40 percent) toll decrease. The author
finds that for all scenarios but the last, mean welfare decreases. For the
last scenario, however, mean welfare increases, but not by as much as
would be estimated by not accounting for nonseparability and the zero
consumption constraint.

How are we to evaluate which scenario is most likely? The most
appropriate standard for making the welfare comparison is a comparison
in which all other parties in the industry neither gain nor lose welfare
as local and toll rates are varied. Essentially, this means that industry
profits should be held constant while varying toll and local rates. There-
fore, the actual tradeoff between local and toll rates is determined by
the slope of the iso-profit function. There is no reason to believe that
the (logarithmic) slope of the iso-profit function is unity, as would be
implied by the second and third scenarios above, nor is it zero, as would
be implied by the first scenario. There is some evidence that the tradeoff
is more like 2.5-to-1, with a 10 percent decrease in toll rates leading to
a 3 to 4 percent increase in local rates. The author cites several studies
that have examined these welfare effects, taking into account the supply
side of the market, and notes that while there is variance in these
estimates, it is not likely that a 1-to-1 tradeoff accurately describes the
situation. Thus, the last scenario is more likely to describe what is
likely to occur in practice. The welfare conclusion that competition
improves mean welfare is certainly more muted than in previous stud-
ies. But most important, it does not reverse the sign of the result.
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It is worth noting that the author’s focus on the distributive effects
of telecommunications deregulation reflects the enormous attention that
regulatory economists have paid to this issue over the last two decades.
It would be difficult to understate the political and regulatory impor-
tance of this question to the national debate over deregulation. Perhaps
the most significant policy result contained in this paper is not the sign
of the mean welfare change, but rather its magnitude. As an empirical
matter, the magnitude of the welfare changes resulting from these dis-
tributive effects are very small, even for low-income households. This
is not the first time that this has been noted; twenty years ago policy
analysts were estimating (by much less rigorous and impressive meth-
ods) that the actual welfare effects of eliminating the subsidy were quite
small. Yet the political attractiveness of this distributive issue has
tended to mask this simple fact. Perhaps this paper will help correct
that balance.

In fact, the more impressive achievements that we expect of dereg-
ulation are more efficient operation and more innovation. The first is
well on its way to being achieved; the fact that the operating arm of
AT&T is handling more calls today than it did before divestiture with
about half the staff is far more impressive, and far more important, than
the relatively trivial redistribution of welfare triangles. The second,
more innovation, is perhaps just getting under way. The United States
and perhaps the world seem to be moving rather rapidly toward a very
different model of telecommunications, involving extensive wireless
telepathy and two-way broadband Internet-style services. The extent to
which deregulation can encourage (or at least not discourage) this ex-
traordinary market experiment seems vastly more important and of
much greater policy significance than the aforementioned redistribution
of welfare triangles. The welfare effects of deregulation go far beyond
the somewhat myopic view of distributive effects that economists and
policymakers have taken in the past. We are well past the time when
the talents of our best and brightest should be spent on this issue.

In conclusion, the author has made a substantial contribution to the
literature in the estimation of telecommunications demand functions,
the first claim of this paper. The second claim of the paper is more
muted, and with good reason. The most realistic scenario the author
evaluates does not change the welfare results of the majority of the
existing literature, and in any case the net effect on welfare is very
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small, especially when compared with the other effects that deregula-
tion and competition have brought to this industry.

Comment by Ariel Pakes: This paper is an attempt to assess the likely
impacts of the 1996 Telecommunications Act on consumer welfare. It
estimates a demand system, postulates price changes that are likely to
result from the opening up of the telecommunications industry, and
then uses the estimated utility surface to evaluate the distribution of
changes in consumer surplus that these price changes would generate.

Before delving more deeply into the analysis, I should note the
obvious but important point that the consumer surplus changes that
result from any given set of price changes will only be a part of the
determinants of the welfare impacts of the new law. The actual con-
sumer surplus changes are also going to depend on which price changes
actually materialize, and social welfare will, in addition, depend upon
the cost efficiency of the network that develops as a result of the new
regulatory and technological structure. My guess is that a good deal
less is known about these two interrelated aspects of the problem, that
is, about the implications of the regulations on the eventual form of the
network and on the equilibrium price distributions, then about demand
responses (even to the relevant firms). Moreover, the welfare impacts
of these aspects of the problem may eventually swamp the impacts
generated by the analysis of consumer surplus conditional on a presup-
posed set of price changes.

