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The demand for local telephone service: a fully
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and service choices
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We present an empirical model of households’ choices among local telephone service options
{ for example, between flat-rate and measured service) and the interrelation of these choices
with the number and average duration of local calls households make at each time of day
to each geographical zone. Using a nested logit model with estimation performed on a ran-
domly selected subset of the households’ calling patterns, we calculate elasticities of demand
for each Iocal service option, number of calls, average duration, and revenues with respect
10 the fixed monthly charges and the usage charges for calling under each option. We find
moderate price elasticities of number of calls with respect to usage charges for households
subscribing 10 measured service. Nevertheless, raising usage charges has a negligible effect
on revenues, since a sufficient number of households either originally subscribe to flar-rate
service or convert to flat-rate service in response to higher usage charges. We find a high
elasticity of demand for each service option with respect to its fixed monthiy fee. This indicates
high substitutability among service options. The shift among service options induces new
calling patterns, which we find to be a small but not negligible indirect ¢ffect.

1. Introduction

B Most telephone operating companies offer residential customers several options for
local service. There are two general categories of service: flat-rate service, under which a
household can, for a fixed monthly charge, make an unlimited number of calls within a
specified geographical area, and measured service, for which the household pays a lower
fixed monthly fee but can make only a specified number (or dollar value) of calls at no extra
charge, after which charges are incurred for additional calls. Various flat-rate services differ
in the size of the geographical area in which calling is at no extra charge, with higher monthly
fees for larger areas. Measured services differ with respect to the threshold number (or dollar
value) of calls beyond which the customer is charged.
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The service option that a household chooses depends in generzal on the household’s
calling pattern, i.e., on the number and duration of calls the household makes by time of
day and distance. Households that make numerous calls or relatively expensive calls (e.g.,
at high-cost times of day or to relatively distant locations) tend to choose flat-rate service,
while households that make few, inexpensive calls tend to choose measured service. Causation
also runs in the other direction. Once a household has obtained a particular service, the
household’s calling pattern is conditional upon that choice, since the marginal price that
the household faces for calls is then given.

Previous studies have examined how a shift from flat-rate to measured service affects
economic welfare and households® calling patterns. Theory suggests that measured service
enhances economic efficiency and that the price elasticity of demand determines the extent
of the welfare gain (Alleman, 1977; Mitchell, 1978). Empirical studies have found that the
effect of the shift on demand is fairly small and depends on the demographics of the household
(Pavarini, 1979; Wilkinson, 1983; Park, Wetzel, and Mitchell, 1983; Park er a/., 1983).

We extend the previous empirical work by allowing for: (1) voluntary choice of service
by the household (to capture the opposite direction of causality, from calling patterns to
service choice); (2) a wider variety of service options; and (3) a more detailed delineation
of households’ calling patterns that includes the number and average duration of calls by
time of day and destination zone. This third extension is particularly important, given the
first two, since the detailed calling pattern of a household determines the least costly service
option. Extending the theoretical analysis to examine the welfare implications of numerous
voluntary service options is an important direction for future research.

Modelling service option choice depends critically on being able to model accurately
individual households’ calling patterns. One methaod is to divide calls into several categories
on the basis of the time and distance of the call and to estimate regression equations for
the number and average duration of calls within each category. The difficulties encountered
with this approach are well known and numerous.

(1) For any reasonable number of distinct times of day and distance bands one must estimnate
a large number of regression equations. Allowing for a full set of cross elasticities entails a
generally unmanageabie number of parameters.

(2} The dependent variables in these equations are truncated at zero, and there may be
zero calls for many of the time and zone categories for any particular household. Conse-
quently, estimating the regression equations by ordinary least squares leads to classic trun-
cation bias {Amemiya, 1974; Heckman, 1976; Lee, 1981). Correction for this bias is complex,
particularly given the number of equations and the interrelations among the equations.

(3) The concept of price in these models is problematical. Under measured service the
household incurs extra charges for calls beyond a threshold, but not for those below it. As
a result, the marginal price for a call in any category depends on the number of calls in that
and other categories that the household has previously made during the billing period.
Marginal price for any category of calls is thus endogenous to the individual household, not
only with the outcome of the regression for that category, but alse with the combined
outcome for all call categories.

Our model describes households’ interrelated choices of local service option and monthly
calling pattern in a way that avoids the above-described difficulties. We characterize each
household as choosing a particular service option and a particular calling portfclio, where
we define a portfolio of calls as a particular number and average duration of calls at each
time of day to each distance zone, We specify our model as nested logit, which is a type of
probabilistic choice mode! especially designed for handling interrelaled choice situations
(McFadden, 1978; Ben-Akiva and Lerman, 1985). With this specification the probability
of choosing a particular service option depends on the household’s expected portfolio (re-
flecting, for example, the tendency of households that place many calls to choose flat-rate
service). The portfolio that the customer chooses in a given month depends on the chosen
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service option (reflecting the fact that households’ calling patterns depend on the cost per
call under their chosen service option).’

