INFORMATION TO USERS

While the most advanced technology has been used to
photograph and reproduce this manuscript, the quality of
the reproduction is heavily dependent upon the quality of
the material submitted. For example:

@ Manuscript pages may have indistinct print. In such
cases, the best available copy has been filmed.

® Manuscripts may not always be complete. In such
cases, a note will indicate that it is not possible to
obtain missing pages.

© Copyrighted material may have been removed from
the manuscript. In such cases, a note will indicate the
deletion.

Oversize materials (e.g., maps, drawings, and charts) are
photographed by sectioning the original, beginning at the
upper left-hand corner and continuing from left to right in
equal sections with small overlaps. Each oversize page is
also filmed as one exposure and is available, for an
additional charge, as a standard 35mm slide or as a 17”x 23”
black and white photographic print.

Most photographs reproduce acceptably on positive
microfilm or microfiche but lack the clarity on xerographic
copies made from the microfilm. For an additional charge,
35mm slides of 6”x 9” black and white photographic prints
are available for any photographs or illustrations that
cannot be reproduced satisfactorily by xerography.






8709885

Kridel, Donald Jack

AN ANALYSIS OF THE RESIDENTIAL DEMAND FOR ACCESS TO THE
TELEPHONE NETWORK

The University of Arizona PH.D. 1987

University
Microfilms
International soon. zesb road, Ann Arbor, i 48105






AN ANALYSIS OF THE RESIDENTIAL DEMAND
FOR ACCESS TO THE TELEPHONE NETWORK

by
Donald Jack Kridel

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF ECONOMICS

In Partial Fulfillment of the Requirements
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

1987



THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have read

the dissertation prepared by Donald Jack Kridel

entitled An Analysis of the Residential Demand for Access to the

Telephone Network

and recammend that it be accepted as fulfilling the dissertation requirement
for the Degree of Doctor of Philosophy .

Date

_M@?@A — XL/ 6

Witaed R.Rivarnr n(/n-'/zg

Date

Date

Date

Final approval and acceptance of this dissertation is contingent upon the
candidate's submission of the final copy of the dissertation to the Graduate

College.

I hereby certify that I have read this dissertation prepared under my
direction and recommend that it be accepted as fulfilling the dissertation

requirement.

@@/m 227 [/ = /=6

Dissértation Director / : Date




STATEMENT BY AUTHOR

This.dissertation has been submitted in partial fulfillment of
requirements for an advanced degree at The University of Arizona and is
deposited in the University Library to be made available to borrowers
under rules of the Library.

Brief quotations from this dissertation are allowable without
special permission, provided that accurate acknowledgment of source
is made. Requests for permission for extended quotation from or
reproduction of this manuscript in whole or in part may be granted by
the head of the major department or the Dean of the Graduate College
when in his or her judgment the proposed use of the material is in the
interests of scholarship. In all other instances, however, permission
must be obtained from the author.

SIGNED:’ D@Jo/ T%M




ACKNOWLEDGEMENTS

In my case, the completion of the dissertation was like
running a marathon. Along the way there were many supporters
patiently manning the water stops and prodding me to the finish line.
In particular, I would like to thank my wife Becky, our children
(Michael and Jesse), and our parents for encouragement and for
understanding the long hours. I would Tike to also acknowledge the
assistance provided by my committee (Lester Taylor, Ronald Oaxaca, and
Michael Ransom), but especially to Les for his guidance and patience.
Without it, I would have been terminally "ABD". I would also like to
thank Don Dolk for programming support and Judy Seibel for typing the
dissertation. Finally, while I was warned on numerous occasions
about the peril of leaving before completion, unfortunaté]y I had to
learn this lesson myself. I did. The process of completing this
dissertation over the last four years is best described by the words
of David Byrne:

This ain't no party, this ain't no disco,
This ain't no fooling around,

No time for dancing, or lovey dovey,
I ain't got time for that now.

ifi



TABLE OF CONTENTS

Page
LISTOF TABLES . . . « ¢ ¢ v v v v o o o & e e e e e e e vi
LIST OF ILLUSTRATIONS . . . . v ¢ ¢ 4 v o ¢ o o o o o o o & ix
R I 1 X
INTRODUCTION . . & v v v v v s et e o e o e o oo s o o s 1
A BRIEF HISTORY, OF
TELECOMMUNICATIONS PRICING . . . + « « « v v v o v o . . 7
A REVIEW OF EMPIRICAL TELEPHONE
ACCESS STUDIES . . + v . « 4 + . . e e e e e e e 22
3.1 Econometric Telephone Access Studies . . . . . . 24
3.2 Non-Econometric Telephone Access Studies . . . . 42
A THEORY OF TELEPHONE ACCESS DEMAND . . . . « v v . .+ . . . 56
ESTIMATION + v v v v v v e vt e e e e e e e e e .. 1T
MODEL VALIDATION . . . . & & v v v v v v o o e s e o o o & 92
6.1 Internal Validation: Estimation . .. . . . .. 92
6.2 Internal Validation: Prediction . .. .. . . . 107
6.3 External Validation: Prediction . .. ... .. 113
RESULTS & v 0 v o i e e e e e e s e e v e o s o s o s s 116
7.1 Model Results . . . . v v v v v v v v s o o o s 116
7.2 UHelfare Analysis . & ¢« v v v v ¢ ¢ o o o o o o 126
CONCLUSIONS . v v ¢ 4 v v v e v v o e e oo o e e o a o 133
APPENDIX A: ESTIMATION AND PREDICTION WITH ‘
DISCRETE DATA . . . . . . . P 137
A.1 Ordinary Least Squares . . . . « « « ¢ v « & . 137
A.2 Maximum Likelihood Estimation . . . . . . . . . . " 139
A.3 Prediction with DiscreteData . . . . ... . .. 143

iv



TABLE OF CONTENTS--Continued

Page

APPENDIX B: TECHNICAL NOTES ON ESTIMATION . . .. . . .. 149
B.1 Computing Algorithm .,; ............. 149

B.2 Jackknife Technique . . . . . . . « . ¢« ¢« v . « & 151

B.3 Monte Carlo Study . . . . . . . ... ... ... 154
APPENDIX C: LINEAR PROBABILITY MODEL . . + o o v o o . . . 162
APPENDIX D: RESIDENCE BASIC EXCHANGE MODEL . . . . . . . . 167

LIST OF REFERENCES . . . . . . . . ¢ ¢ v v v v v v v v . 172



LIST OF TABLES

Tab1é Page
3.1 Access Elasticities Estimates as of 1980 . . . . . . . . 25
3.2 1978 Perl Model: Coefficient Estimates . . . .. . . .. 30
3.3 1978 Perl Model: Response to $1

increase inN 3CCESS PriCe .+ & v ¢ o o o o« o o o o o o o 32
3.4 1983 Perl Model: Pyrice Elasticity Estimates

at Alternative Price and Development Levels . . . . . . 37
3.5 1983 Perl Model: Telephone Development

by Income Group . . . & ¢ v ¢ ¢ o & ¢ ¢ o ¢ o ¢ o o o a 38
3.6 1983 Perl Model: Coefficient Estimates . . . . . . . . . 40
5.1 Estimating Equation 5.26 . . . . ¢« ¢ ¢« 4« ¢« ¢ e e e o o o 89
5.2 Equation 5.26: Coefficient Estimates . . . . . . . . . .91
6.1 Equation 5.26: Predictions for Doubling

' of Rates -- by State . . . . . . . .. ... ... .. 93

6.2 Equation 5.26: Predictions for Doubling

of Rates -- Southwestern Bell Subgroups . . . . . . .. 94
6.3 Estimating Equation with Toll Excluded . . . ... ... 96

6.4 Equation with Toll Excluded: Predictions for
Doubling of Rates -- by State . . . . « . . « ¢« . « . . 98

6.5 Equation with Toll Excluded: Predictions for :
Doubling of Rates -~ Southwestern Bell Subgroups . . . 99

6.6 Estimating Equation with High Toll Elasticity . . . . . . 100

6.7 High Toll E]astic%ty Equation: Predictions for '
Doubling of Rates -- by State . . . . « . . . ¢« .« « . . 101

6.8 ~ High Toll Elasticity Equation: Predictions for
~ Doubling of Rates -- Southwestern Bell Subgroups . . . 102

6.9 Estimating Equation with Age as Random Variable . . . . . 103

vi



Table
6.

~N OO o O

o
)

o jve) ~! ~
. . . .

(o] w (==
. .

10

11

.12
.13

.14

.15
.16
.17
.1

LIST OF TABLES--Continued

Equation with Age: Predictions for Doubling

of Rates -- by State . . « . ¢ v ¢« v v ¢ ¢ o ¢ 4
Equation with Age: Predictions for Doubling

of Rates -- Southwestern Bell Subgroups . . . . . .
Estimating Equation 6.1 . . . . . . . . + + &« ¢« . .
Equation 6.1: Predictions for Doubling

of Rates -~ by State . . . . ¢« ¢« ¢« ¢ ¢ ¢ ¢ o e .
Equation 6.1: Predictions for Doubling

of Rates -- Southwestern Bell Subgroups . . . . . .
Hold-out Sample Test . . . . . .. ... .. ...
Prediction Test - Texas . . . . « « . . e e e e e
Perl Comparison: A1l Rates Doubled . . . . . . . ..

Development and Repression: 100% Access

Price Increases -- by State . . . . . . . . . . ..

Development and Repression: 100% Access
Price Increases -- Southwestern Bell Subgroups

Effects of "Current" FCC Access Charge Plan . . . . .
Effects of Initial $1 EUCL . . . . . . ¢« v o & o & &
Jackknife Results . . . . . . . .. ... o 0.
First Stage Monte Carlo . . . . . . . ... ... ..
Second Stage Monte Carlo: N(O,1) . . . . . . . ...
Second Stage Monte Carlo: N(0,.25) . . . . . . . ..

Third Stage Monte Carlo: Repression and

Development Predictions . . . . . . ... . .. ..

Original OLS Specification . . . . . . . . . .« .« ..

OLS Equation: Predictions for Doubling

of Rates -- by State . . . . . . « ¢« v v ¢ v o .

Page

105

106
108

109

110
112
112
112

118



viii
LIST OF TABLES--Continued
Table Page

C.3 OLS Equation: Predictions for Doubling .
of Rates -- Southwestern Bell Subgroups . . . . . . . . 166

D.1 Southwestern Bell Residence Basic Exchange
Service Demand Model . . . . . ¢ ¢ ¢ ¢« ¢ ¢« ¢ s o ¢ o o 170



LIST OF ILLUSTRATIONS

Figure Page
I. Fundamental Graphic for Welfare Analysis . . . . . . . . . 128

II. Error Associated with "Average Individual"
Prediction . . . « ¢ ¢ ¢ v ¢« v o 0 v s o 0 s o e+« « 145

ix



ABSTRACT

Universal service is the focal point of the economic dilemma
faced by the telecommunications industry. The advent of competition
spurred by several regulatory rulings is forcing rates towards economic
costs, It is feared that this movement or the erosion of the toll-to-
Tocal subsidy with concomitant increases in local prices severely
threatens the concept of unive;sa1 service. To adequately address
these fears, accurate elasticity of demand estimates for telephone
access are required.

This thesis develops estimates of these demand elasticities for
access. These estimates are derived consistently from an underlying
theor} of demand for access. Furthermore, the simultaneous access and
class-of-service choice problems are addressed similarly. This
consistent development facilitates model usage and interpretation. For
example, the model provides the best available estimate for the size of
the network externality.

Taking into account the underlying demand theory and
"acknowledging the problems associatgd with the aggregated nature of
the data set (census tract data from 1980 Census), a modified probit
technique is developed to estimate the.demand model. The estimation
methodology is implemented using an-itgrative least square procedure.
To analyze the ireasonableness of the algorithm and procedure, a Monte
Carlo study is perforhed. In addition, a jackknife technique is
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employed to estimate variances of coefficients when the standard
measures are unavailable.

The model results are used to analyze the effect of current
policy decisions. For example, for a proposed doubling of access
prices the demand for access elasticity is found to be quite small,.
about -.04. A welfare analysis is performed to discuss the costs and
benefits associated with moving to cost-based rates. This analysis
also provides the basis for rate recommendations to facilitate the
transition to competition while attempting to preserve the concept of

universal service.



CHAPTER ONE
INTRODUCTION

The telecommunications industry is at once going through a very
difficult transition and heretofore unseen public scrutiny and aware-
ness. Since the announcement of the breakup of the Bell System in
early 1982, volumes have been written on the industry. The divestiture
of the Bell Operating Companies (BOCs) by American Telephone and
Telegraph (AT&T) was the largest .corporate divorce in history. Some
. Tauded the divestiture as the coming of the new era in telecommuni-
cations, e.g., competition in some services, more efficient pricing,
etc: Others concentrated on the negatives of the split -- the end of
one-stop shopping, AT&T's seeming advantages and the disadvantages of
the BOCs, etc. Nonetheless all thought the coming changes
unprecedented in the industry. .

The item that attracted the most attention, however, was the
Federal Communications Commission's Access Charge Plan. While the
interstate carriers (primarily AT&T) were to pay subsidy laden rates to
the BOCs for access to the customers or end-users, the Access Charge
Plan was intended to shift this burden to the customers over some
transition period. Thus, the customer was to pay a Carrier Access Line
Charge or CALC (Iater to become End User Common Line Charge or EUCL and
later still the Subscriber Line Charge or SLC) to have access to a long
distance carrier. The plan met criticism almost immediately. First,

1



the name picked by the FCC can be described as poor at best. The
immediate reaction was that it was unfair to pay for access to a
carrier if access was not required, e.g., if a partjcu]ar end-user did
‘not use the toll network. Of course, the EUCL (the name we'll use for
the rest of the thesis) had nothing to do with paying for access to a
toll carrier. In fact, it was merely a transitional mechanism to shift
costs back to the cost-causers. That is to say, the FCC viewed the
EUCL as a way to end the well known toll-to-local subsidy.

The second, and the more important criticism directed towards
the EUCL plan, was that this shifting of burden would destroy universal
service. Suddenly, all emphasis was shifted toward the protection of
this oft-cited but rarely defined concept. The typical definition (from
the 1934 Communications Act) is "... to make available, so far as
possible, to all people of the United States a rapid efficient nation-
wide and worldwide wire and radio communications service with adequate
facilities at reasonable charges." This definition, however, lends
little guidance for policy makers. As a result, the definition for
public policy seems to have evolved into today's telephone development
or penetration rate. In other words, the development rate we observe
today is universal service -- anything lower is not. Obviously, such a
discrete definition does not lend itself to public choices that involve
costs and benefits. This is especially important given the relative
importance that universal service ha§ received in the regulatory
proceedings. For example, i% a proposed rate desigﬁ offered very large
benefits in tol1 markets for a small decreasé in te]ebhone development,

then one would hope that the benefits would be compared with costs and



the optimal choice made. However, since this small reduction in
development is interpreted to "destroy" universal service, the trade-
off between costs and benefits is never adequately evaluated. The
status quo is simply chosen and universal service is protected.