This paper is addressing a different subset of questions that need to
be considered to evaluate the regulatory change. Interestingly that sub-
set is thought to be more important to evaluating the distributive effects
of the change. Moreover, the paper enriches the frameworks that have
been used for analyzing demand for telephone services and comes to
what seem to be fairly unequivocal results. So there still is quite a bit
of information here. What I will do is question parts of the framework
(with a view to improvement) and then note some robustness tests that
I would like to see done before I put full faith in the results.

The model is more complicated than previous models used to analyze
the demand for local and long-distance telephone service. In particular
it explicitly allows for consumer heterogeneity and zero consumption
choices. There are two good reasons for this. One is that the responses
to the price changes the author is interested in measuring (demand and
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consumer surplus responses) are nonlinear functions of the price
changes (the most extreme form of this nonlinearity occurring at the
corners or at the zeroes), so the whole distribution of response patterns
is needed to analyze even the aggregate response. Second, the author
is particularly concerned with extreme effects of the price changes on
certain socioeconomic groups (the elderly or the poor), so a model that
does not distinguish among groups and does not account for zeroes
simply does not provide the needed information. There is little room
for argument here; about 10 percent of the observations have a zero for
either local or long-distance phone service (although only about 1 per-
cent do not have local service and are therefore presumed not to be
connected to the network), and the empirical results make clear that
difference socioeconomic groups react differently to price changes.

The other way in which the analysis here is more detailed than most
is that the paper questions whether traditional separability restrictions
hold for the demand for telephone services. The analysis uses a five-
product demand system (food, clothing and an ‘‘other’’ nondurable
class, in addition to local and long-distance telephone service), assumes
agents choose among the five categories to maximize current utility,
and then tests for separability (both additive and homothetic separabil-
ity; the latter is a test for the existence of an aggregate of local and
long-distance telephone service). Note that durable goods have been
excluded—even though one might have thought that the demand for
telephone services and its local and long-distance components were
quite sensitive to the availability of other durable goods (the extent to
which the household has invested in computers, the size of the house,
car phones, and so on). Further, given that durable goods are omitted,
it is not clear why clothing is included (after all, these are quarterly
data). I would have preferred a framework that, rather than ignoring
durable goods altogether, included them as ‘‘quasi-fixed’’ factors,
much as capital stock is often treated in production function analysis.
(The CES is one of the few datasets that has a fair amount of data on
durable goods.)

The lack of a framework for durable goods came back to worry me
several times as I went through the empirical results. One reason was
that the paper finds that a major source of nonseparability, and indeed
one of the more important differences between the interior and the
boundary models, is the importance of the cross effects between long-
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distance and clothing demand. The source of such cross effects is not
intuitively obvious to me. Yet table 1 makes clear that clothing and
long-distance demand are the two goods with the most zeroes. If cloth-
ing is durable, and low-income households delay purchasing it in hard
times (say, because of liquidity constraints), then the fact that long-
distance service is fairly income elastic in these households might gen-
erate a spurious correlation between clothing and long-distance pur-
chases. Second, the expenditure elasticity and the shares of expendi-
tures being analyzed are those connected to nondurable expenditures,
and one wonders how the substantive results would change were the
author to obtain elasticities or shares with respect to some reasonable
measure of total (durable and nondurable) expenditures, or perhaps just
income. Finally, the fact that there are sunk costs in connecting to the
network (both monetary and in establishing a credit rating) make one
worry about the implications of the static nature of the analysis of zero
states for local telephone service. (Recall, however, that only about
1 percent of households are not connected.)

A general data issue is troubling to the author as well as to me.
Although the analysis focuses on price effects, there is no data on the
prices that agents face. The paper gets around this problem by assuming
an unknown, but relatively limited, distribution of prices and estimating
the parameters of that distribution. One can do little more using only
the data in the CES. This situation could be improved by finding a data
source on the actual distribution of prices and then assuming that the
prices faced by the agents were a random draw from the actual distri-
bution. Although obtaining and cleaning a new dataset takes time and
money, it might be worthwhile in this case since the focus is on price
effects. I was thus pleased when the author said he was currently in the
process of obtaining a dataset on the distribution of prices.