The set of portfolios among which the household chooses is immense. We therefore
perform estimation on a sample of portfolios randomly selected according to a probability
distribution that is similar to the distribution of observed portfolios in a sample of households.
We include a correction factor in estimation to preserve consistency in the face of this
sampling.

Sampling of alternatives to estimate nested logit models has previously been used in
several situations for which the choice set is very large. Examples include households’ choices
of make and model or class of automobile (Manski and Sherman, 1980; Berkovec and Rust,
1985; Mannering and Winston, 1985; Train, 1986), households’ choices of dwelling location
and unit (Friedman, 1975; Weisbrod, Lerman, and Ben-Akiva, 1980), and travelers’ choices
of destination (Silman, 1980; Daly, 1982). These studies have used sampling procedures
that altow the correction factor to reduce either to a constant, such that 1t does not affect
estimation, or to a very simple function. We build upon this earlier work by using a more
flexible sampling procedure that Ben-Akiva and Lerman (1985) call “importance sampling,”
a procedure previously used in empirical work by Cambridge Svstematics, Inc. (1984).

Details of specification and estimation appear in Seciions 2 and 3. In Section 4 we
report results obtained from data for a sample of residential customers from a local telephone

operating comparny.

2. Specification

B Divide the times of day into distinct categories labelled 1 = 1, .. ., 7. The geographic
areas, or zones, to which a person can call under local service are labelled z = 1, ..., Z.
The number of calls that a houschold makes to zone z at time ¢ 15 N, and the average
duration of these calls 1s D,.. We define a “portfolio” of calls as a particular number and
average duration of calls to each zone during each time of day. More precisely, a portfohio
is a particular value of the vector with elements (N, ..., Ny, D). ..., Dy2).7 Label the
set of all possible portfolios as 4 and a particular portfolio as / & 4. Finally, index the
available service options by s =1, ..., 8§

1n our application three service options are available to all houscholds and two additional
services are available to some households. We describe these options in Table 1. A portfolio
is defined on the basis of the 21 time and zone categories given in Table 2.

We observe a household choosing service option s and making portfolio of calls § during
a time period.” We assume that the probability of our observing a particular (s, {} combi-

! Nested logit models have been used in numerous other contexts to capture the interrelations among discrete
choices. In particular, empirical models have been estimated for the number and make and model or class of
vehicles that a household chooses (Hensher and Le Plastrier, 1983; Hocherman, Prashker, and Ben-Akiva, 1983;
Mannering and Winston, 1985; Train, 1986); the number of vehicles to own and the mode of travel to work, such
as automobile or bus (Lerman and Ben-Akiva, 1976; Train, 1980); the mode of travel and the destination (Ben-
Akiva, 1973); related appliance choices, such as gas, electric, or oil space heating and central or room air conditioning
{Goett, 1984; Goett and McFadden, 1984); and housing location and type {Lerman. 1977). The specification of
our modet is within the tradition of these studies.

2 Note that if data are available on the duration of each call, then we can define duration categories,
d=1,...,D, and can define a portfoho as a particular value of the vector (X, . .., Nrwo).

¥ A household can also choose not to acquire access to the phone system. That is, one optioh is “no service™
with the only portfolio available under this option being no calis. The specification in the text allows for this
possibility, ]t might be more reasonable, however, to specify a three-level nested logit model with the “highest”
level being whether to acquire any service and portfolio. We do not investigate this issue since our estimation
sample consists only of househoids that have acquired service. The estimation 15 censistent under either method
of handling the choice of access: it is consistent on a subsel of aliernatives or as the “lower™ two levels of a three-
level nested logit. The estimated model does not, however, incorporate the factors and parameters that relate to
the household's decision of whether to access the system. For simulation of situations in which access is relevant,
we can conceivably combine the model with results from an empirical model of access choice with appropriate

renormalization of parameters.
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TABLE 1 Service Options
Charges for Calls
Service Availability to Nearest Zone Charges for Calls to Other Zones
Budpet Measured Available to all Each call charged Each call charged at rate that varies
customers. seven cents. with time, distance, and duraiion
of call.
Standard Available 1o afl $4.00 worth of calling is at no extra charge, then each call is
Measured customers. charged as under budget measured service.
Local Flat-Rate Available 1o all Mo exira charge. Each call charged ai raie thai varies
CUSLOMmArs. with time, distance, and duration
of calk.
Extended Local Available 1o No extra charge. Mo extra charge for calls to some
Flat-Rate customers in exchangzs: charged as under local
anly some flat-rate service for calls to other
exchanges. exchanges.
Metropelitan Available to Mo extra charge. No extra charge.
Arca Flai-Rate nonrural
CUStOImEers.

nation, given the available options and possible port{olios. is nested logit. Under this as-
sumption the appropriate nesting of alternatives {where, in this case, an alternative is an
(5, /) combination) depends on the correlations across alternatives of unobserved factors.
In particular, one must group together alternatives that are similar in unobserved factors.