This myopic view, however, is being threatened. As described
in more detail in the next chapter, competitive market forces are-
beginning to erode this toll-to-Tocal subsidy. As this subsidy is
reduced, either through transitional reguiatory schemgs similar to
EUCLs or through the intervention of competition, local rates will be
forced to increase. It should be no surprise that local service (or
access) like all other economic goods reacts to price. The degree of
this response or the price elasticity should be a key input to regula-
tory decisions in the industry. In particular, we can see that these
elasticities will also be useful by subscriber group. For example, the
elasticity of demand for poverty stricken households would be more
important to regulators than the price responsiveness of affiuent
suburbanites, It is the major aim of this study to provide sound
estimates of these price elasticities. In particular, we are concerned
with developing these elasticity estimates consistently from underlying
economic theory.

While there were estimates of price elasticities available (see
survey in Chapfer Three), these, for one reason or another, were judged
to be deficienf or not applicable for the situation facing Southwestern
Bell Telephone Company (SWBT). A model was needed that could be used

by SWBT in filings in the five states that it serves. Studies from



areas other than those served by SWBT were not satisfactory for this
purpose. The only studies available for general use were an internal
SWBT pooled time-series cross-section regression model and the Peri
(1983) study. While Chapter Three provides detailed discussions about
the technical strengths and weaknesses of these models, introductory
comments are required here since they provide an important basis for
undertaking our study. The SWBT pooled model was judged deficient
since it provided only aggregate price response, e.g., subscriber group
responses were unavai]ab]e: Aside from the technical weaknesses
discussed in the third chapter, the Perl (1983) model was judged
deficient since it did not addreés all subscriber groups of interest in
SWBT (e.g., Hispanics and American Indians). Furthermore, there was a
political uncertainty surrounding the acceptance by SWBT regulators of
the Perl study. This cont}oversy centered around the sponsorship and
use of the two Perl studies. The initial Perl (1978) study was
commissioned by AT&T and was used in the Justice Department antitrust
suit to show that universal service would be severely handicapped by
breaking up the Bell System. The 1983 stddy which yielded lower
elasticity estimates was commissioned by Bell Communications Research
(BCR) -- a Bell Labs type research organization wholly owned by the
divested BOCs. The latter Perl study was used to show that divestiture
and associated price changes posed no significant threat to universal
service. This apparent contradiction was not lost on regulators.

In addition to the elasticity estimates, our study provides a

somewhat unique cost-benefit analysis of a prominent pricing strategy.



The analysis is based on simple welfare calculations well-known to
economists. While these have been prebared before, we attempt to
discuss the costs from a policy makers perspective. In particular,
these costs or reductions in development are split into three mutually
exclusive groups. The effects on these groups and responsive price
proposals are then addressed. This analysis is detailed in the Tlast
section of Chapter Seven. |

At this point, it is instructive to move on. The rest of the
study will bekpresented as. follows. We begin by providing a brief
history of the industry in’Chapter Two. In this section, we provide a
glimpse at industry pricing historically. We then discuss the key
regulatory ruiings and their effect. Additionally, the role of techno-
logical innovation in the change of industry structure is noted.
Chapter Three reviews the existing empirical étudies of access demand.
This chapter provides a brief discussion of access and a survey of
empirical demand studies. We survey the most prominent theories of
demand for telephone access in Chapter Four. Using these studies as
background, a theory of demand for access to the network is then
developed. Using this theory as a starting point, Chapter Five
describes the data and details the estimation methodology employed.
Model vq]idation is provided in Chapter Six. This testing concentrates
on the importance of key model assumptions and includes a comparison of
predictions with other research. Chapter Seven provides the model
results, i.e., the estimated price responsiveness of access demand. In
addition, a welfare analysis based on our model results is provided in

the chapter. Ultimately, our.contribution will be judged on the



results presented in this chapter. Chapter Eight culminates with our
conclusions and suggestions for future research. Four appendices
follow the final chapter. Appendix A describes estimation problems
when using ordinary least squares with discrete data. A brief
description of maximum 1ikelihood estimation -- the technique typically
used with discrete data -- is also provided. In addition, the probiem
of predicting with discrete choice models is discussed. Appendix B is
a technical appendix that describes our estimation algorithm, Monte
Carlo studies, and jackknife techniques. Appendix C contains the
original linear probability model, predictions with the model, and a
brief discuésion of the problems with these predictions. Finally,
Appendix D describes an updated version of the SWBT pooled time-series

cross-section model discussed in the third chapter.



CHAPTER TWO
A BRIEF HISTORY OF TELECOMMUNICATIONS PRICING

The American telecommunications industry has béen and may
continue to be a highly regulated industry. The FCC regulates the
interstate portion of the industry. This primarily involves setting
the rates for interstate toll, WATS, and now interstate access
charges. Various state regulatory agencies have responsibility for the
intrastate portion of the business. Typically, the state Public
Utility Commission sets intrastate toll, WATS, basic exchange rates
and now intrastate access charges.

In its infancy, telecommunications was a local service. As
long-distance services and system interconnection became a reality,
revenues from multi-company services had to be divided. Additionally,
the industry was regulated at both the national and state level. The
telephone industry developed a system of "separations and settlements"”
to §hare these revenues. Each company separated its local exchange
costs or revenue requirement into intrastate and interstate. These
cost allocations were the basis of the allocation of revenue via the
carriers' settlements process.

| Prior to 1943, each telephone company recovered its subscriber
plant costs (SPC) from its own subscribers. In 1943, the separations
process was changed to allocate a portion of SPC to the interstate
jurisdiction. The allocation was initially based on relative use,
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since about 3% of total use was interstate toll then 3% of SPC was
allocated to the interstate jurisdicfion regulated by the FCC. This
"relative use" method was used until 1952 when it was replaced by
weighted relative use. This weight is called the subscriber plant
factor (3PF), and its current value is approximately 3.3. Thus, the
portion allocated to interstate is 3.3 times the current relative use.
The increases in relative use and SPF have led to dramatic increases in
the portion of costs allocated to the interstate jurisdiction.1 This
in turn causes interstate rates to be higher in order to recover these
"costs” or more accurately revenue requirements.

During this same period, the communications industry had been
in the midst of a technological revolution. The technology gains were
simply a small part of the overall electronic/computer revolution
spurred by the invention of the transistor in 194} by AT&T Bell Labs.
Microwave transmission, increased multiplexing of channe]é, coaxial
cable, direct dialing and other advances significantly reduced the cost
of telecommunications. For example, the cost of providing long-
distance channels deciined from about $33 per circuit mile in the late
1950s to less than $4 by the late 1970s or a nominal (real) savings of
about 88% (95%). These cost savings, however, were highly skewed
toward toll services. Little technological change occurred in the

provision of local ‘service.

. 1. In 1981, relative use of interstate was 7.9% and hence
about 26% of cost was allocated to the interstate jurisdiction. See
Johnson, pp. 41, Figure 4.1 for a graphical depiction of the increases
in interstate allocation over time.



The skewed technologiéa] advances and inflation led to rapid
declines in toll costs and increasés in local costs. However, the
expected declines in toll prices and increases in local prices never
occurred. The increased allocation of costs to the interstate.juris-
diction via an increasing SPF prevented the expected price changes.

As the economic costs of providing toll service declined, the "costs“
used for ratemaking were increasing. The prices set to cover
regulatory costs were well above the economic costs. Subsequently,
large windfalls were produced and used to subsidize local service.
This subsidy allowed the price of local service to stay well below its
economic cost. It is important to note the vital role of technological
innovation in this process. Had innovation not occurred, toll rates
would have had to have been increased dramatically to generate the
huge subsidy. The incredible technological breakthroughs, however,
allowed the regulatory process to simply keep toll rates from falling
as quickly as economic pricing principles dictated. In the end, the
economic inefficiencies are identical. Increasing toll rates
dramatically, however, would have been considerab]y less (politically)
saleable than the slowing of price reductions that actually occurred.
Technology eased thg burden on the regulator. Unfortunately for the
regulator, the techno]pgica] innovation also ended some barriers-to-
entry and paved the way for competitive entry, e.g., microwave radio
ended the right-of-way constraint. .

Until the Tate 1950s phone service was provided by a regulated
monopolist. The industry was characterized by value-of-service pricing,

substantial rate-averaging, huge cross-subsidies and the residual
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pricing of local service (access). Value-of-service pricing is simply
the act of pricing higher for the services or areas with the "highest"
value. It is ironic that a regulatory system designed to protect
consumers from monopolist pricing should engage in this behavior. This
concept was used to price urban services above rural services and
support high prices on "Tuxury" goods, e.g., long-distance service.
Rate-averaging was also widespread. The rates for similar services
were the same regardliess of the cost. For example, a 15-mile inter-
state toll call had the same price regardless of geography and'density.
Perhaps, most importantly, cross-subsidization was a fact of
1ife in the industry. The well-known toll-to-local subsidy was the
largest and most visible. The residual pricing of local made this easy
operationally. By separating "costs" into interstate and intrastate
and determining rate of return and total expense, the intrastate
revenue requirement was determined. For all services but local,
revenue requirements were then determined by the state commission.
Prices were set to recover these "costs" on a service-by-service basis.
The difference between the total intrastate revenue requirement and the
sum of these service-by-service revenues had to be recovered residually
from local. Dividing this difference by the number of residential
access lines yielded the price of 10ca1.serv1’ce.2 Obviously, this

resultant price need not have any relationship to the economic cost of

2. Actually a value-of-service notion was used here as well.
Exchange Access Agreements (EAAs) determined the actual number of
lines in the local calling area and hence, the larger the EAA, the
higher the assigned price.
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providing local service. The system also provided a simple mechanism
to prevent Tlocal rate increases; e.g., reduce allowed expenses, reduce
allowable rate of return, or increase revenue requirement on other
services (usually toll).

The common pricing policies also led to many other examples of
croés-subsidization as well. Since local service was almost uniformly
flat-rate (i.e., local usage was priced at zero), large local users
were subsidized by small local users. The value-of-service pricing of
local service led to the‘subsidization of rural subscribers by urban
subscribers and of residential users by business users. The practice
of rate-averaging also led to urban-to-rural transfers and high-density
to11 rates supporting low-density routes. While cross-subsidization
and departures from marginal cost pricing led to losses of economic
efficiency, the monopolistic industry structure prevented any kind of
market induced response, i.e., competitive entry. The monopolist
essentially had complete control over all phases of providing telephone
service. Furthermore, the existence of the monopoly obviated the need
for the regulators to rule on the fairness of any one price - total
rate of return was the ‘only concern. Over the next several years,
however, several FCC decisions and/or court rulings allowed competitive
responses in several key parts of the telecommunications industry.

In 1948, Hush-A-Phone requested permission from the FCC to sell
its noise-reducing cup-like device without interference from the
telephone company. Seven years later the FCC ruled against Hush-A-
Phone. Upon appeal, however, the FCC decision was reversed. The

ruling established that the telephone company had no right to restrict
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private uses of the telephone as long as no other subscribers were
harmed. Perhaps, more importantly, it signalled the start of the
competitive intrusion into the sanctuary that the monopolist telephone
company had heretofore enjoyed.

The Carterfone was the next competitive challenge to the Bell
System. Introduced shortly after the AT&T tariff response to the
Hush-A-Phone decision, the FCC informed Carter that its product did not
violate commission guidelines but violated the AT&T tariff. Carter
responded by filing an antitrust ;uit against AT&T. The court passed
the issue back to the FCC. In 1966, the FCC began investigating the
Carterfone. Finally, in 1968 the FCC ruled that the Carterfone
violated the AT&T tariff but that the tariff was illegal. The FCC
decision allowed connections but enabled AT&T to establish standards
which would provide protéction for the network. The decision was the
first fracture in the total monopoly control that AT&T had enjoyed.
While seemingly an innocuous decision to allow consumers to inter-
connect the Carter device, the decision allowed customers the freedom
to attach terminal equipment (e.g., private branch exchanges or PBXs)
to the network with only minimal protection standards outlined by
AT&T. Since the PBX is essentially a small switching machine, the
decision allowed privately owned sub-networks to attach directly to
the main telephone network. .

In the late 1950s, there was increased demands for point-to-
point communication services. The FCC's Above 890 decision in 1959 that
allowed private communication networks was another significant crack in

the monopoly power of the Bell System. AT&T moved swiftly to reduce its
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private-line rates. Western Union charged that AT&T was subsidizing
its private line rates from toll revenues. To address the legality of
AT&T's new Telpak rates, the commission had to consider specific rate
and cost data to determine if cross-subsidization was occurring. After
over twenty years of proceedings, the Telpak tariffs were withdrawn in
1980. The length of regulatory lag clearly indicated the inability of
the regulators to deal with the cross-subsidization issue.

In 1963, Microwave Communications Inc. (MCI) sought FCC
approval to provide private-line services between St. Loui§ and
Chicago. The MCI filing and subsequent filings by other specialized
common carriers (SCCs) were a direct result of the burgeoning new
technologies, especially microwave transmission capabilities. The
microwave capability enabled the SCCs to avoid the use of cable which
required right-of-way. Aftér eight years of regu]étory controversy
costing MCI $10 million, MCI connected St. Louis and Chicago in seven
- months for $2 million. Despite attempts by AT&T to block the MCI
application on the basis that the new "creamskimmers” would not be in
the best interests of its customers, the FCC felt that MCI (and
subsequently other SCCs) would provide new, innovative services not
provided by AT&T. Despite its coincidental inability to deal with the
Telpak tariffs, the FCC assumed it would be able to deal with the AT&T
price response. AT&T responded with a series of de-averaged tariffs -
lower rates on hfgher density routes. As of 1982, some of these
tariffs were still being investigated for Tawfulness.

As pointed out by Brock (1986) the total impact of the

Carterphone and MCI rulings was much greater than the sum of its parts.



The combination allowed MCI's .private line network to be connected to
local switched network through a PBX. MCI's migrowave'faci1ities
became another switched network that could be accessed by any tele-
phone through the PBX. MCI called the "shared private line service"
Execunet. The FCC initially rejected the MCI offering but was
overturhed by the Appeals Court. The compromise that surfaced--
between restructuring all local/toll rates and violating the court
order--was the creation of Exchange Network Facilities for Interstate
Access or ENFIA tariffs. The ENFIA tariff allowed some competitive
entry but essentially maintained the huge toll-to-local subsidy.