I now move on to comments on the empirical results, starting with
the nonparametric analysis, which I liked very much. It clearly shows
that the nature of the demand for the two kinds of service is different.
Modal local service is about $50, and there is very little variation of
the distribution around that number, giving the impression that local
service acts like a ‘‘necessity.”” Modal long-distance service is about
$15, but the tail over $100 is substantial, giving the impression that
demand for long-distance service can vary a great deal (say, with in-
come), particularly in the upper quartile of the nondurable expenditure
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distribution. I would have liked to see the author push this type of
analysis further, producing also a set of nonparametric results on ex-
penditure elasticities. This would provide a baseline that any reasonable
model might be expected to pick up and that could then be checked
against the parametric results.

Next come estimates of the two models and tests for the various
forms of separability. These are important in that they discuss what
kind of structure might be reasonable to use when studying telephone
demand. My only complaint here is too large a reliance on traditional
test statistics. The author is working with a dataset with 10,000 obser-
vations; a lot of things will be statistically significant. The real issue is
whether the answers of interest would have changed if the author had
used a simpler separable, or homothetically separable, specification.
One way to judge this would be to reestimate the model with separa-
bility imposed, compute the distribution of compensating variation or
of demand responses from the constrained estimates, and then see if
they differ from the ones in the model in any substantive way.

The heart of the results are those that discuss the welfare effects of
price increases for local service. They seem to provide a fairly clear
answer to the basic question of the paper: the dollar quantities required
to compensate consumers for the price variations being analyzed are
small, pretty much uniformly over the population. Thus, even assuming
a 20 percent increase in the price of local service and no reduction in
the price of long-distance, the preferred model predicts an average
compensating variation of less than $10 (on average, less than 0.6
percent of expenditures on nondurables) and of less than $12 for 95
percent of the households (less than 1 percent of total nondurable ex-
penditures).

Because these numbers are so central to the policy implications of
the paper, I would have liked the author to focus more on them. In
particular, I wanted to see standard errors for their values (which could
be gotten by simulation if programming were too cumbersome). I also
wanted some check to show whether those numbers were sensitive to a
number of perturbations in the way they were calculated.

My first concern involves how one ought to treat the disturbances,
or the unobservables, of the model when doing welfare calculations.
The author seems to compute the average of the compensating varia-
tions for individuals with a given set of observed characteristics (aver-
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aging out over the unobservables), and then plot the distributions of the
derived average compensating variations. I presume this because it
explains why nobody is predicted to drop to zero as a result of the price
change. At issue is what generates the unobservables in the analysis.
One possibility is simple measurement error. However, because house-
holds are presumably responding to questions on levels, not shares,
measurement error is likely to have different properties than those as-
sumed of the disturbance here. The other possibility, and this seems to
fit more cleanly in the framework here, is that the disturbances are
generated by unmeasured individual attributes that affect preferences.
Indeed, it would be hard to argue that the variables on the CES included
all important determinants of the demand for telephone services. For
example, the characteristics of the jobs held by members of the house-
hold are likely to have a significant impact on the value of both local
and long-distance service to the household, but such information is not
provided in the CES data. Because the observables do not capture these
differences, they are among the determinants of the disturbances. Cur-
rently the differences in preferences generated by the disturbances do
not affect the calculation of compensating variations. However, it
should not be difficult to use the current estimates to compute compen-
sating variations that assume that differences in unobserved character-
istics must also be compensated for. I would urge the author to at least
find out whether the major conclusions of the paper are robust to this
type of interpretive change. I should note that this calculation will
undoubtedly increase the variance in the computed distributions and
generate a real percentage of people dropping out. So it is likely to
result in some low-income households increasing their compensating
variations (possibly markedly).