We do not observe most of the specific factors that relate to portfolio choice, such as

TABLE 2 Time and Zone Categories

Zones

Times

Times of Week during Which Different Rates

Rates dunng That

Number Description Are Charged for Calls 1o That Zone Time
1 Zone immediately 9 a.M.-Y p.M., Monday-Sunday Ful) tariffs
surrounding the 7 AM.-9 P M. and 9 p.M.~Midnight. Monday- 50% oft
household’s residence. Sunday
Midnight-7 A M., Monday-Sunday 86% off
2-6 Geographic bands % AM.~9 P.M., Monday-Triday Full tariffs
successively more All other times 50% off
distant from

heousehold's residence.

7 Specific exchanges outside
of zones 1-6,
applicable only to
houszholds in certain
exchanges within a
metropolitan area.

8 Remainder of
metropolitan area in
which household
resides, applicable only
to households in
certain exchanges
within a metropolitan
area.

9 AM.-9 P.M., Monday-Friday

7 AM.-9 AM., 9 P.M.-Midnight. Monday-
Sunday

Midnight-7 a.M., Mondav-Sunday

9 A.M.-9 P.M., Saturday-Sunday

9 AM.-9 P.M,, Monday-Friday

T AM.-2 AM., 9 P.M.-Midnight, Monday-
Sunday

Midnight-7 A.M., Mondav-Sunday

9 a.M.-9 P.M., Saturday-Sunday

12% off, on average
48% off. on average

60% off, on average
56% off, on average

12% off, on average
48% off, on average

60% oft, on average
56% off, on average
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where the household’s friends and relatives live, the time and location of activities that
require telephone use, and so on. These factors are, however, similar over all service options
for any portfolio. Consequently, we nest together all alternatives with the same portfolio
but different service options. On the other hand, the primary factor affecting the choice of
service option is cost, which we do observe. Since alternatives with the same service option
but different portfolios can be similar with respect 10 observed factors, but not, at least
relatively, with respect to unobserved factors, we do not nest them together.

Under this nesting pattern the nested logit probability of observing option s and portfolio
iis

EY“_;(Z eY,,r)AAl
"
T
PR

whete Y is a parametric function of observed factors relating to service option § and port-
folio i, This expression for P is convenient since we can rewrite it as the product of two
logit probabilities. Without loss of generality we can decompose ¥ into two parts, one that
varies over both i and s and another that varies only over i

Yie= Wi+ Vi/A,
We can write P, as the product of the marginal probability of portfolio / and the conditional
probability of service option s, given portfolio i:

Pr'.f = P:'Psln
where
P=exp(F;+ M)/ 2 explV+ M) )
e
s
with 7; = 1n { 3 exp{W¥;+}) and
s'=1
s
Pyi=exp( W) 2. exp(Ws). (2)

s'=1

The term I, is the “inclusive price” of portfolio i.

Note that the direction of conditionality in this specification is from portfolio to service
option. This does not imply, however, that the household makes choices sequentially in
this manner.* As ip all nested logit models, the direction of conditionality reflects correlations
among unobserved factors across alternatives: as such it arises from patterns in the researcher’s
lack of information, rather than from the households’ decision processes.”

The coefficient of inclusive value, A, measures substitutability across alternatives. If
substitution is greater within than among nests, then 0 < A < | whereas, if substitution
among nests exceeds substitution within nests, then | < A Given our nesting pattern, the
parameter is less than one if households shift to different service options more readily than
they shift to different portfolios. It is greater than one if hauseholds shift to different portfolios

more readily than they shift to different service options.®

*1f anything. the bousehold probably does the opposite by choosing service option first and portfolio conditional
upon service opion.

5 We can generalize the specification by describing the service option choice or portiolio chaice as itself nested
logit such that the complete model is multilevel nested. Taylor (1979} proposed a2 similar approach for choice of
service option by using an elimination-by-aspects model (Tversky, 19723,

¢ A value of A exceeding one can, depending on the range of data vsed in estimation. be inconsistent with a
particular description of consumer behavior called the random utility model. There are. however, dynamic aspects
of the choice of service aption and portfolio that the random utility model does nol represent {i.e., the observed
portfolio is “built up™ over a period of time as households choose ta make additional calls, and the service option
is chosen before the portfolio is revealed). From a purely statistical perspective, the value of A indicates relative
substitutabitity within and among nests, and neither possibility can be ruled out a priori.
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This specification has several advantages. First, since F and P, are both logit, the
model is relatively inexpensive to estimate and easy to interpret. Second, the cost of any
portfolio under any service option is simply the bill that the household would receive if it
made that portfolio of calls and chose that service option.” Threshold values for calling at
no extra charge, which are based on either the number or the dollar value of calls, enter the
calculation of the cost of a portfolio under a service option in the same way as in the
telephone company’s calculation of bills. Consequently, we can readily and consistently
examine the impact of changes in tariffs and thresholds. Finally, this specification incorporates
interrelations among calling patterns and service option choices. The probability of a house-
hold’s choosing any particular portfolio changes as the tariffs or thresholds associated with
any service option change and depends on the portfolio of calls that the houschold makes.