The FCC decided in 1972 to allow competition in the domestic
satellite industry. In an attempt to deal with the presumed response
of AT&T, the FCC preempted- the response by prohibiting ATAT from
offering private-line serQice over its satellite system for three
years. Apparently, the commission finally realized that it was i]l-_

equipped to address the critical cross-subsidy issue. Satellites

14

tapped a new market - video distribution for cable networks - something

not accomplished by either the Above 890, MCI or SCC decisions.

These decisions left both AT&T and the commission in
uncomfortable positions. Heretofore a monopolist, AT&T suddenly was
losing market share in the services where the majority of its profits
were earned. This required a movement of rates towards cost ~ a
reasonable competitive response. Unfortunately, this is the same
response an anti-competitive monopolist would make in attempting to
crush new competitors, i.e., predatory pricing. AT&T had to devise

rates to thwart its loss of market share and yet, defend these same
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‘rates against claims of anti-competitive behavior. The commission was

in the unenviable position of attempting to determine whether the AT&T
response was competitive or anti-competitive. The length of regulatory
lag in previous cases indicates an inability by the commission to deal
with these issues. Nonetheless, both AT&T and the FCC seemed dedicated
to moving rates toﬁards costs. The state regulators, however, were much
more concerned about local rates and were far less dedicated to the
movement towards cost-based rates.

Economists (Wenders, 1983 and Kahn, 1982) had long suggested a
movement towards cost-based pricing long before the FCC access charge
ruling. Marginal cost pricing leads to efficient allocation of
resources. Previous studies (Taylor, 1980) have demonstrated that the
elasticities for toll services are as much as 10 time; 1argér than the
elasticities associated with local service. Hence, the huge welfare
gains introduced with the Towering of tol11 prices would dominate the
relatively small welfare losses associated with the increases in local
_prices. In fact, Wenders (1983) "conservatively estimated” this welfare
loss to be in range of $3-5 billion. Wenders also stated that this
amount could easily be tripled over the next five years. The equity
issue of who wins and who loses has been largely ignored. The typical
position taken is that if society chooses to subsidize some users,
then the subsidy should come from outside the industry; say the
general tax fund. However, regulators, particularly state regulators,
were much more concerned with equity than with efficiency.

The AT&T response to losses in market share (where the majority

of its profits were earned) was, in large part, the basis for many of
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the Justice Department's charges in the antitrust cése.3 During the
pending 1itigation, there continued to be pressure for rates to more
accurately reflect costs. It was during this environment that the
AT&T divestiture of the BOCs was announced. Prior to January 1, 1984,
the industry was dominated by the Bell System. AT&T wholly owned Long
Lines which provided interstate toll; Western Electric which produced
terminal equipment and switching machinery; Bell Labs which provided
basic research; and twenty-two BOCs which provided Tocal service and
intrastate toll. Despite serving only about one half of land area of
the United States, the Bell System served about 80% of the customers
in 1981. The other 20% was served by over 1500 independent telephone
companies. The divestiture split the old Bell System into eight
parts. AT&T retained the interLATA long distance (Long Lines) market,
Bell Labs, and Western Electric. The 22 BOCs were merged into 7
Regional Bell Operating Companies (RBOCs) with local service, fntra-
LATA toll, and interexchange access their primary markets. The plan
was to put AT&T into the competitive arena - toll and terminal
products - and to have the RBOCs in the monopoly area - local service.
However, this distinction between competitive and non-competitive
markets was quickly blurred.

In the post divestiture telecommunications industry, the ‘
interexchange carriers (IXCs) buy access (to the local subscriber) from
the operating companies. Thi; access may come in the form of switched

or special access. The price that the toll carriers pay for switched

3. See McAvoy and Robinson (1983) for discussion.
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access include traffic sensitive (TS) and nontraffic sensitive (NTS)
elements. AT&T pays about 8i¢ per originating and terminating minute
for premium switched access. The carrier common line (CCL) charge or
NTS portion is about 53¢ per minute and generates a subsidy of the
same magnitude that was generated in the pre-divestiture wor]d.4 The
TS portion is also averaged and above cost in the densest areas.

These deviations from cost create significant windows of vulnerability
for the local exchange companies (LECs). On the other hand, special
access provides no NTS support. Any toll-user large enough to justify
the expense of special access cou]d then avoid the 53¢ per minute
subsidy. The end-user could avoid paying these subsidies by purchasing
special access from the LEC (service bypass) or bypass facilities from
an IXC or bypass vender (facilities bypass) to the IXC's point of
presence. This process could easily be instigated by'the IXC. .

These regulation induced pricing deformities give AT&T clear
incentives to be the leader in providing bypass systems. AT&T's
recent behavior is certainly consistent with the intent to engage in‘
bypass. For example, Tariffs 9, 10 and 11, recently approved by the
FCC, enable AT&T to disaggregate access from the tol1l price. In
addition, AT&T's new WATS service (MEGACOM) essentially allows AT&T to
bypass on the closed-end of WATS. The removal of the structural

separation requirement that allowed the merging of AT&T Information

4. The rates have changed since 1984 in response to the FCC's
current $2 EUCL and other rulings.
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Systems and AT&T Communications (0o1d Long Lines) allows -AT&T to
operate as a single point of contact for would-be bypassers.

Furthermore, until the conversion to equal access, the 0CCs
purchase non-premium access and pay about 55% of what AT&T pays for
premium access. The OCC charge, however, is not usage sensitive.
Although based on an estimate of 9000 minutes of.use, the usage is
actually not measured and hence, is priced at zero on the margin.
While the 0CCs are not legally entitled by the commissions in most
states to provide intralATA toll, they are technically able and
willing to do so. The access charge spread creates significant cost
advantages for the 0OCCs. As end-users switch to the 0CCs, the LECs
lose the revenue generated from the access charge premium and/or from
intralATA toll. While the availability of equal access may reduce
these cost advantages, there is no guarantee that the 0CCs will
upgrade any or all of their access. If access is upgraded, however,
the 0CCs will be searching for ways to lower access costs to
effectively compete with AT&T. Bypass is an obvious method of
achieving this goal.

The access charge premium being levied on a usage sensitive
.basis on the toll carriers makes avoidance or bypass easy. The NTS
pqrtion of 53¢ per minute is a huge incentive for large toll users to
avoid the charje. Furthermore as discussed, the carriers have equally
large incentives to promote thisltype of bypass. Not only does the
bypass arrangement allow the carrier to cut costs but it also provides a
mechanism to "lock-up" market share. The carriers and large end-users

benefit while the LECs and its remaining customers are the losers. For



example, the BCR study estimates SWBT's vulnerability to be in excess
of 1.5 billion dollars.®

The burgeoning technology make this type of direct connection
feasible vie microwave, cable, or even satellite. The highly
concentrated nature of usage (1% of users make 40% of calls) causes
this to be a severe problem even if only a few end-users decide to
move to bypass. For example, in his Missouri testimony, Weisman
(1986) showed that if the largest 440 firms choose their least cost
method of access, that SWBT would lose approximate]y'68 million

6 Thus, the perception of the RBOCs functioning in a

dollars.
monopolistic environment is incorrect. Competitive pressufes are
forcing access charges towards cost as well.

The FCC had originally intended to end the (interstate)
subsidy by gradually replacing the NTS portion of the access charge
with EUCL charges. This step towards cost-based pricing was made for
several reasons. The FCC recognized that the NTS charge being
recovered on a per-minute basis gave large end-users and IXCs very
strong incentives to avoid these charges. The FCC clearly perceived
the risk to the Tocal telephone companies and their respective local

residence subscribers. Furthermore, the FCC was strongly supportive

of the benefits accruing to competition and cognizant of the welfare

5. For a detailed discussion of bypass, its implications,
?xpec§ed adoption and regulatory impacts see Weisman and Kridel
1986).

6. The breakdown of least cost access for the largest 440
locations is as follows: 408 bypass; 27 special access or service
bypass; and 5 remain on switched access.
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losses generated by economically inefficient rates. Additionally, the
FCC had hi§torica11y been isolated from the political ramifications of
increasing local rates. This isolation, however, was soon to be
removed.

When the state regulators and Congress became involved,
however, the emphasis switched away from bypass and cost-based pricing
towards universal service. The possibility that large numbers of
subscribers, especially the economically disadvantaged, would be forced
to give up access to the telephone network received tremendous
attention. Consumer groups attempted to direct the debate toward this
drop-off and other so-called fairness issues. Due to these political
and regulatory pressures, the FCC has delayed significantly its original
EUCL p]ans.7 As a result, access charges are currently being used to
attempt to preserve the status quo, i.e., large subsidies from toll
users to local subscribers. As we have stated, however, market forces
are already in action to erode this subsidy.

The key unanswered question is where the revenue shortfalls
will be recovered. The two choices seem to be additional access
charges or increases in local service rates. Using reasonable
assumptions Brock (1984) has shown that recovering the revenue

.shortfalls via increased carrier access charges could lead to a spiral

7. House Bill HR4102 and Senate Bill S. 1660 are examples of
legislative action. Both of these bills had previsions to limit or
block EUCLs. In fact, in April of 1986 Senator Gore introduced the
"Telecommunicaitons Equity Act of 1986". The bill would overturn the
$2 EUCL already-in place. An example of a consumer group response is
provided in the last section of our review in the next chapter.



of increasing access charges leading to additional bypass and the
increased bypass revenue loss forcing higher access charges and so on
without end, i.e., abandonment of the entire switched network. The
BCR study assumed the shortfall was recovered from local increases of
about $10.20/residence line. Both these studies strongly suggest that
ultimately recovery will come from end-users, particularly residence

customers.

8 If the

The industry now finds itself at a crossroads.
subsidy continues to be generated from access and toll charges,
substantial bypass will occur. Bypass will make the amount of the
subsidy required from each non-bypassér larger. This degenerative
process is not in the best interests of the industry or the consumers.
On the other hand, increases in Tocal access rates are politicai
poison to the telephone companies as well as the regulators. Clearly,
a reasonable first step towards a solution is an increased under-
standing of the effects of price changes on telephone development,
especially for certain politically important groups. With this

discussion as a historical backdrop, we turn to this task presently by

beginning our survey of available elasticity estimates.

8. Other regulatory issues are also of concern. The new
competitive environment will lead to faster depreciation rates. It
will also put pressure on the LECs to "write-off" economically over
valued plant. These changes will also tend to put upward pressure on
Tocal prices. .
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CHAPTER THREE
A REVIEW OF EMPIRICAL TELEPHONE ACCESS STUDIES

In this chapter we will review the existing literature on
empirical access demand studies. Before turning to the survey, we
will briefly describe the concept of access. The literature review
will begin with a synopsis of Taylor's ‘comprehensive 1980 study. All
subsequent references to Taylor in this chapter, will refer to the
1980 study. We will only consider the American analyses surveyed by
Taylor paying particular attention to the Perl study. After this
synopsis we will proceed by discussing several studies complieted since
Taylor's 1980 study. In part%cu]ar, we:wi11 discuss a pooled time-
series cross-section model developed at Southwestern Bell and the new
1983 Perl study. This will conclude our discussion of econometric
telephone access demand studies. We will then turn our attention to
three studies that are non-econometric in nature. We will comment on
the Gordon and Haring FCC study, and on the new trend in LEC-provided
studies called drop-off or disconnect studies. Finally, we will
conclude the section by briefly addressing a study prepared by a
consumer group.

The definition of access to the telephone network is not used
uniformly in the industry. Access seemingly is simply defined as
having the ability to use the network. This "ability" to access the
network, however, is less clear. For example, the 1970 Census used
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"within the building unit" as access, e.g., a phone in the hall of an
apartment wou1d provide access to all dwellers in the apartment. In
contrast, the 1980 census specifically quéries about the existence of
a telephone "in your Tiving quarters". In Arkansas Docket U-3117 the
Arkansas Attorney General has argued that coin phones are substitutes
for residence access and hence, in some sense, provide access.
Consumer groups have suggested that access includes the ability to use
unlimited local calling at no charge, i.e., flat-rate pricing provides
access but that measured service may not. This notion in conjunction
with the widely held notion that universal service is today's develop-
ment level puts added pressure on the regulatory process. A reasonable
response to upward pressure on prices while maintaining some notion of
universal service would be to offer lower-priced or lower-grade
services. Regulatory approval on these alternatives has been slow,
however. In fact, the Texas Commission currently has a moratorium on
measured service.

In addition to these industry definitions of access, it seems
that there may well be some private notion as well. In particular, we
could think of an individual or individual household that has never
had pﬁone service. We might expect that this individual would have
1ittle or no phone‘use. Alternatively, we might consider a household
that has had telephone serv%cé for a long period of time. Now for
whatever reason let's assume the household foregoes telephone service.
It seems likely, perhaps as a result of habit, that this individual
would have strong ties to phone use. That is, we might expect this

person to maintain some degree of .access by using coin phones or



his neighbor's phone quite frequently. This suggests an asymmetry of.
access depending on the individuals past telephone related behavior.
The difficulty in defining access makes these pricing issues even more
difficult to analyze. From this point forward, we will use the term

access as it is used in the 1980 Census, but will note when the
specific definition used could have modeling or planning implications.
At this point, however, we shall turn to our discussion of these

access studies.

3.1 Econometric Telephone Access Studies

We begin our review of existing studies by summarizing the
Taylor findings in Table 3.1. The table provides the basic results
and the data set emp]byed in each study.. We will briefly address the
Alleman and Feldman studies and then plunge into the Perl study in
more detail. In regard to the Alleman paper, Taylor (1980, pp. 72)
summed it up best by saying "Alleman's analysis, however, is
disappointing, for the theoretic structure that is carefully built up
in the early chapters of the study is ignored aTmost entirely in the
empirical chapters.” Alleman's dependent variable was telephones per
capita. An equation of the following simple form was estimated

T/N = a + byp* + b¥/N ,
where .

T/N is telephbnes per capita

p* is the price variable

Y/N is per capita income.

24



Table 3.1%

Access Elasticity Estimates as of 1980

Price Elasticity

25

Dependent Service Basic Income
Author Variables Connection Service Elasticity
A]]emanb main stations -NA- -.17 .56
Feldman® main stations -NA- -.05 .54
Per]d telephone -.02 -.08 .15
development
Taylor® -NA- -.03 -.10 .50
(£.01) (+.09) (£.10)

These results are culled from Taylor (1980) Table 3.1, pp. 80 and
Table 5.1, pp. 170.