My second concern stems from the author’s decision to calculate
compensating variations (at least for the model of interest) only for a
subsample of the observations. He begins by testing for the negative
semi-definiteness of the Slutsky matrix at each point. The analysis then
discards the points that do not pass the test, presumably because if that
matrix is not semi-definite, then there is an alternative feasible choice
that would yield higher utility than the observed choice. As a result,
the author discards 25 percent of the observations for the boundary
model—as many as he would have thrown out had he discarded all
observations with at least one of the consumption goods at zero. One
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always worries when a quarter of the observations are thrown out,
particularly when the paper is explicitly concerned with distributional
implications. There are several possible problems with the eigenvalue
calculation per se—there is a distribution for the eigenvalues for each
observation, so point estimates are not definite evidence of their values;
there is a question of allowing for the impact of the unobservables on
those point estimates; and because observations are constrained to be
nonnegative, there can be some direction of perturbations that would
improve consumer welfare but that are not feasible. At the least I wanted
to see the compensating variation calculations taking current choices as
the base for these observations.

Finally, I wanted to see more detail on the top 5 percent of the
compensating variations, both in absolute value and as a percentage of
their total, or at least nondurable, expenditure. To throw out the doubts
on the price changes causing substantial distributive problems, the au-
thor must show that the losses by this 5 percent are not exorbitant.
Moreover, it would be useful to know who these ‘‘big losers’” are. The
author provides a least squares regression line for compensating varia-
tion against characteristics, but this only lets me infer group means,
and I am interested in the tail of the distribution (my guess is that the
difference can be substantial, particularly for the older population).

I want to conclude with a comment about a slightly different aspect
of the effect of deregulation on consumer welfare. I noted already that
I do not think economists have a very good grasp of what final prices
for telephone service are going to be like; indeed, I doubt that people
in the industry do either. That leads me to expect prices to fluctuate
while firms and regulators try different things and everyone gropes
toward some more stable equilibrium. As a result, economists might
also spend some time thinking about the likely cost to consumers of a
highly variant distribution of prices over some horizon.

Author’s Response: First, I would like to thank both discussants for
their excellent comments. Both sets clarified for me many of the issues
dealt with in this paper. I would like to elaborate on two of Ariel Pakes’
comments.

Pakes questions how the disturbances to the demand system are
treated in the welfare calculations and why standard errors are not
reported for the mean and percentiles of the compensating variation
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distributions given in the tables. As noted in the paper, I compute a
household’s compensating variation assuming that its unobservable
characteristics are set equal to their expected value of zero. Because
the compensating variation of any household depends on these unob-
servable characteristics, there is a considerable amount of uncertainty
about the actual value of CV(v) for any specific household. This uncer-
tainty swamps any of the uncertainty in the value of CV(v) caused by
using estimated parameters to compute it. This result explains why I
have not computed standard errors for any of the magnitudes reported
in the table. The sample mean or the estimated U.S. population mean
(using the CES sampling weights) compensating variations or percent
true cost-of-living increases are very precisely estimated, but the values
of these magnitudes for any specific household are known with much
less certainty because the value of the vector of unobservable charac-
teristics of that household is unknown, and that value can exert con-
siderable influence on the value of that household’s compensating
variation.

Pakes also expresses concern, which I share, about the loss of ob-
servations from the welfare calculations for the boundary model be-
cause of failure of the curvature restrictions on the indirect utility func-
tion at the observed prices faced by the household. This is a shortcoming
of the analysis with no clear solution. As noted in the paper, there are
no necessary and sufficient conditions for imposing the curvature re-
strictions on the demand system globally that still retain second-order
flexibility of the translog demand system. Because the translog is one
of the few functional forms that can be used to estimate the boundary
solution demand system and because of my desire to impose as few
restrictions as possible on the resulting parameter estimates, I selected
this functional form and did not impose the sufficient conditions for
satisfaction of the curvature restrictions globally. As a result, these
restrictions fail for many households in the sample because estimated
patterns of substitution recovered from the boundary solution estimates
are far from those obtained from a Cobb-Douglas indirect utility func-
tion, which the translog indirect utility function reduces to in cases
where all second-order terms are zero. In current research, I am ex-
ploring ways to incorporate demographic characteristics into demand
systems so that the number of observations failing these curvature re-
strictions can be reduced.
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