We now describe the specification of W), and V. The only difference among service
options is the billing procedure. Consequently, we specify W to depend only on the cost
to the customer of portfolio i under option s (C;;) and option-specific constants. The spec-
ification of V; is more complex. A portfolio provides benefits through the information trans-
mitted in calls and extracts opportunity costs through the time spent on the phone.® Sup-
pressing differences in coefficients across time and zone categories and households, we specify
¥, for a portfolio with N; calls of average duration D; {with subscripts deleted to simplify

potation) as:

V=8N log 2 —aND=H0Nlog D—yN—aND,
where v = —f log ¢.

We can interpret the specification in the following way.® First, each cali made by the
household provides benefits 8 log ¢1. Thus, calls of zero duration provide no benefits. The
benefits of a call increase with its duration (more time for information transfer), but each
extra minute spent talking has decreasing marginal utility. We can think of the parameter
¢ as measuring the rate of information transfer. We expect it to be positive, but it could be
either above or below one. Consequently, v could be either negative or positive. We can
think of the parameter # as measuring the benefits from the information that can potentially
be transferred by a call. This is necessarily positive. The model assumes that the benefits
from N calls are simply N times the benefits from a single call. Second, the time spent
talking on the telephone has an opportunity cost aND. Thus. the opportunity cost depends
on the total duration ¥D of time on the phone, not on the separate values of ¥V and D.
Presumably o is positive, so that households perceive increasing opporiunity cost to the
time spent talking.

We allow the parameters to vary in two ways. The benefits from a call depend critically
on its destination, while the opportunity cost depends on the time of day the call is placed.
To reflect this we allow § to vary over zones and a to vary over time periods. In addition,
earlier studies have consistently found that household demographics affect the households’
calling patterns (Taylor, 1980, Infosino, 1980: Brandon, 1981; Park & al., 1983). We specify
the benefits from information # to vary with income and the number of phone users in the
household, and the opportunity cost of calling « to depend on income.

3. Estimation procedure

B Estimation of the parameters entering F; is complicated by the fact that the number of
possible portfolios (elements of 4) is immense. Thus, enumeration of every component in

7 §ince cost varies over  and §, it enters an element of W,. We estimate its impact on choice of portfolio and

service optien in Pji.
8 We thank Charles Manski for suggesting these concepts 10 us.
% From a purely functional-form perspective, we can view this specification without interpretation as simply

linear in N and nonlinear in D with interaction allowed between N and D.
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the denominator of F; is infeasible, Instead, we use a sample of portfolios for each household.
The sample includes the household's chosen portfolio and a subset of the portfolios that it

did not choose.
We construct the sample of portfolios for each household by drawing from the set of

all portfolios according to a prespecified probability distnibution and by adding the house-
hold's chosen alternative. Denote by B the sample of portfolios constructed for a particular
household. Denote by 7(B]{) the conditional probability of constructing the subsct B, given
that the chosen portfolio is i.'® The joint probability of drawing a chosen alternative [ and
a subset of alternatives B is

=i, B) = x(BliP;.

Thus, the conditional probability of alternative i’s being chosen. given a sample of portfolios
B, is

(Bli)P
> mBiHr
JEB
which exists if m(B]j) > 0 for all j € B. McFadden (1978) established this condition, called
the positive conditioning property, as a condition for a consistent estimator for the logit
madel with samples of alternatives.

Rewrite (3) in logit form by using (1) for P

exp(V;+ A+ Inw(Bli))

2 exp(V,+ M, +In={Bij)
JEH

il B)y= (3)

=(i|B) = (4)

McFadden (1978) has shown that under normal regularity conditions, maximizing the con-
ditional log likelihood function,

"
2 In w,(iB), (5}

h=1]

(where subscript # denotes particular households within a sample of H households) yields
consistent estimates of the unknown parameters. Note that the logit model (4) is the same
as P, except that the summation in the denominator is over all portfolios in the constructed
set B rather than in the eatire set A, and the exponentiated terms include an additive
alternative-specific correction for the bias introduced by the sampling of alternatives; we
consirain the coefficient of this variable to be one.

We specify the sampling distribution for portfolios and give the value of In x(Bli) that
results from this distribution in the Appendix. We construct a subset of ten portfolios,
consisting of the household’s chosen portfolio plus nine other sampled portfolios, for each

household.