Alleman uses cross-sectional data from the 1970 U.S. Census on
312 cities.

Feldman uses cross-sectional data for the 48 states from the
fourth quarter of 1973. A separate equation for extensions was
estimated.

Perl uses cross-sectional data from the 1970 U.S. Census for
individuals (1/1000 Public Use Sample).

Reflects Taylor's interpretation of his reviewed studies and "was
thus highly subjective."
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The functional form chosen was log-log. Alleman estimated two models:
(1) for flat-rate areas only (this result appears in Table 3.1); and
(2) for measured-rate areas only. The price elasticity estimate in
the second equation was insignificant. We agree with the'"disappoint-
ing" label attached by Taylor, but feel obliged to point out that the
quality of the data set must be partially blamed.

The Feldman study was a much larger undertaking: thirty-six
different categories of service were studied. Here, however, we are
concerned only with the residential access section. Feldman explained
main telephones by using the local price, state population, per capita
personal income and regional-dummy variables. Price, however, is
measured by average revenue per main station. As discussed by Taylor,
this is a poor measure for at least the following three reasons: (1)
mains appear on both sides of the.equation; (2) variations in quality
will be represented in local revenues, e.é., sing]eAvs.‘mu1ti-party
service; and (3) local revenue will include charges for custom calling
features, terminal products, and local use in measured areas. The key
point here is that (Taylor, 1980, pp. 73) "the measure of price
should only record shifts in the underlying tariff structure, not
movements along it." Aside from the measurement problem, price is
statistically insignificant in the Feldman equation (the t-statistic
is only 0.9). In addition to the empirical difficulties, very little
theoretic structure is provided: there is but 22 pages of text to
describe the results presented in 200 plus pages-

The Perl study was estimated on 1970 census data for over

35,000 households. The variable to be explained is basically whether
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or not the individual household has access to the telephone system -
which in aggregate is merely telephone development. Perl uses this
variable as the left-hand-side of the equation and economic and
demographic characteristics as the independent variables. Perl
estimates three different functional forms: (1) linear probability
model; (2) logit model; and (3) probit model. Letting z = xB, the

estimating equations for these models may be written as

Prob(access|x) =z + e (3.1)

Prob(access|x) = —1 s+ (3.2)
1 + exp(-z)

Prob(access|x) = (21702)-£ fexp(-22/2d2)dz + e. (3.3)

Perl estimated equation 3.1 with ordinary least squares (0LS) and
equations 3.2 and 3.3 with maximum Tikelihood estimation (MLE). See:
Appendix A for more details on these estimating techniques. The
independent variables were the monthly service price, the service
connection charge, a dummy variable for measured service availability,
income, age, education, household size, employment indicator, black
indicator, male household head without spouse indicator, single person
male household indicator, single person female household indicator, a
dummy variable for households in the South, and a dummy variable for
.non-farm areas.

Perl adjusts the monthly service charge in an attempt to
measure the minimum charge the household faces. Perl claims that the
positive correlation between income and demand would obscure the

relationship between price and demand in the estimating equation.
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This price strategy has two major problems: (1) using averages; and
(2) interpretation of the income-adjusted price as a minimum price.

First, the average prices are obtained from one hundred
Revenue Accounting Offices (RAOs). Thus, in Oklahoma, for example,
there are fifteen distinct rates based on the number of phones in the
local-calling area, but only one RAO. Obviously, there is a high
degree of aggregation or mapping error. Texas provides an extreme
example of this error since until the state commission was formed in
1976 each locality had its own sét of rates.

Perl uses the following equation to income adjust the monthly
service price: |

LI PR biMij’

where L8 is the average monthly service charge in RAOi and Mij is the
income of jth individual in RAOi; Perl then uses the estimate of the
constant, a;, as the adjusted price term. It is not at all clear why
the output of the equation has anything to do with the minimum price
available, however.' It merely increases the variance of -the observed
price and helps reduce the correlation between brice and income.1
Perl attributes this correlation to higher income people purchasing
more expensive access. The real culprit, however, is more likely

value-of-service pricing.

1. Why Perl used income (and only income) is not clear.
Inclusion of other variables could change the regression results
dramatically. In fact if additional variables were used there is no
guarantee that the estimate would even be positive.
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The Perl estimates are provided in Table 3.2. The probability
6f access to the telephone network is positiﬁe]y related to income,
age, education, employment, and urban households. Alternatively, the
probability of access is negatively related to household size,
Southern households, households in non-farm areas, nonwhite households,
single person households of both §exes, and male-headed households
with no spouse. Of particular importance is the negative coefficient
on the measured-service availability indicator.

While most of the signs are correct, two merit discussion.

The first and most important is the measured-service availability
indicator variable. The Perl result indicates, wrongly we think, that
the availability of a lower-priced alternative reduces the probability
of access or telephone development. It is difficult to create a story
that can explain why this coefficient should be anything but non-
negative. Additionally, the household size variable has an incorrect
sign. As household size increases the number of users and hence total
household benefits increase. It is not clear under what circumstances
the sign of this coefficient could be cor'r'ect.2

Despite these difficulties, the Perl study was an important
contribution to the existing knowledge. As noted by Taylor, however,

there is Tittle theoretic foundation. As a result the critical access/

2. Even if the additional household member is an infant,
casual inspection suggests the effect of a birth is to increase the
benefits associated with telephone use (and option demand). Perl uses
a declining income per capita argument. However, it would seem
expenditures for phone service would more Tikely be made on a
household level. Furthermore, if Perl is correct he is essentially
arguing he misspecified the model in the first place.



Table 3.2

1978 Perl Model
Coefficient Estimates

Variable

Price

access
installation
measured service available

Household characteristics

income

age

income*age
education

race

employment
household size
family HH, no wife
single male HH
single female HH

Geographic characteristics

nonfarm area
South

constant

# observations:

RZ:

coefficient

-.062
-.011
-.243

.078
.035
.0003
.116
-.595
.234
-.049
-.624
-1.290
-.190

.355
-0348

-.910

36,703
.146

30

absolute
value of

t-statistic

5.4
2.2
5.3

12.3
19.1
2.4
22.1
13.2
5.1
4.1
6.3
22.1
3.1

7.6
7.6

4.1
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use distinction, the‘subscriber externality, and the call externality
are all but ighored. Nonetheless, many valuable estimates provided by
Perl were simply unavailable from any other source, e.g., access
elasticities by race, income, etc. Table 3.3 presents representative
results for the study. The results clearly indicate that access
elasticities vary systematically with certain demographic variables,
e.g., income and age.

The 1983 Perl study improved on the 1978 study in many ways.
First and foremost is an improvement in the matching of prices from
telephone company sources to the socio-demographic data on individuals
obtained from the 1980 U.S. Census. While the matching is not perfect
and we will address this momentarily, it is significantly improved
from the 1978 study. The model better analyzes the effect of prices
by including both flat and measured prices. Additionally, in the 1983
study the size of local-calling area and additional household
characteristics are considered. Finally, an improved prediction
methodology was used in 1983 study. Classification was employed in
1983 while the 1978 study used the average individual methodology (see
Appendix A for a discussion of these techniques).

We will begin the discussion by addressing the improved
price-to-census mapping. To prevent the possible identification bf
individuals, the Census provides geographic areas that contain at
lTeast 100,000 people. In this case, Perl.had 1154 geographic areas.
Using telephone company data, he could then derive averége prices for
each of these areas. We still feel that this aggregation or'mapping

error associated with merging the Census and telephone company data is



Table 3.3°
1978 Perl Model
Response to $1 increase in access price

Age and Predicted Change in
Income Group Development Development
20 years old

$ 1,500 63.1 -3.1
$ 7,500 78.9 -2.2
$17,500 ' 94.0 -0.7

35 years old

$ 1,500 79.8 -2.7
$ 7,500 85.3 -1.7
$17,500 97.1 -0.4

55 years old

$ 1,500 79.7 -2.1
$ 7,500 90.7 -1.1
$17,500 97.6 -0.3

70 years old

e e e

$ 1,500 , 84.8 -1.7
$ 7,500 93.5 -0.8
$17,500 : 98.2 -0.2

2 Table uses $5.75 as current access price. Results are taken from
Per1 (1978) Tables 5 and 6.
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the primary Qeakness in the Perl analysis. For example; in rural
areas, these “céunty groups" may include several different countieé
and rates. This is further exacerbated by the fact that .these
counties may well contain independent telephone companies that have
rates quite different from the serving BOC. Furthermore, even in.
urban areas there may be several unique rates, e.g., the St. Louis
area has three different rates.

The 1983 version of the model includes expanded price
variables: the flat-rate price in flat-rate only areas; flat-rate
price in choice (flat or measured) areas; the measured price in choice
areas; the local-calling price for measured service in choice areas;
the installation price; and the. proportion of the choice area with °
measured service available.

In addition to all socio-demographic and geographic variables
considered in 1978, Perl also considers the effects of the ages of
householders other than the head of household, non-English speaking
households, family households without a husband present, four density
variab]es,'and the log of number of subscribers in the local calling
area. ’

Perhaps, in response'to the Taylor criticism Perl adds some
motivational discussion in 1983 paper. The following discussion recaps
the provided motivation for the study. A model is developed tobpredict

the log of the odds of telephone development as function of x, i.e.,

log L = a4 bx,
1-p
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where p is the probability of a household subscribing to the network
and x is a vector of price and socio-démographic characteristics. The
motivation for this form of the equation is given as follows. A
consumer will subscribe to the network if the benefits exceed the
costs. That is,

v, + (s>,
where

Va is the value of having access, independent of usage

CS is the consumer surplus derived from usage

m is the price of access.

For any household, Perl notes that Va and CS are functions of
income, price, other demographics, and unobserved (presumably taste)

characteristics. Consequently, Perl wr'ites3

g(p.y,x.e) > m,
where
p is the price of usage
x are measured household characteristics
y is the household income
e is unobserved taste characteristics.
Perl then assumes that g is linear in the unknown parameters, i.e.,
a+ blp + bzy + b3x - b4n - e.

The probabiiity of access may then be written as

3. In fact, Perl uses a discount rate to combine the
recurring and nonrecurring charges. For our purposes, this makes
Tittle difference. '
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Prob (access) =1 - ;ke de,
where k=a+ blp + bzy + b3x - b4n. Perl then assumes the random
taste factor is distributed so that cumulative density is logistic.
.The access probability may now be written as

Prob (access) = 1/(1 + e'k).

Perl then questions the plausibility of his assumptions of the
lTogistically distributed taste parameter and of consumer surplus being
Tinear in parameters. Perl deems the logistic distribution reasonable
but the linear-in-parameter consumer surpius assumption to be "more
heroic" but "not Tikely to be critical." Perl's basis for these
decisions is unclear. The linear-in-parameters assumption is no more
or less heroic than usual, i.e., the variables need not be linear only
the coefficients.

The motivation just discussed for the model is also an
improvement over the 1978 model. However, -the development of the
section is quite confusing. The reader is never quite sure where the
values of access and consumer surplus come from. A consistent yet
easy to understand theoretic development section would have greatly

% For

improved the readability and the development of the paper.
example, in choice areas (where both flat and measured service are

available) there is no mention of how this service choice is made --

4. This section could have been written following Taylor
(1980) or the random utility approach discussed by McFadden (1986).
Either approach would greatly increase the end product.
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both prices simply appear in the estimating equation. This ultimately
leads to contradictory results, i.e., everythiﬁg else equal, it is
possible that a doubling of rates in choice areas could lead to higher
repression or demand response than a doubling of rates in areas with
only flat-rate service. Furthermore, we find writing the logit
equation as the log of the odds to be misleading since Perl is working
with individual data.

Let us now turn to the important part of the paper which is the
results and discussion. The database is even better than the 1978
database which Taylor described as having "no peers." Some of the best
discussion centers around the changes between the two Census periods
(or studies). For example, Table 3.4 compares price elasticities at
different telephone development and price levels. The table shows a
decline in price elasticity over time which Perl claims is related to
the increased value of telephone service in 1980 compared with 1970.
Another interesting observation presented in Table 3.5 is the shrink-
ing of the differential of development levels across income groups.
While overall development increased nearly 6%, the development among
the poorest groups increased nearly 9%. This narrowing is even more
impressive when we consider that using different definitions of access
in 1970 and 1980 implies that these changes in development are
probably even larger than the data indicates. This is an important
point to policy makers who are concerned with the poorest segment of
the population. In addition to the results displayed, many other
important results are discussed, e.g., lifeline introduction impact,

externalities, value of telephone service, optimal prices, etc. In



37

Table 3.42
1983 Perl Model
Price Elasticity Estimates
at Alternative Price and Development Levels

Access Price Price Elasticity
Development Flat/Measured 1983 Model 1978 Model
88.0 10/6 -.065 -.075
20/16 -.131 -.150
30/26 -.096 -.225
93.0 10/6 -.038 -.044
20/16 -.076 -.087
30/26 -.114 - -.131
97.0 10/6 -.016 -.019
20/16 -.033 -.037
30/26 -.049 -.056

8 Taken from Perl (1983) Figure 5. 54% of customers are assumed to
have measured service available to them.



Table.3.5°
) 1983 Perl Model
Telephone Development by Income Group

Telephone Development

Income Group - 1983 1978
Below poverty 80.2 71.5
1-2 times poverty 89.8 81.3
2-3 times poverty 93.9 86.9
3-4 times poverty 96.3 90.3
4-5 times poverty 97.4 93.0
5-6 times poverty 98.2 94.7
Above 6 times poverty 99.0 97.6
Entire population 93.4 87.5

@ Taken from Perl

's Figure 11
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aggregate the model predicts a 3.8% decline in development for a 100%
increase in all access prices. Also, the model estimates that
approximately one-fourth of those affected by a price increase are
below the poverty level, and an additional 40% are between one and two
times the poverty level. These results along with the total repression
estimate are critical in.any policy discussion about universal service.
While all these results are interesting, many are dependent on the
quality of the model used to estimate the impacts. We now turn to a
‘ discussion of the estimated model.

Table 3.6 presents the results of the Perl estimating
equation. All signs of variables included in 1983 model that were
also in 1978 model are unchanged except the proportion with measured

service available. While insignificant, this is obvious improvemént.
However, household size still has an incorrect sign. Of the new
household variables included all thg expected signs with the possible
exception of the proportion of the household under six years of age.

We turn our attention now to the geographic variables
included. In addition to the non-farm and South indicator variables,
included in 1978 study, Perl has added several phone density dummies
and the number of Tlines in the local calling areas (in logs). The
inclusion of the latter is straightforward. The reason for including
the density variables, however, is not obvious, Unfortunaté]y, the
presence of the dummy density variables confuses the interpretation of
the number-of-lines variable. Typically, this variable would reflect
the network externality. The inclusion of the density variables,

_however, makes this considerably less obvious. Perli's explanation does



Table 3.6
1983 Perl Model
Coefficient Estimates

variable coefficient t-statistics®

price variables

flat rate-only -.049 4.5
flat rate-choice ~.018 2.5
measured rate-choice -.041 2.1
usage price -1.718 ' 1.9
installation price -.003 1.3
% with measured available 153 0.8

area characteristics

nonfarm .109 2.5
South -.359 8.2
Density (1-100) -.205 3.4
Density (1001-2500) -.252 3.4
Density (2501-5000) -.219 2.6
Density (5000+) -.334 3.7
# subscribers .099 4.9
constant -1.013 9.5
# of observations: . 71,479

2

R*: .099



Table 3.6, continued

household characteristics coefficient t-statistics®
income .130 20.8
income**2 .001 13.7
age .045 26.3
age*income -.0003 2.6
education .147 26.5
race -.513 11.2
employment . 387 9.3
household size -.050 3.3
% 6 yrs. S =782 6.3
% 6-12 yrs., .424 2.9
% 65+ yrs. 1.341 . 6.6
No English -.392 7.1
English poorly -.148 1.5
Family, no wife -.872 10.2
Family, no husband .116 2.1
Single male HH -1.244 22.4
Single family HH .145 2.2

3absolute value of t-statistics



little to clear up the mystery. To'the best of our understanding the
density dummies were significant and hence 1‘nc1hded.5

Nonetheless, we conclude our discussion of the 1983 model
similar to Taylor's discussion of the 1978 mode].n There are problems,
some not minor. However, on the national Tevel its the only game in
town, |

The next model we will discuss is an internal SWBT study. The
model is a pooled time-series cross-section model of residence access
lines for the SWBT territory. The cross-sections are the 5 SWBT
states: Arkansas, Kansas, Missouri, Oklahoma, and Texas. The most
recent version of the model is estimated using data from the first
quarter of 1972 through fourth quarter of 1983. The model was
initially built in 1981 and has usually been updated twice annually.
Thg results have been particularly stable. We include this model
since it covers the same territory as the model we will develop in
Chapter 5. Since the model was developed for internal and rate case
purposes, there was no accompanying write-up in the usual sense and
hence lacks theoretical motivation. Nonetheless, the results are
quite interesting. As mentioned, the estimation technique was pooled
regression. In particular, the least squareé dummy variable (LSDV)
approach was used.

The model was corrected for autocorrelation within

cross-sections, heterosedescity across cross-sections and mutual

5. This is key due to the poor performance of the model when
these dummies are excluded.
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(partial) correlation between cross-sections. These correction
methodologies assoéiated with estimation are discussed in Kmenta
(1971). Dynamic effects were included through the use of polynomial
distributed lags (PDLs) on the recurring or access price and on real
per capita income. Also included as regressors were population, the
non-recurring or connection charge, and seasonal dummy variables. The
access price is a typical Lespeyres price index - fixed quantities
used with each effective tariff. The non-recurring price was
calculated in a similar manner but was turned into a recurring
equivalent using a discount factor. The optimal lag structures were
found to be second degree PDLs with a six-quarter (or one and one-half
year) lag on price and a twelve-quarter (or three year) lag on real
per capita income. The functional form estimated was log-log. Hence,
the coefficients are directly interpretable as elasticities, i.e., the
pércentage change in residence access lines can be calculated directly
from the percentage change in the variable of interest and its
associated estimated coefficient. The results  of the SWBT equation
are presented in Appendix D. In partfcu]ar, the appendix outlines the
study methodology and provides all coefficient estimates and
associated t-statistics.

The following points of interest with respect to this model
are: (1) the price of access has been .incredibly stable through the
updating process, always rounding to -.04; (2) the elasticity is

remarkably similar to the Perl elasticity for a 100% increase; and
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(3) the recurring or monthly access price is roughly ten times as
important as the hon-recurring or connection charge. This concludes

our discussion of econometric mode]s.6

3.2 Non-econometric Studies of Telephone Access

The first of these studies to be discussed is the FCC working
paper written by Gordon and Haring (GH). The paper discusses whether
or not the pricing reforms suggested by the FCC (primarily the EUCL
plan) are a threat to the concept of universal service. The section
of the paper we are concerned with is the GH interpretation of
econometric studies.

The first point addressed is that all factors -- declining
toll rates, increases in incomé, increases in telephone uses, etc. --
that will dampen the impact of the price increase must be considered.

This is certainly true if the goal of universal service is to maintain

6. Two other econometric studies should be noted before we
turn to the non-econometric studies. While not concerned with access,
per se, the Train, McFadden, and Ben-Akiva (TMB) and Kling papers merit
note here. The TMB analysis is a fully discrete analysis of service
choice and usage. The estimation technique is nested logit. The
lower nest is service choice. The upper nest is (usage) portfolio
choice. The study finds somewhat higher usage elasticities, but these
are attributable to switching between services. The Kling analysis is
similar in spirit to our analysis in Chapter Five. By maximizing
consumer surplus, Kling develops a model that explains the customer's
class-of-service choice and usage. The findings here are closer to
previous studies (local usage elasticities of about .15). These papers
are mentioned since our analysis will, in addition to access, provide
some class-of-service choice insight. It is important to note that
these studies are based on data sets of service choice and use for
telephone subscribers. Our data set includes no choice information.
Ideally, we would prefer a data set with both subscriber/non-subscriber
and choice and usage information. This would allow us to better
understand the relationships between subscription and choice.

However, no such data sets exist.
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the current level of development. If, however, we are interested in
the pure price effect or repression, then the other factors should be
separated. This points out the obvious fact that the use of the
models is related to the policy question we are attempting to answer.
It must be stated that these models -- the Perl model and the model we
develop in Chapter 5, for example -- are designed to estimate the
price effect and hence, are very difficult to use as a forecasting
tool. This difficulty centers around the general unavailability of
exogenous data to generate forecasts. In this respect, if we are
concerned with development levels before and after a price change,

~ then the GH criticism seems right on target. It would seem, however,
that policymakers ought to be concerned with the price effect as well
as the u1timate development level.

GH then Tlist several reasons why, in their opinion, that the
current set of demand elasticity estimates are biased upwards:

(1) The demand curve is shifting out over time. As a result,
distant historical data may tend to ovefestimate the current access
elasticity;

(2) Empirical models are misspecified. In particular, GH are
concerned with the use of total charges rather than yhe charges
applicable for access only;

(3) Important independent variables are excluded from
empirical models. 'In particular, the exclusion of toll and equipment
concern GH. This may be quite important since currently toll rates
and equipment prices are falling drastically compared to historical

charges.
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Our analysis of the three GH criticisms are as follows: (1)
Certainly it is true historically that the demand curve has been
shifting outward. However, to the extent that this shift is due to
variables included in the model it is not a problem. More important,
however, is that outward shift/price falling scenario that was true
through the seventies has apparently slowed in the eighties. For
example, in SWBT since 1980 the real price increase has been 20% with
Tittle or no change in development; (2) This observation is correct.
However, none of the models we know of (exceht Feldman) use this weak
specification of prices; and (3) Again the point is theoretically
correct but what is important is the magnitude. In the SWBT pooled
time-series cross-section model toll prices were considered unsuccess-
fully. However, in light of the expections of increasing local rates
with decreasihg toll rates, this crificism should be kept in mind.

The last point (GH, pp. 25) ﬁade is that demand is highly
inelastic, i.e., "When price increases of the magnitude estimated by
the FCC staff are combined with (upwardly biased) demand elasticity
estimates close to zero, the result is obviously a negligible effect
on the overall level of telephone §ubscribership." GH support this
point by their discussion of the elasticity estimates and by pointing
out the price increases will "do little more than 'catchup' with the
inflation" of the seventies.

Two points merit discussion here. First, however small the
actual price impact is, the political realities, at least at the state
level, will never allow it to be considered negligible. Second, data

in the GH paper show a 4% increase in development between 1970 and
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1980. Some portions of.this gain are almost surely attributable to
real price falling throughout the decade. It is, therefore, not
unreasonable to expect some of this deve]opment‘gain to be Tost when
the price is allowed to "catchup" to inflation.

We now turn to drop-off or disconnect studies. We will first
discuss general weaknesses in the methodology and will follow with a
discussion of two drop-off studies performed in SWBT territory.

The basic methodology is to survey customers that are
disconnecting their phone service after a local price increase. These
customers are asked why they have decided to disconnect. The custom-
ers are then sorted by the given response. Those that mentioned the
increase in the local price are then counted as drop-offs.

The most critical concern is the issue of what drop-off
studies measure. Since only disconnecting customers are considered,
these studies offer absolutely no insight into the development level
or universal service questions. That is to say, since on]y disconnect-
ing customers are counted, and counted poorly as we'll see below, no
inferences may be made about development levels after the price
increase. In light of this, it is difficult to understand why the
studies are performed at all. The most obvious'reason is to create

results that help achieve some political goa].7

7. The so-called Michigan study (FCC, 1983) follows in the
same footsteps. The study was prepared in response to a request by
the Michigan Public Service Commission to have the FCC evaluate the
impact of federal decisions on the price and availability of local
telephone service. Not surprisingly, the study concluded that "there
is no evidence that federal decisions will cause residential
subscribers to discontinue service."



48

The first and most obvious practical problem is that the
studies are attempting to discover "why". For example, we consider an
individual who lives in a five hundred dollar apartment, spends one
hundred dollars for uti]itie;, and one hundred dollars for commuting
to and from work. We will consider all other expenses to be fixed and
the %ndividua1s budget to be exhausted. Now suppose the individual is
hit with an unexpected fifty dollar.increase in rent. If it were
practical, moving might be the immediate response. Suppose, however,
it is impractical and he must pay the rent for some period of time.
The individual could cut utility expenses fifty percent by being more
uncomfortable or reduce the expenses associated with commuting by
taking the bus. Suppose now that after several months the individual
moves. We can now ask ourselves the qqestion'why did this individual
move. In our example, it is easy to identify the rent increase as the
reason. If, however, we asked him why he moved many responses are
possible: (1) apartment too expensive to heat and cool; (2) apartment
too far from work; (3) apartment too far from busline; (4) apartment
too large; etc. A1l these responses may be related to the actual
cause of the move and perhaps, all were evaluated after the rent
increase. Nonetheless, in our example, the rent increase was the
catalyst of the move but a direct survey might not elicit this
response from the individual. This is even more critical when there
may be incentives not to be truthful about one's motives. These types
of questions are difficult to survey accurately even with carefully

designed and implemented surveys and survey instruments.
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These disconnect studies, however, are most often based on the
simple non-scientifically designed questionnaires asked by business
office personnel at the time of the disconnect. Add to this, the basic
fact that people are very uncomfortable admitting their inability to
afford a commodity that most of society deems a necessity. Addition-
ally, a severe timing problem plagues these studies. Typically, the
studies are instituted immediately after a price increase and continue
for only two to three months. However, as revealed in the SWBT pooled
model, these price responses may last 18 months. In his Minnesota
rebuttal testimony, Perl states that it may take 2-10 years for the
effect to be totally worked out. Obviously 6n1y the earliest response
would be observed in these studies. The last major practical problem
is looseness of responses. For example, many respondents answer the
- "why" query with I have "no further use". It is unclear as to the
meaning implied here. As economists having use for the phone at the
old price and haviﬁg no further use at the new higher price is
certainly consistent with a price effect. None of these studies,
howgver, include the category "no further use" in the drop-off counts.
In addition, most of these studies are designed with the intent of
discovering low drop-off numbers rather than attempting to accurately
measure drop-off. This bias may be easily seen in almost all studies
of this type. For example, the following quote from a Northwestern
Beli study (1985) "Northwestern Bell then is charged with proving that
these increases do not cause many low income subscribers to leave the

network." leaves little doubt about the desired conclusions.



In light of these generic problems, we turn to two studies
performed in SWBT territory. The first of these was performed in
Missouri. The survey was instituted following a $2.05 increase
effective January 1, 1984. Beginning in March 1984 through March
1985, disconnects were analyzed each month. The reason for disconnect
was taken from the business office form at the time of the disconnect.

The thirteen months of data is unusually good for a study of
this type. The good news, however, ends here. As is typical, the "no
further use" disconnects were excluded from this analysis. Why this
was done is unclear, especially when one considers that about 25% of
total disconnects are in this category.8 Obviously, we may be under-
counting on a large scale. Additionally, disconnects made by
customers that connected after January 1, 1984 were automatically
excluded from the analysis. The study éupported this exclusion by
saying that the customer "...determined later hé/she could not. afford
the service, it is felt that in these cases, the rate increase was not
the direct cause of the disconnection." This could obviously be
false. The customer obviously determined that the benéfits of phone
service did not exceed its cost. However, these benefits might have
easily exceeded the old price which was $2.05 less. Customers whose
bi11 exceeded $50.00 at disconnection were also excluded. This
exclusion was made on the basis that "only those who were affected by

the Tocal exchange rates" should be included. However, in the

8. We must admit, however, that the category is cluttered by
its status as depository when no other category seemingly applies.
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Washington study (1984), it was found that some customers who had
" decided to disconnect would vun up their tol1 bill in the last month
of service.9 While perhaps this group is not important in magnitude,
this points out the obvious biases of the study methodology, i.e., it
is much better not to count someone you should than to count someone
you shouldn't.
This bias may also be specifically seen when considering the

"worst case examined scenario” of the study (where those with bills
greater than $50 are also included). The study claims the purposé of
this scenario is to "...compile every possible disconnect attributed
to the rate increase". However, at no time is the "no further use"
category analyzed. The possibility that some who move may not
reconnect at their new Tocation due to the new rate is ignored. The
study concludes

;..No one can legitimately dispute that Universal Service

remained unchanged by the rate increase when you consider that

in the worst case over 99.75% of our customers were unaffected.

...residence exchange lines increased by over 19,000 during

the study period. It would be difficult to state that

Universal Service is being threatened when the number of

residence customers has consistently increased over the past

year, :
The first part of the statement might be true, given that one accepts
the study's count of customers. However, as we have discussed, the

data generated to arrive at the 99.75% figure is hopelessly biased.

It should be pointed out that if an opponent took the other extreme in

9. In contrast to the other drop-off studies, the Washington
study generally attempted to carefully count and organize the
disconnect data.
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using the generated data by including all households in the "no
further use" category, one could reach just the opposite conclusion.
The second point is nonsensicai. Nothing can be said about develop-
ment or universal service by considering only access lines (the
numerator). What happens to households or the denominator .is
obviously just as important.