4. Empirical results

B Woe observed the number and average duration of local calls made in November of 1984
in each time and zone category for a sample of residential customers of a local telephone
operating company on the East Coast. The sample is stratihed random on the basis of
houscholds’ locations. But it is not representative for two reasons: (1) some geographical
areas are not included because households™ local calling records were not available; and (2)
socioeconomic characteristics of the sampled households were obtained through a survey,
for which the nonresponse rate was fairly high. We rely in the analysis on the fact that
estimation of logit models on nonrepresentative samples is consistent if the sample is drawn
on the basis of exogenous factors (Manski and McFadden, 1981.)

9 Gince B pecessarily includes the chosen portfolio, x{B] ) = 0 for /€ B.
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O Service option choice conditional on portfolio. Table 3 gives estimated parameters for
each of three specifications of the cost function that enters Py,. With each specification cost
has a significantly negative impact, in that the probability of choosing a service option de-
creases as the cost of that option increases (with the cost of other options held constant).
We obtain the best fit with In (Cy,), which vields a coefficient of about two. This implies
that the ratio of probabilities for any two service options is inversely proportional 1o the

square of the ratio of their costs:
Poi _ A{_Cﬁ)ms
Ps’li Ci ’

such that the relative probabilities change at ap increasing rate as the relative costs change.
This result gives credence to the popular notion that households are relatively insensitive
1o small cost differences when they select service options and that they become increasingly
sensitive as the differences become larger.

We find that the option-specific constants are highly significant. Mechanically, the
estimated values for these constants are those that resuit in the average probability (ie.,
predicted share) for each option being equal to the actual (i.e., observed) share in the sample.

TABLE 3 Logit Model of Service Choice, Given Portfolio
Number of Customers Number of Customers
with Alternatives Who Chose the
Service Options Available Alternative

Budget Measured 2363 579
Standard Measured 2963 855
Local Flat-Rate 2963 1120
Extended Lacaf Flat-Rate &4 20
Metropolitan Area Flat-Rate 1873 389

Estimated Parameters {¢-statistics in parenthescs)

Model 3: €, Divided b,

Model 1; Model 2: Income of Household in
InC, Cy Thousands of Dollars
C,: cost of portfolio under designated —2.081 -0911 —. 4538
service optien (includes monthly (23.87) {1741 (14.51)
fixed fee and charges for calls, in
1984 dollars; specified differently in
each model).
Option-Specific Constants:
Standard Measyred 1.228 6135 5079
{17.83) {11.04) (9.282)
Loca) Flat-Rate 2.635 1.576 t.081
(24.74) (20.94) {18.07}
Extended Local Flat-Rate 2.254 1.123 8614
(7.880) (3.922) (3.279)
Metropolitan Area Flat-Rate 3.757 3474 1.317
(21.82) {17.23) (13.60)
Mumber of Households 2963 2963 2963
Initial Log Likefihood —38iz4 38124 ~38124

Log Likelihood at Convergence —3356.0 —3487.8 ~3562.3
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Intuitively, these constants capture the average effect of all unincluded vanables. Perhaps
the most important unincluded variable relating to each service option is the insurance
qualitv of the option. Under flat-rate services, for an additional fixed charge the household
is provided an upper limit on charges for calling within a certain geographic area. The wider
the area of calling at no extra charge, the more valuable 1s the insurance the option provides.
The estimated constants are consistent with this concept. Budget measured service
provides no insurance, since there is a charge for each call: its constant, which is zero by
normalization, is lower than those estimated for all the other service options. Standard
measured service insures against cost variation within a range of calls (i.e., below the thresh-
old), while local flat-rate service provides complete insurance for all calls in a local area;
the constant for local flat-rate service exceeds that for the standard measured service. Finally,
metropolitan area flat-rate service provides insurance for a wider area than local flat-rate
service and local extended flat-rate services. and its constant is consequently greater.'*

0 Portfolio choice. Table 4 presents the estimated parameters of the model of portfolio
choice, with inclusive value based on service-choice model 1 in which cost enters in loga-
rithmic form.’? All of the parameters enter with the expected signs and reasonable relative