We now turn to the second study which was performed in
Oklahoma. To call this a study is misleading. It would be more
accurate to call it a miséion. The objective of the mission is to
show price has no effect on access demand. The process was instituted
following a $2.27 price increase effective February 13, 1985.
Disconnects were analyzed for three months, from February 13 through
May 15. A11 exclusions made in the Missouri study were also made
here. This left a count of twenty-three that claimed fhat the price
increase was the cause for disconnection. After personal visits from
SWBT personnel twelve of these twenty-three decided that the price
increase was not in fact the reason for disconnecting. Furthermore,
when the connectién charge was waived, five of remaining eleven were
subsequently convinced to reconnect to the network. Thus, the study
concludes that only six households gave up service due to the $2.27
price increase. It is easy to see that the objective of showing no
price response was realized. However, it is also obvious that the
results are of no value in addressing whether or not universal service
is threatened by local price increases. The bias in the design of the

‘study precludes any usefulness in this regard.
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Before we turn to the analysis on the opposite extreme, let us
clear up our position on this alleged threat to universal service. We
do not believe that universal service is substantially threatened by
the transition to cost-based rates. This will be discussed in more
detail later. However, we think it imprudent to attempt to dismiss
these fears simply to achieve the goal of increased local rates. The
regulatory process is incredibly political, but it seems to serve no
purpose to produce concocted results. Rather it is important to
”accurately estimate 511 costs and benefits associated with the
transition. This is particularly important since this transition is
1ikely to involve several rate cases spanning several years. The
"missions" that seem so useful now may be very expensive later.

The Consumer Federation of America (CFA) study prepared by
Cooper, Kimmelmam, and Gilbert is at the opposite extreme; i.e.,
maximize the costs of‘the transition so as to delay or prevent it.
The tone of the document is, as might be expected when analyzing
consumer group response, quite emotional. Several examples of the
tone of the document follow: (1) "Customers have been bombarded with
rate increases."; (2) "Paying for dial tone has become a major
consumer expense."; (3) "...industry developments threaten to weaken
or eliminate competition, robbing consumers of any benefits."; (4)
“"With customers he]d.captive in local exchange..."; and (5) "These
dramatic increases are both unnecessary and inequitable." The study
analyzes the first year of the AT&T divestiture. Using data obtained
from government sources, CFA analyzes the impact of these local price

increases with the 1983 Perl model.
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The study cites an average increase of flat rate service of
19%. The increase then causes 4 million people to do without a

10 This "drop-off" is obtained using the Perl model which shows

phone.
a 1.7% decline in development by mid-1985. What CFA calls drop-off is
actually repression, i.e., it is not necessarily customers dropping
phone service that had it but may also be customers that would have
bought phone service not doing so. Furthermore, the Perl model is
cross-sectional -- it says nothing about timing. How the mid-1985
time frame is derived is left unanswered. Perl in his Minnesota
testimony had suggested the adjustment period could last from two to
ten years. Furthermore, when we run the Perl model with CFA monthly
service increases, predicted development falls only .4% or 223,000
households. The discrepancy between these (.4 vs 1.7) is inexplicable.
Additionally, we consider the conversion from households to people to
be misleading and emotionally and politically motivated. Everything
else equal, we would expect smaller households to be more 1ikely than
large households to.forego telephone service. In the same way, we
concluded that drop-off studies were not in the long run best interest
of the LECs, we think this effort by the consumer groups to be short-
sighted. - In fact, FCC Chairman Eow]er (1986) has really pointed out
the errors of the "so-called consumer groups".

In conclusion, we think it is critical to have a complete

" understanding of the demand relationship of access. Most of the

10. The original CFA (Kimmelman and Cooper, 1984) study
predicted about 750,000 households or 2 million people.



55

studies, we have discussed, add positively to our understanding of
this issue. prever; the LEC drop-off studies, the CFA predictions,
and to a much lesser extent the.(GH) FCC paper, all seem to be
dedicated to achieving some policy goal rather than increasing our
understanding. While it is probably naive to expect those in
politically sensitive positions to be as apolitical as Wenders is in
his 1984 article, it is not unreasonable to expect that fhe studies
help rather than hinder our long-run learning process. We turn now to
the development of the theory that will support our empirical model

which in turn will continue this educational process.



. CHAPTER FOUR
A THEORY OF TELEPHONE ACCESS DEMAND

Early in an economist's training one learns that the demand
for a good depends on the price of the good, the prices of substitutes
and complements, and the consumer's income. These basic tenets
gleaned from neoclassical demand theory are only the starting point
for a good empirical study. More direction is required. A specific
demand theory that incorporates any novel features of the good to be
studied should be developed. The following unique features should be
incorporated, at least in principle, into any good empirical telephone
demand study: (1) a distinction exists between access to the‘tele-
phone network and use of it; furthermore, opfion demand, or the right
to make calls that may in fact never be made, might be an important
benefit for some subscribers; (2) the value of the network to a
(potential) subscriber depends on'the number of subscribers connected
to the network; (3) calls are jointly consumed; and (4) telephone
service is priced on a multi-block tariff schedule. We shall expand
briefly on each of these below:

(1) access/use distinction: The value of telephone service
is derived from using the netwo}k. This usage can take the form of
making or receiving calls. Usage, however, is conditional on access.
When deciding whether or not to buy access, the price of access is
compared to the benéfits derived from having access. These benefits
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are derived from usage and potential usage or option demand. ~Hence,
these access/usage decisions are closely related;

(2) subscriber externality: The telephone network is comprised
of many subscribers. Larger networks offer more calling combinations
to subscribers. Therefore, everything else equal, larger networks are .
more valuable to subscribers than smaller networks. When a potential
subscriber is evaluating buying access to the network, the decision
affects all other subscribers' welfare as well as his(her) own. The
public nature of the decision may suggest departure from the "price
equals marginal cost" pricing scheme generally considered optimal;

(3) call externality: An individual making a call necessarily
implies that someone else receives the call. The receiver of the call
typically benefits from the conversation without paying for it. If
callers and "callees" make arrangements for returning calls to one
another then this call exterﬁa]ity is at least partially controlled by
the originating party. Again, this externality could have pricing and
welfare implications that should not be ignored;

(4) multi-block tariff: Telephone subscribers pay an
installation charge when connecting to the network. A monthly charge
for access must be paid to remain connected. In many jurisdictions,
the mbnth]y access price also iﬁc]udes unlimited local usage. Fina]]y;
the user must pay for any usage noi included with monthly access
(typically long distance or toll usage). Usage is priced with initial
and overtimé charges and by distance and time-of-day. Furthermore,
these charges are different by type of call, i.e., interstate toll

calls are tariffed differently than intrastate or local calls.



Before developing a model of telephone demand theoryvthat
addresses these unique features, we will Took at some recent contri-
butiéns of other authors. First, we will look briefly at the work of
Artle and Averous (1973) and Rohlfs (1974). Since these papers have a
different focus than we do, we will spend Tittle time on these studies
and include them mainly for historical completeness. More detailed
descriptions of these two papers is provided in Taylor (1980). The
third paper to be discussed is that of Squire (1973). While Squire's
focus is still different than that in this study, he has much more to
say about the particular demand points we consider important. We
will, therefore, devote ﬁore space to Squire's contributions. Lastly,
we consider the work of Taylor. Since this work shares our focus
almost exactly we will discuss it much more carefully. Throughout
these reviews we will attempt to use consistent notation rather than
the notation of each author, After the review, wé will forge a model
of telephone demand theory which closely follows Taylor that we will
use for estimation in the next chapter.

Artle and Averous (AA) consider a total population of N
individuals - GO without telephones and G1 with telephones. All
individuals in Gl are assumed to speak with each other over the
relevant period of time. AA then define a utility function and the
dummy variable

T Ui(xi,qi)

qi' _ {q for all 1 in G,

0 for all 1 in GO,
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whére q is the number of telephones. It is assumed that the private
goods consumed are the same for all individuals in each set Gi’ i.e.,

1 and all individuals in Go consume xo.

all individuals in G1 consume X
Now, the utility function(s) may be rewritten as
vl = uhxt,a)

w9 = 19(x9,0).

AA now assume the presence of an omniscient social planner that will
care for the population. Further, the planner is given a production
possibility frontier (F) and is asked to determine the optimal value of
q. AA assume the following social welfare function

W= (Ul (), (-q)00(:,0)).
Maximizing the social welfare function subject to the given production
possibility frontier will then yield the optimal q. The solution to
this problem is a simple application of the Lagrangian multiplier

technique. Solving the Lagrangian problem yields

10 1

TRRT v . F

(- *+a— = -0+,
X X UX X

where subscripts refer to partial differentiation.

Leaving the discussion of the terms in parenthesis to Taylor,
we note that the two ratios are the marginal rate of substitution (and
transformation) terms typically encountered in problems of this sort.
Note, however, that the ratio of the utilities is multiplied by q, the
number of telephones. This leads us directly to the key point made in

"AA: access to the telephone network is a public good and hence

addresses one of our four unique features of telephone demand.
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As pointed out by Taylor (1980), however, the AA analysis has
its weaknesses. Use and access ére not discussed in any meaningful
way. The utility associated with telephone access is clearly dependent
on the amount of use rather than just access itself. Income and prices
are also largely ignored. The Rohl1fs paper extends the AA analysis
in several meaningful ways. Rohlfs begins by defining two uti]ity

" functions for each of N individuals as

0 _
Ui = UilxgpeeeaXys)
1 _
U,i = Ui(qj’xil’.'.’xis)’
where .
UQ is utility of individual i if he/she does not subscribe

U% is utility of individual i if he/she subscribes -
Xik is the amount of good k consumed by individual i

1 if individual j has a telephone
% [0 if otherwise.

Note that the inclusion of qj explicitly assumes that the
utility of a subscriber depends on the number and identity of other
subscribers. Rohlfs uses a two-step maximization process. Stated
simply this procedure involves comparing the maximum utility achieved
with telephone service to the maximum utility achieved without
telephone service. Access will be demanded by individual i if

max U% > max U?.'

Roh1fs defines the demand variable, 9 for individual i as follows:

[1 if max U% >max U?

d _
Q; .
0 otherwise.
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Assuming all other prices and income are held constant, q? may be
written

q? = q?(n,qj) for all j # i,

where 7 is the price of access. Rohlfs concept of an "equilibrium
user set" is then defined as

q; = aq;(m, qj) for all j # i and for all i.

Thus, in equilibrium, access to the system will be demanded by all
users and will not be demanded.by non-users. Rohlfs shows that for
fixed n that the above system of equations does not; in general, have
a unique solution. This point is key, because it points out (Taylor,
1980, pp. 24) "... the possibility that a telephone system can grow
over a period of time even though external factors (income, price, and
the size of the popglation) do not change;f The Rohlfs analysis
provides three basic improvements over the analysis of AA. First, the
notion of the equilibrium user set ends the requirement for a social
welfare function. Second, the two-step utility maximization procedure
is a useful device that will be extracted by Squire and Taylor and
used later here for our purposes. Third, the price of access appears
explicitly in the Rohlfs analysis.

Once again, however, shortcomings remain. As with AA, there
is no distinction between access and use. Individual i certainly
derives some utility from being able to call individual j. Individuals
iand j héving access to the telephone system only guarantee the ability
to talk. The actual act of conversation or usage of the telephone
system will likely lead to quite different, probably Targer, utility
levels than merely having the ability to talk. This also begins to
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suggest a difference between individual i calling individua] J and
being ca11éd by individual j. These points will be discussed more at
length in the Squire paper.

Squire uses consumer surplus (CS) to measure the benefits
associated with placing calls. The ith individual's demand for those
calls will depend on both the price of the call and the number of
subscribers. This is pehaps an obvious point since to complete a call

a "callee" is necessary. The consumer surplus is defined as

%
cs® = oM dz - g,
where

CS(N) s the consumer surplus with system size N

q is the number of calls
g is the inverse demand function
p is the price per call.

Squire sums over individuals to get the total benefits:1

94
Y[ 9;(z,N)dz - pa;

CS(N)

i

0

q
/ G(z,ﬁ)dz - Pq,
0

where G(q,N) is the market conceptual demand curve for originating
calls. Squire then turns to the benefits of incoming calls. Using

the typical mean-variance approach to the risk-return tradeoff, Squire

1. As Taylor points out this sum necessary implies a logical
contradition.
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develops a certainty equivalent for the uncertain return associated
witﬁ an incoming call. Squire then assumes that this certainty
equivalent is equal for all individuals. Accordingly the total

benefit of making and receiving calls may now be written

T8 ECSi(N) - Epq. + bq
i i)

q
Jf G(z,N)dz - pq + bq,
0

where b is the marginal benefit of receiving a call. Now, the
marginal subsciber, N, is defined such that the total benefits of

access must exactly equal the total cost of access, i.e.,

CSN(W) + bqé =,

where
m is the monthly access price
qé is the number of incoming calls expected by
individual N.
This, in effect, determines optimal system size.
Using constant marginal costs for calls and installations,
Squire defines a total cost function:
TC = cq + kN.
Squire's attention is then focused on maximizing net benefits (TB-TC)
by choosing optimal prices p and . Squire derives an optimal usage

price, p* that equals the marginal cost (c) less the benefit derived

by receiving the call (b). This clearly points out the public nature



of a call or the call externality. Given the optimal usage price one
can then derive the optimal access or rental price, n*. Squire writes
this as

N N-1 _

£ CS(N) - = CS(N-1).

i=1 i=1

1r*=k+bq'£-(

Squire then discusses at some length whether =* would be greater than,
less than, or equal to marginal cost. However, for our purposes, the
demand specification piece of the paper is the important part.
From our perspective, Squire's piece makes several important
contributions. First, the paper explicitly recognizes the key
access/use distinction. Second, Squire differentiates between
originating and terminating calls and carefully discusses the call
externality. Third, through the development of the optimal price of
access or rental, Squire accounts, in some sense, for the network or
subscriber externality.
The following shortcomings of the analysis are observed.
Except for the following quote (pp. 520)
... existing subscribers may receive a benefit from a new
subscriber, even if they do not call him. For example, if the
new subscriber is a doctor, his availability may be considered
a benefit even if there is never any actual need to call him.
However, one would imagine that the marginal benefit from an
extra doctor would decrease quite rapidly, so that is perhaps
not too misleading to ignore this externality.

which deals as much with option demand as it does the network or

subscriber externality, Squire makes no explicit mention of this

externality. While its importance may be suggested, a careful

discussion would be valuable.