TABLE 4 Logit Model of Service Option Choice Conditional on Portfolio
Alternative Set: The household’s chosen portfoiio plus nine portfolios selecied randomly from the set of all available
portifolios.
Exptanatory Vanabie Coefhicient £-Statistic
Benefits of Information (#):
N log O for calls 10 zone ! 0239 11.8
N log D for calis 10 zones 2-6 0410 13,10
N log D far cails to zones 7-§ 0474 11.11
% (Population of zone in millions) N log D for zone 00752 14.58
{Income of household in thousands of $¥N log D for all zones) 213x 1070 313
(Numpber of tetephone users in hoeuschold XA log £ for all zones) —- 755 x10° 4,015
Rate of Information Transfer (—v):
Total number of calls (¥ to all zones) - 850 §.525
Opportunity Cost of Conversation Minutes (—ak
Total duration at 9 A.M.-9 P.M. to zone ] —-00472 1011
Total duration 7 A.M.-9 A.M. and 9 P.M.~-midnight to zone | —.00438 8.475
Total duration midnight-7 A.M. to zone } —.00504 5.158
Total duration for 9 A.M.-% P.M, to zones 2-§ -.00141 1.866
Total duration for § P.M.-9 A.M. to zones 2-8 -.0111 12.56
(Housebold income in thousands of $¥Total duration all zones
and times) 0606 X 1073 3.22
Other Variables
Inclusive value of service option choice (using maodel | of Table 3) 4.178 13.68
Sampling correction factor (coefficient ts constrained 10 1.0) 1.0 -
Numbher of Househalds 3038
Log Likelihood at Zero —~712549
—6242.8

Log Likelihood at Convergence

I+ We cannot compare extended local flat-rate service with local flat-rate service since the formner s only
available to some households, so that the uninchided variables are averaged over different populations. A
12 The estimated parameters of the portfolio choice model are essentially the same under all thres specifications

of the service choice model given 1 Table 2.
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magnitudes. Their interpretation is generally straightforward at this point. There are, however,
two aspects of the parameter estimates that warrant discussion.

First, the coefficient of inclusive value exceeds one. This implies that substitution among
nests {i.¢., from one portfolio to another) occurs more readily than substitution within nests
(i.e., from one service option to another.) Stated more directly, households respond to price
changes more readily by adjusting their calling patterns than by shifling to different service
options,

Second, we estimate that the function V;, and hence the probability of choosing port-
folio {, decrease in the number of calls. We expect this result for two reasons.

(1) Recall that there are multiple time-of-day and destination zone categories. As the total
number of calls increases, the number of portfolios that are possible with that number of
calls increases. For example, there is only one portfolio of no calls, but there are 21 port-
folios—when we ignore duration—associated with making a total of one call-—a portfolio
for each ume and zone category in which that one call could be made. Therefore, if
the probability of making a certain total number of calls increases with the number of calls,
but increases less rapidly than the number of portfolios that are possible with that number
of calls, then the probability of each portfolio must decrease in the number of calls. This is
what is occurring in the estimated model.

(2) It is reasonable to expect that the probability of a household’s making a particular
number of calls reaches a maximum at some finite number of calls. The number of portfolios
that are possible with a certain number of calls increases with the number of calls, but does
50 at a continuously decreasing rate. Consequently, if ¥, decrcases linearly with the number
of calls {as the estimates in Table 4 indicate), then the probability of making a certain
number of calls first increases with the number of calls (with the expansion of the number
of possible portfolios dominating the decrease in F; minus the cost of each portfolio), but
eventually decreases (when the decrease in V;, which is linear in the number of calls, starts
to dominate the diminishing expansion in the number of portfolios).

5. Estimated aggregate price elasticities

B Price elasticities in the model vary over customers and, for any customer, depend on
current prices and all other factors entering the model. Correspondingly, aggregate price
elasticities are specific 1o a particular population at a particular time. To show the order of
magnitude of the elasticities implied by the model, we calculate price elasticities for the
estimation sample.'* These appear in Table 5,

We find that own-price elasticities for the monthly fixed charge of each service are
fairly high. This indicates a high degree of substitutability among the services."* The cross
price elasticities reflect initial market shares. For example, since the demand for local flat-
rate service is very large compared with the demand for the other services, the shift in
demand that results from an increase in the fixed monthly charge of local flat-rate service

1* We adjusted the alternative specific constants in the service choice model to reflect actual shares in the
telephone company’s service area. See Train (1986, Section 2.6} for a discussion of the consistency of such an
adjustment.

'* These high elasticities do not contradict the earfier conclusion (based on the estimated value of the inclusive
value coefficient) that substitution among portfolios is higher than that ameng services. (Or, more preciscly, they
do not imply that the elasticity of portfolio choice is even higher.} An inclusive price coefficient that exceeds one
indicates that if the cost of a particular portfolio under a service option increases, and the costs of all other portfolio-
service option combinations remain the same, then households will switch 10 other portfolios more readily than
they will shifi 1o other service options. In this situation households can avoid the extra charge by changing either
portfolio or service option, The elasticities with respect to fixed monthly charges, given in Table 5, represent a
different situation. A household can avoid the additional fixed charge for a service only by changing service options;
if it changes portfolio and not service option, thea it must still bear the additional charge.
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TABLE 5 Estimated Price Elasticities

Monthly Fined Charge for Service
(initial shares in parentheses}

Charge for  Charge for

. Extended  Metropolitan tst Min. Addi.

Budpet Standard Local Local Area Charge for  for Calis Mins, for

Messured Measured  Flat-Rate  Flai-Rate Flat-Rate Calls to 10 Zones Calls to
(.05) {.1%) (.74) [#110] (.05) Zone | 2-8 Zones 1-8
Number of Households
Choosing:

Budget measured -1.06 16 152 02 11 —.4} - 04 -4
Siandarg measured Kk -1.38 1.36 ki 14 —.26 -.04 ~-03
Locat flat 67 23 —.46 .01 11 .03 -0 -0l
Extended local flat 11 1t A5 -91 M .08 06 06
Metro flat 04 22 1.07 .04 -2.12 07 21 21
Number of Calls .14 14 -.29 -.00 —.06 -0z - — O
Average Duration 00 00 00 OO 00 .00 01 -1
Total Revenues 04 1R 56 0l 02 05 07 06

constitutes a relatively high percentage increase in the demand for other services. Conversely,
the extended loca! flat-rate service option captures only a very small share of the market.
Therefore, an increase in the fixed charge has a relatively small effect on the demand for
the other services. This occurs even though the own-price elasticity for extended local flat-
rate service is about twice that of local flat-rate service.

Our results show that increasing the fixed charge for each service affects the number
of calls made by households in the expected way. Increases in the fixed charge of measured
services shifts customers to flat-rate services, under which customers make more calls since
the marginal price of calling is lower. Conversely, increasing the fixed charge of flat-rate
services decreases the amount of calling since customers shift to measured services, under
which calling is relatively expensive.

As expected, increasing the charges for marginal calls—particularly for zone | calls,
which constitute about 80% of all calls—shifts customers from measured to flat-rate services.
These elasticities are generally fairly low, however.

We find that charges for marginal calls have a very small effect on the total number of
calls households make. This is so Jargely because in the great majority of cases customers
are not charged for marginal calls, Zone | calls are at no extra charge 1o four-fifths of
custamers (those choosing flat-rate services). All zone 2-8 calls are at no extra charge for
customers with metropolitan area flat-rate service, and many of these calls are at no extra
charge under extended local flat-rate service. Customers with standard measured service do
not pay for marginal calls if they are below the threshoid of calling at no e¢xtra charge.

To determine the price response of customers who face charges for marginal calls, we
consider those customers with budget measured service, The own-price elasticity of zone |
calls for these customers is about one-half (—.45 to be precise). For customers with standard
measured service. some of whom make calls beyond the threshold for calling at no extra
charge and some of whom do not, the elasticity is —.38, which is consistent with an elasticity
of somewhat less than one-half for customers who actually face charges for calling on

the margin *’

1> Note that for households with budget or standard measured service the elasticity of option shares with
respect 5o the charge for calls is Jower than the glasticity of the number of calls made (- .41 compared with —.45
for houscholds with budget measured service and —.26 compared with —.38 for househotds with standard meascred
service). These relative magnitudes are consistent with the earlier statement (based on the inclusive value coefficient)
that if households can avoid a price increase by eithes changing portfolios or changing services, the households will
respond by shifting to different portfolios more readily than by changing service options.
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These estimates are considerably higher than those obtained by Park, Wetzel, and
Mitchell (1983) for households with mandatory measured service. They estimate that the
own-price elasticity of local calls is —3.0 times the price for each call (in 1979 dollars) and
point out that when households have the option to switch to flat-rate services, the elasticity
will be lower. With the prices in our study, their formula gives an elasticity of —.15. Direct
comparison is difficult, however, since our estimates of —.45 and —.38 are for households
that chose measured services, while those of Park, Wetzel, and Mitchell are for all households
under mandatory measured service.

We find that the average duration of a call is essentially unaffected by charges asso-
ciated with calling. The charge for calls to zone 1 and the ininal period charge for calls to
zones 2-8 do not depend on the call’s duration. Conseguently, except for the effect of shifts
to different services, we do not expect the average duration of a call to respond to these
charges. We do, however, expect the cost of additional minutes of conversation for calls to
zones 2-8 to affect the average duration of a call. Only a fifth of all calls are to zones 2-8,
however, andd many of these calls are made by customers who use standard measured service
and are below the threshold for calling at no extra charge or who used metropolitan area
flat-rate service. Given the few calls for which duration charges are actually levied, the effect
of changes in such charges on the average duration of all calls is necessarily small.

We find that changes in calling charges also have a smali effect on telephone company
revenues. Since there is no extra charge for most calls, price increases translate into relatively
small revenue gains independently of how responsive or nonresponsive customers are, The
elasticities in Table § are for each of the three separate calling charges: for calls to zomne |
and for initial and additional minutes of conversation on calls to zones 2-8. Consequently.
a 1% increase in one type of charge Tepresents a less than 1% increase in all charges for
calling. It is perhaps more natural for us to consider the elasticity with respect Lo 1ncreases
in all charges for calling; this is simply the sum of the elasticities with respect to each
individual charge: .18. This figure is still fairly smatl. This indicates that raising charges for
calls, while maintaining a set of service ofterings that allow numerous opportunities for
calling at no extra charge, is not a particularly effective method for raising revenues.