64



65

Additionally, the Squire assumption of equal benefit across
individuals for 1ncomin§ calls could be improved. Merely varying this
by individual, say bn’ offers some improvement. It would, however, be
sensible to relate the benefits received from incoming calls to those'
received from outgoing calls. People tend to call and be called by the
same people. Also, since we are considering these benefits previous to
the actual access decision it would seem logical for the benefits of
incoming calls to be related to outgoing ca]ls.2 These shortcomings,
are however, fairly minor when compared to the insights offered by the
paper.

We turn now to the work of Taylor (1980). Taylor begins by
defining the dummy variable

1 if consumer has access to telephone network
v {0 otherwise. '
We now define the standard neoclassical utility function

U = U(Yq,x,¥N),
where

q is the quantity of telephone calls

x is a composite good representing all other goods and services

N is the number of subscribers to the telephone system.

The budget constraint reflects the two-part tariff associated with

access and use and is given by

2. A more subtle point may also be important. Squire
discusses the difference between observed and conceptual demand curves .
caused by varying system size. However, there may also be different
observed and conceptual demand curves (with fixed system size) for
different incoming call volumes.



(m+ pq) + pxi = M,
where

7 1is the price of access to the telephone system

p is the price of a call ”

Py is the price of the composite good

M 1is the income of the consumer.

The specification of the consumer's problem recognizes the benefits
associated with placing calls and the pubiic or network benefit of the
system. Calls made by other subscribers or incoming calls are not
included. As pointed out by Taylor, however, while the Rohlfs-type
interdependent demand is superior in principle, the specified
procedure is more empirically tractable.

The consumer's problem is solved using a two-step procedure
similar to the Rohlfs and Squire procedure. First, we assume that
access is purchased ( ¥=1) and we maximize utility. The benefits
accrued to access (through use) are then compared with the price of
access. If the benefits exceed the cost, then access will be
purchased and the analysis is unconditional. We set up the following
Lagrangian assuming access is purchased:

L = U(g,X,N) - A(M - 7 - pg - p.X).

We maximize the Lagrangian with respect. to q and x. The first-order
conditions are

o

U
= = + A =
a - % P70
i _ _
a—x = -—a; +Apx—0.
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From these first order conditions and the budget constraint the
following demand equations for calls and other goods are derived

q(p,p,»N,M - 7) (4.1)

q

X

x(p,px,N,M - w).
The demand functions are atypical in two ways: (1) the access price is
netted from income reflecting the conditional nature of this analysis;
and (2) the demand functions depend on the number of subscribers and
hence reflect the access externality.

We may now measure the benefits associated with this usage by
calculating the consumer surplus:

Cs = fq(zspx’N9M - 11-)dZ. (4-2)
P :

Now, access is demanded if

CS > =
Equivalently, we could write the condition as

1ifCS > , (4.3)
' [0 otherwise.

If this condition holds, then the previous analysis is unconditional.
On the other hand, if the following condition |

CS <=
holds, then the demand for calls does not apply. In addition, the
typical demand equation for all goods, x, is simply

X = M/px.
We riow have the conditions for access for the individual
decisionmaker. Taylor then proceeds to extend the analysis to the

entire population. The number of subscribers, N, may be written as



N*

YA
where N* is the total population size and the subscript i denotes the
ith individual. Using equations 4.2 and 4.3 for all individuals we
note that ¥ is a function of p’px’N’ T, and Mi‘ The Wi'wil1 vary
across individuals either because of differences in income (Mi) or in
preferences (gi). Taylor assumes that everyone has the same
preferences and that differences in Wi will be related to differences
in income. This in turn implies that system size, N, depends on the

distribution of income. Taylor now writes

1-F(m)

Prob (CSi> )

1 - f"f(csi) acs;, (4.4)
0 )

where f and F are the density and distribution functions of the
consumer surplus (CS). Under the Taylor assumptions of identical
preferences and different income by individual, the distribution of
consumer surpluses will be related to the distribution of income.
Employing fhe change of variable technique, Taylor rewrites expression

4.4 as

Prob (CS;> ) = Prob (M,>M*( 1))
1 - H[M*( m)]
M*( 7)
f h(M, )M,

where Mf( m) is the solution of equation 4.2 when solving for M, Or

more conveniently, we may write the proportion of subscribers as
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Prob (Mi >M*( 7))

fmh(Mi) M . : (4.5)
M*("r )

We note that if income for the individual exceeds M*(r ) then he/she
will purchase access. Thus, in the analysis, network size will be
determined by the distribution of income. We could write equation 4.5
as

T’:}* = G(p,px,N, m,Y), (4.6)

where G is a very complicated composite function. Taylor (1980,

pp. 39) notes that equations 4.1 and 4.6 "comprise, in general form, a
bare-bones model of telephone demand." Note that these equations
explicitly distinguish between usage (4.1) and access (4.6).

Taylor goes on to discuss in some detail other attributes of
telephone demand. In particular, he discusses option demand and the
impact of multi-block (initial, overtime, and time-of-day) prices on
usage. While the multi-block effects are important when studying
usage, we wish to focus on access and as such will not review these
results. We will, however, discuss briefly the section on option
demand. , .

The basic notion of option demand is that the individual
receives utility from possessing an option to do something even
though he/she may never exercise the option. For example, the ability
to make a call should some situation arise (e.g., emergency) yields

utility even if the situation never occurs.
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Taylor begins his analysis of option demand by defining the
following variables

R is total number of calls the individual has the option to make

r is the average proportion of these calls actually made.
Thus, the product rR is the expected value of the number of options to
be exercised. Taylor assumes this is included in the coﬁsumer surplus
calculation. Thus (1-r)R options are not exercised. Assume some value
for these options, say w. Equation 4.3 could now be generalized as
{1 i €S, + w(l-r)R > 7 (4.7)

0 otherwise.

.i
Likewise, the threshold value for income is adjusted in the same way.
Further assuming that w is subsumed into the shape of G, 4.6 may be
rewritten as

N (4.8)

N* = G(p’px,Ns'ﬂ'QY,r,R).

Taylor then splits these options into two distinct types: (1)
emergency calls; and (2) pleasure or business calls. Taylor then
discusses relative importance and relationships of these two types.
The discussion yields a suggestion to include network size and an
urban/rural indicator in an attempt to reflect the second and first
option types, respectively.

We now turn to a critique of the Taylor approach. Since we
follow this approach ourselves the criticism will necessarily be
short. The major criticism, that we will extenq in a perhaps
oversimplified fashion, is the exclusion of incoming calls. Another

minor criticism -- one that we would level at ourselves as well -- is



71

the treatment of option demand. The Taylor discussion is quite clear.
However, precious few suggestions on how to incorporaté option demand
into an empirical study are made. In fact, Taylor (1980, pp. 41)
referring to equations 4.7 and 4.8 states "Although the foregoing is
straightforward in principle, the important question is whether option
demand can be dealt with empirically."
Lastly, we would 1ike to comment on the following statement

about the network externality (pp. 32)

... the system externality might be measured better by the

proportion of the population having a telephone rather than

just the number of subscribers, which is to say that we assume

that the system externality is always positive. However, the

popularity of unlisted and unpublished numbers in large

systems suggests that this may not always be the case. Almost

certainly, the effect of the externality is nonlinear.
We believe the data supports the claim of a nonlinear externality.
We, however, suspect that the externality is always positive --
perhaps very, very small at today's large network size but positive.
The interesting thing about the quote is the interaction of the
subscriber and call externalities. Thus, in isolation we believe the
impact of the subscriber externality is non-negative. The total
impact, however, as suggested by Taylor, may indeed be negative. This
is possible since as network size increases the probability of
receiving nhfsance (wrong numbers, sales calls, customer surveys,
etc.) calls also incréases. Hence, the small non-negative subscriber
externa]ity may be dominated by the increased probability of negative
call externalities. In fact, it would appear that consumers are

attempting to avoid these negative call externalities by purchasing

unlisted numbers or answering machines to screen calls.
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Using this historical ﬁerspective, a theory of demand for
telecommunications service will be developed that incorporates the
four unique features discussed at the beginning of the chapter. The
point of departure for modeling telephone demand should be the
distinction between access and usage. The decision to subscribe to
the telephone network depends upon the costs and benefits of
subscription. The costs are clearly the price of subscription and
price paid for any calls made. The primary benefits from subscription
include the satisfaction from making and receiving calls, i.e., usage.
Thus, the decision to buy access clearly depends on the individual's
expected usage of the telephone system. Obviously, the ability to use
the network depends on having access to it. We will use the Taylor
2-step process: (1) measure usaée assuming access is purchased; and
(2) compare the benefits (consumer surplus) from usage to the cost of
access and determine if access will be demanded.

Assume the usual consumer utility maximization problem subject
to a budget constraint, i.e.,

MAX U= U(‘l’qo, ¥ap, X, ¥N)

s.t. (r+pg) +px=M,
where

1 if the individual subscribes to the telephone network

* {; othérwise.

q, is minutes of telephone usage originated

ap is minutes of telephone usage received

N is number of telephone subscribers



x is a composite good representing all other goods

and services consumed '

w .is the price of access to the telephone network

p is the price per minute of telephone usage

Py is the of price for the composite good x

M is the consumer's income.

Notice the utility function follows Taylor closely with the excepfion
of the inclusion of incoming traffic. The budget constraint,
identical to Taylor's, reflects the two-part tariff.

The inclusion of originating and terminating minutes
separately in the utility funct%on explicitly recognizes that a call
made and received yields different amounts of satisfaction. When an
individual makes a call, one knows the "callee" and the desired topic
of conversation. The biggest uncertainty involved is whether or not
the party Wi1] answer the phone. On the other hand, when called, the
"callee" knows neither the caller nor the desired conversation theme.
Furthermore, the "callee" may be involved in activities that are
costly to discontinue in order to answer thg phone, e.g., taking a
shower. The inclusion of the number of subscribers in the utility
function incorporates the subscriber externality explicitly, i.e., the
utility of the consumers depends not only on the amount of usage but

also on the number of people that can be r‘eached.3

3. MWe have implicitly assumed that to use the network one
must purchase access. However, with coin phones or neighbors, this
need not hold. If use is not totally dependent on access then network
siz$ may be an argument in the utility function for non-subscribers as
well.
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We will assume that incoming calls are relgted to originated
ca]fs, e.g.,

ag = flay), |
where AR is the number of calls received and q is the number of
originated calls. The assdmption is supportable for many reasons.
First, as suggested by Larson, Lehman, and Weisman (1986), implicit
contracts may exist between callers and callees. These contracts may
partially account for the existance of reciprocal calling patterns.
In the long run, at least, individuals are unlikely to receive calls
from parties that they never call. Perhaps, more importantly, we
should note that in our analysis we are attempting to measure the
utility from originating and receiving calls prior to the actual
access decision. It seems intuitive that the utility from receiving
a call from individual i is somehqw related to the utility received
from calling individual i. Incorporating this assumption we rewrite
the utility function as

U= U(\qu,‘i’f(qo),x,‘l’N).
We begin the two-step procedure by setting up the Lagrangian for
maximization assuming that access in purchased:

L = U(ay»f(a,)sx,N) - XM - = -pq -p,x).
The first order conditions are

U aU af

QL
-

]
- = + — + AD =
3q, 9q, = afaq, " AP0
aL _ au ' _
X X *Ap, = 0.

Solving the first order conditions and the budget constraint yields
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the demand functions for 9 and x:

qO qo(p’px’N9M'")

X x(p,px,N,M-w).
Notice that these equations look exactly like the demand equations
derived by Taylor.

We now proceed tp the next step'of the procedure by first
measuring the benefits associated with usage. The consumer's surplus

from originating calls is

cs, = fqo(z,pX,N,M-n)dz..
p

In principle, at least, we can write the benefits associated with
incoming calls as a function of the benefits associated with
originating calls:

CSp = g(CSo).
Thus, the total bengfit associated with usage is the sum of these
individual measures:

Cs

CS° + CSR

CSo + g(CSo).
Now, we compare the benefits to the (cost) price of access. Access
will be demanded if the benefits exceed the price, i.e.,

i 1ifCS >
y =
0 otherwise,

We extend this to system size determination or the proportion of
households that purchase access to the network by assuming constant

income and the following demand function for each individual:
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Gp; = 9p(PspsNoM=-7) +uy
where u; is an error term that represents a state-of-nature that
befalls individual i.4 We will assume that the u; are drawn randomly
from some probability distribution. Assuming the number of incoming
calls are unaffected by Uj, we have the following condition for access:

CS + u; >m.
We can now write the probability that individual i will purchase
access as

Prob(access) = Prob (ui > 7T - CS). (4.9)
Notice that the proportion of the population that subscribes is simply
related to the distribution oflu. If, however, we allow income to
vary across individuals as well, then. equation 4.9 is written as

Prob(access) = Prob(ui + Cs; > f). (4.10)
Now, the proportion of the population that subscribes to the telephone
system is related to the joint distribution of u and the consumer
surplus (CS). The consumer surplus in turn depends only on the
distribution'of income. We are now ready to use this model of

telephone demand theory to estimate an ehpirica] model.

4, One might alternatively interpret the u;, as some -
difference in preferences in the random utility modé1. It could
alternatively be included inside the function q.



CHAPTER FIVE
ESTIMATION

We continue the analysis of the last section with an explicit
demand equation. While the choice of the semi-log demand function
went unexplained in Perl (1983), it has several attractive features
worth outlining. Since we are dealing with local usage and typically
local use is priced on a flat-rate basis, we require a demand function
that is defined at a zero price. Furthermore, since consumer surplus
is a convenient yet typically accurate measure of benefits (Taylor,
1980 and Willig, 1976), our extensive use of this concept requires a
demand fuction with a tractable form for conéumer surplus. The
semi-log form meets all these requirements. Following Perl, we can
write the demand for usage as follows

q = Ae"*Pyfel | (5.1)
where

g is minutes of use

p is the price of a minute of use

y is income

u is an error term.

At this point we are ignoring the complications of the network and‘
call externalities as well as other important socio-economic variables,
e.g., race, household size, etc.

77



The consumer surplus or the measure of benefits from q units
of use can be calculated by

s = Ae~%yfeldz ‘ (5.2)
p

Ae~@Py By, .

Access will be demanded if the benefits from access (CS) exceed its
cost (r). That is, we have the following condition for access
€S > 7. ' (5.3)

Equivalently taking logs yields the following more convenient forms

InCS>Inn
and .

a-ap+ Blny+u>1nm, (5.4)
where a = A/a, Rearranging equation 5.4 yields

u>1inm-a+ ap - Blny. (5.5)

If we now assume that u is distributed normally with zero mean and
2

variance 9, then we can write the probability of access as
Prob(access) = Prob(u>1Inn- a + ap - Blny) (5.6a)
-1 - ¢(1n‘n- a0+ ap - B]ny)’ (5.6b)
u .

where ¢ denotes the distribution function for the standard normai
distribution. This.is essentiaily the model estimated by Perl using
individual data.