6. Conclusions

B Using a fully discrete model of calling patterns and service choice allows us 1o estimate
households’ responses to changes in fixed charges for service options, calling charges for
initial and additional minutes by time of day and distance, and thresholds for calling at no
extra charge. The responses we estimate incorporate the interdependence of the choice of
service option with the number and duration of calls made by the household by time of
day and distance. Furthermore, the estimation procedure is fairly simple. Had we used
standard regression approaches and appropriately corrected for endogeneity and truncation,
our analysis would have been more complex. Even with such corrections. we could not
have readily handled the changes in the thresholds for calling at no extra charge,

Qur analysis provides substantive information on how households respond to price
changes for service options and calls. If houscholds face a price increasc that they can avoid
by changing either their calling patterns or service options, they tend to change their calling
patterns more readily than their service options. When households face positive prices for
calls {e.g., under measured services), they respond to an increase in the price by reducing
moderately the number of calls made (an clasticity in the range of one-half); in addition,
although to a lesser extent, they shift to services that allow calling at no extra charge. On
average, however, the elasticity of the number of calls made with respect to calling charges
is very small, since extra charges are not levied for most calls. For price increases that can
be avoided only by changing service options (e.g., fixed charges for service options), house-
holds switch services fairly readily. This indicates, as we would expect, that households
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consider the vafious options close substitutes.'® Furthermore, as the price of one service
increases, households shift from that service to other services at an increasing rate; that is,
the own-price elasticity of each option share increases with its price.

Appendix
"W The task is io-specify & sampling -distAbution for portfolios and to calculate Inx(B[i} on the basis of this
distribution. A straightforward way to sample portfolios is to specify independent probability distributions for the
number of calls and the average duration of calls to each zone during each time of day. Let Gif - } by a cumulative
distribution, specified by the researcher, for number of calls N, to zone = during time {. Denote the corresponding
density function as g.{ -). Let H.{-) be a cumulative distribution for average duration 2, of calls to zone z during
time £, with corresponding density k. - ). We sample a portfolio of calls by drawing an N,; and I, from distributions
G {+)and H,{-) for each tz. The probability of constructing subset & for a household that chose alternative ¢ is
therefore
F Z
o{(Bli) = k [] [] T] 2l NI L Di2)
B =1 z=t
e
for B containing i and =(B|#) = 0 for B not containing i, where N, and D/, are the number of calls and the average
duration of calls to zone z at time ¢ in portfolio j, and k is 2 normalizing constant defined such that =( 8|} sums
1o one over elements of B. Taking logs, we obtain

- T Z T Z
Inn(Bii}= k=T Zlag N - 3 T lnhd B (A1)

=l t=lzml

This is the correction term that ¢tters the conditional likelihood function. Note that sinee k is constant over
elements of B, it has no effect on »(iB) in (4), and consequently it need not be included in the correction term.

Our final task. therefore, is to specify G -} and H.(+). Since N is discrete and D continuous, we give below
a candidate distribution of each type and its corresponding correction factors,

O FExponential distribution for the number of calls made. The exponential distnbution is
GAN) = | =™,

whers p,. is the mean number of calls at time f to zone z (chosen to match. perhaps, the observed meaas for the
sample of households). We draw a random number g uniformly from the unit interval, and define

‘sz = INH—#:-:ID q).
where INT denotes the nearest integer value, The associated density value is

10 8t N} = In (G Ni + 1) = G N = (Nofu) = In (1 — &™),

O Truncated aipha-Erfang distribution for the duration of calls. For duration we consider 2n alpha-Erlang dis-
tribution, truncated at maximum duration MAX,, and renormalized. The alpha-Erlang distribution 15
s (D3,
HiDy=1 —EXD(‘Dfﬁe:)( = (-*',")

o

where a,. and 3. are the parameters of the distribution such that the mean equals a8, and the variance

equals oS
Let ;. be the mean and w,; be the standard deviation of the duration of calls to zone z at time . We set

&, = INTUjw, ¥ and B, = nyfa,, truncate the distebution at AMAX,. and renormalize. The procodure is as follows.
First. we calculate H.{MAX,,). Then we draw e, random numbers from the unit interval and label these ¢, for
., m,. Next we define Dy, = —f..In T1 .. Finally, we deterrnine whether D 2 MAX,. 1 so, we retum to

=1
the second step and tepeat the procedure. H not, we use Dy, as the selecied vajue of average duration for time ¢ and
zone z. The associated density value is:

In h::(Drz) =ln {-B;QUD?:HH exD(_-Dul"ﬁt:)”{a -1 )lffg_-(n'fﬂn)] 1 -

i=1,..

16 Households nevertheless switch among services considerably less than we would expect under pure cost
minimization.
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