At this point, we have the basis for proceeding with the
empirical analysis. We began by positing the typical distributional
assumptions on u, i.e., logistic, normal, and uniform. Using these

assumptions, we were prepared to estimate the standard discrete models
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(Tinear probabi]ity, logit, and probit). Due to the size of the data
,set,,it was our plan to use the linear probability model as a search-
ing tool. We decided on this course of action by weighing carefully
the costs and benefits of OLS estimation. The costs of OLS (e.g.,
prediction outside the 0-1 interval) are well-known and are reviewed
in Appendix A. The major benefit is the ease and cheapness of
estimation that facilitates model development and variable choice.
The results of the OLS estimation are shown in Table C.1 in Appendix
C. We then attempted to estimate logit and probit models of simi1ar-
structure. These results were quite surprising, however. The logit
and probit models performed very poorly. Indeed, the most obvious
failing of the models was that the access price, or the key variable
of interest, was very insignifiqant. At this point we began to
question our assumptions and analyze the results of linear probability
model more carefully. Of particular interest in the linear regression
was the strength of the poverty variable. The surprising strength and
magnitude when compared to the income variable suggested that the
income distribution was not being adequately modeHed.1 We also began
to rethink using individual modelling techniques and assumptions on
aggregate data.

At this point, a digression on the data is in ordér. A1l
economic and demographic data are from the 1980 Census Long Form

Questionnaire. A1l telephone specific data (rates, mileage, measured

1. Some of the model predictions were unsatiéfactory as well.
These are discussed in Appendix C.
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service availability, etc.) are from the Rates and Costs Organization
of Southwestern Bell Telephone (SWBT). These telephone data were
provided by wire center requiring matching of wire center boundaries
to census geographical units or vice versa. It was felt that the
analysis should be carried out at the Towest reasonable disaggregation
that allowed accurate matching of telephone company rate data with
census economic and demographic data. Since the Census masks any
responses that might reasonably identify individuals, the census tract

2 Each census tract is composed

was chosen as the unit of observation.
of many block groups. These block groups were used to match wire
centers to census tracts.3 Tracts contained entirely in a wire center
have the price effective in that wire center. Tracts overlapping wire
center boundaries have a population weighted average price from the
relevant wire centers. This resulted in 8423 observations from the
five SWBT states: Arkansas (AR), Kansas (KS), Missouri (MO), Oklahoma
(0K) and Texas (TX). Of these 8423 observations ovér 6500 had a
unique price for the entire tract. The other 1900 or so were averages
of two or more prices. This mapping is considerably more accurate

than that of Perl. This increased accuracy of our mapping methodology

was one of the primary motivations for undertaking the study.

2. Census tracts in wholly tracted counties; the smaller of
Minor Civil Division and place in not wholly tracted counties.

3. If the entire boundary of a block group was inside
(outside) a census tract, then the block group was (not) allocated to
that wire center. If the block group was only partially contained in
a wire center then it was allocated to the wire center that contained
the population centroid of the block group.



To account for the aggregated data and income distribution we
note that the census tract is the unit of observation and we will
aggregate equation 5.6 over the joint distribution of u and y. We
assume that the natural logarithm of y is distributed as N(u;'oi),
i.e., y is lognormally distributed. Additionally, we assume that y
and u are independent. With these assumptions, we can rewrite '

equation 5.6 as

Prob(access) = Prob(u + Blny > Inm - a + op) (5.7a)
= Prob(w >1Inm - a + ap) (5.7b)
and we note that w is distributed as N(gu, oﬁ + 3205).

Let Vj denote the proportion of households with phone service

in census tract j. This proportion will be given by

.= . . - + . ). .
VJ Prob(wh > 1n'nJ a apJ) (5.8a)
Alternatively, by standardizing wj, we can write the proportion as
2 2 2 \%
.= K . - R + . .
v Prob(ub >(1n'nJ a +ap; BuJ)/(ou B °yJ) ) (5.8b)
= R > W .
Prob(wJ > wJ) (5.8¢)
=1 - ¢(Wj), (5.8d)
where
w.* = 5T Buj

j AR
(ou +.8 O'yj)

Inm, - a+ ap. - Bu.
PO Bl Mol (5.9)
j T 2T :
% ” B dyj

Equation 5.9 is merely the fprmu]a for .the probit or z-score, call it

F. These probits are observed by tract. Hence, we may write

. - + . - .
L R LTI

J (03 + Bzoij)% J

(5.10)
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Clearing the fraction we have .

Fj(oﬁ + Bzaﬁj)% = 1nnj -a+ apj - Buj + ej*, (5.11)
where

e = il + o)t

While equation 5.11 offers a number of challenges for
estimation, there are several important details that must be considered
prior to estimation. First, we should note that there are benefits .
from receiving calls as well as originating calls. Second, we should
also consider that use is split into two parts: 1local use and toll
use. Third, we should discuss the choice of class-of-service that
many customers face, e.g., flat-rate service or measured-rate service.

Consider that the consumer receives utility from incoming
calls as well as calls he/she originates. Recent research indicates
the existence of implicit contracts between callers and "callees",
e.g., the number of incoming and outgoing calls are related.4 The
research also indicates the ratio of incoming to outgoing is quite
similar across geographies or routes. Additionally, as we noted
previously, this analysis is prior to the access decision and hence it
seems quite reasonable that an individual might relate expected
incoming benefits to expected originating benefits. Hence, we assume
the following simple relationship between calls received (qR) and

calls originated (qo):

qR = Yq09

4, Other reasons for relationships between callers and
“callees" may exist. See Larson, Lehman, and Weisman (1985) for
additional discussion.



where vy is a constant between zero and one. Using this relationship,
we note that the benefits from receiving calls (as measured by
consumer surplus) depend directly on the benefits from placing calls
and may be written as

CSy = YCSO,

R
and that total benefits from placing and receiving calls is

InCS=1n(1+Y) + 1n CSy- (5.12)
Using equation 5.12 we can rewrite 5.11 to include the benefits from
receiving calls as follows

Fi( + szof,j)* = Inm - ar e+ opg - Bug bt (5.13)
where a* = a(l +v).

Consider, now, separate local and toll usage demand equations.
Since toll calls and local calls are priced differently, we will have
separate demand functions for local minutes and for toll minutes.
As before, we will assume simple semi-log demand functions for minutes
of use, i.e.,
Ae~ %Py %€ (5.14a)
Be” Zy%e®, ' (5.14b)

where
a1 is originating local minutes of use
p 1is the price of a local minute
y is income
A1 is originating toll minutes of use
Z is the price of a toll minute.
Now, the benefits the customer receives from originating toll and

local minutes, once again measured by CS, are

g3



sy, - pe” %Py P o€ (5.15a)
[s .

syr - Be” %y *e® . - (5.15b)
T

We will again assume the same simple linear relationship between

incoming and outgoing minutes for both local and toll usage:
9L = Y%L

9%t * 1T,
where QL denotes local minutes received and T denotes toll minutes
received. Now, the benefits the customer accrues from receiving
calls, measured by CS, are directly related to incoming benefits and
may be written as

CSpL = ".CS0L

CSRT YTCSOT.
Thus, the benefits from making and receiving local and toll calls,
measured by CS, in logs for convenience, are:

TnCS

L In(1l + YL) + 1nCS0L

1nCST = In(1 + YT) + 'InCSOT
TnCS

+

L+ 1nCSp = Tn((1 + ¥ )(1 + Y7)AB/oT) - ap - 1z
+ (6+¢)Iny + € + &
InCS, + 'InCST = a* - ap - 1z + Blny + u, _ (5.16)

where

a* = In((1 + 7,)(1 + Y;)AB/aT)

g +9¢

@™
n

u =€+ &g,
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The consumer Qi]l buy access based purely on local usage if the
benefits derived from local usage exceed.the access price, i.e.,

n CSL > Inm . (5.17)
Likewise, the consumer will buy access based entirely on toll usage if

In CST > Inm . (5.18)
Finally, the consumer will buy access based on total (local plus toil)
usage ifs

In CSL + In CST > Inmw '

a* -ap -1z + Blny +u > Inm , (5.19)
We note, that this separation of use into local and toll components
causes no changé to equation 5.11 except the the interpretation of the
coefficients is different. For examplie, B is now the income
elasticity of total use as opposed to the previous interpretation of
the income elasticity of local use.

We now turn our attention to the class-of-service choice
concerns. There are three different possibilities for local pricing
to consider:

1. Only flat-rate service is available;

2. Only measured-rate service is available;

3. Both flat-rate and measured-rate service is available.

Since the marginal usage price is zero in flat-rate areas,
access will be demanded in these areas if

u+ Blny > 1nn¥ - a* + 12, (5.20)

5. The condition is sufficient but not necessary. For CS
greater than $1 (which certainly holds for all census tracts), the log
of the sum exceeds the sum of the logs.



while in measured-rate areas, access will be demanded if

u+ glny > Inm_ - a* + ap + 1z, - | (5.21)
where Te and L denote the monthly fixed access price for flat-rate
and measured-rate service, respectively. For choice areas, we note
that either 5.20 or 5.21 holds. From these two inequalities, we
conclude that access will be demanded if

u + glny > min(1nwf, ]""m + ap) - a* + 1z, (5.22)
From equation 5.22 we also note that class-of-service choice is
deterministic, e.qg., f]at-réte service will be chosen if

1n1rf > ]nnm + ap, (5.23)
while measured-rate service will be chosen if

1n1rf > 1"Wm + ap. (5.24)
Notice, however, that it"is quite possible for

nf>ﬂm+ap

or for flat-rate expenditures to exceed measured-rate expenditures but
also violate 5.24. Thus, while choice is deterministic for a given
estimate of o, we are not assuming strict bill-minimization.

To include these service choice characteristics in our
analysis, we begin by defining the following dummy variables for the

three areas of concern:

§, =

{1 if only flat-rate service is available
1

0 otherwise

{1 if only measured-rate service is available
6 -
2

0 otherwise
{1 if both flat-fate and measured service are available

0 otherwise.
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Using these dummy variables and incorporating equation 5.16 we can
re-write 5.11 as follows:

F.(c:r2 + 3202.)* =§, Inng, + (Inm . +ap.) (5.25)

iTu ¥ 1My T G Ny T P

+ & min{Inm_, ]"Wn + apj) - a* - B"j + 2 + e;-
Noting that SWBT has no mandatory measured areas (i.e., §o = 0) and
adding demographics, we can rewrite equation 5.25 as follows:

2 2 % _ - . +
Fj(ou + °_yj) § 'Innfj 55 min{(TInm ’r ]n"mj apj)

= _a* - .+ . =TLh.x.. + e. 5.26
a Buy + 1z ; i*ij * ey ( )

where xij denotes the socio-demographic variables considered relevant
and ej is the error term. The task at hand is to estimate equation
5.26. At least three peculiar items must to be handled during
estimation: .

1. The equation is nonlinear in Bg;

2. The unknown nuisance variance, oﬁ, is to be estimated;

3. The parameter o« appears only inside the min function

which makes any derivitive based estimation technique

computationally very burdensome and probably impractical.
2
u’
left-hand-side, say zj:

2 2 v} _

- 63min(1nwfj, ]""mj + apj).

Notice that if o, B and o were known, we could calculate the

2

.= F, + .
2 FJ(°u B (5.27)
Equation 5.26 could then simply be estimated as a linear regression.

Since these parameters are unknown, however, we must resort to an

iterative scheme.
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The following sequential search process is used:
1. Select initial values for BRand «. Searéh over values

2
of o

between actual and predicted Fj is found;

2
u

B. Search over a until the value is found that maximizes

until the one that maximizes the correlation

2. Set o as discovered in (1) and keep the initial value of

the correlation between actual and predicted probits (Fj);

- 2
3. Set %

as discovered in (1) and o as discovered in (2).
Re-estimate regression 5.26 to get an estimate of B.
Replace estimate of B in 5.27 to get new zj. Continue
this process until the new estimate obtained is less than
some prespecified tolerance from the previous estimate.
The model equation summarized in equation 5.26 is estimated
using the previously described data. Table 5.1 displays the model
actually estimated. Please note the subscript j denoting the‘census
tract has been deleted for notational convenience in all tables. The
moving of the toll price to the left-hand-side was necessary due to
the structure of toll prices, i.e., all individuals face identical
“interstate rates and intrastate rates vary little across states.
Therefore, we have variation across states but not across tracts

within states. Hence, despite many attempts to estimate t in a

meaningful way, we were forced to choose it. Fortunately, there is a

6. Appendix B provides a more detailed description of the
computational algorithm. :
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F( Ty

= -a* - gy - b1 RENTER - b

by

by EMP + b

9
Where: F

-

u

ax, b1
RENTER
RURAL
BLACK
SPANISH
AMINDIAN
IMMOB
AVGAGE
MILAGE
EMP
LINES
HHSIZE

2 2)%

SPANISH - b
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Table 5.1
Estimating Equation 5.26

- 61]" 'n'f - Gsmin(]n 'ﬂ'f’ ]n'" +6p) - 12

o m

o RURAL - b3 BLACK -

AMINDIAN - b, IMMOB - b7 AVGAGE - b8 MILAGE -

5 6

LINES + b.. HHSIZE + e

10 11
are the probits of the census tract development levels
nuisance variance to be estimated

coefficient on income to be estimated

within census tract variance of log of income

dummy geographic variables denoting local pricing options
log of flat rate access price

log of measured rate access price

price of a local call

coefficient on local usage price to be estimated

price of a toll minute

coefficient on toll price (restricted)

is the mean of the log of income

coefficients to be estimated (i = 1, 11)

% of census tract that rents

urban/rural indicator

tract that is Black

tract of Espanic origin

tract that is American Indian

tract that has not moved since 1975

of census tract

% of census tract that pays mileage charges

% of census tract that suffered no unehp]oyment in 1979
# of lines that can be reached in "local calling area" -
log of the average number of people per household

% of census
% of census
% .of census
% of census
average age
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wealth of information on toll elasticities (Taylor, 1980) and a
reasonable value for t could be selected relatively easily.

The estimated coefficients are provided in Table 5.2. All
variables have the theoretically correct éfgn and are statistically
significant. The t-statistic for the price of local use and the
standard error on the nuisance variance (oﬁ) aré estimated using a
jackknife technique (the technique is described in Appendix B).

Summarizing the impact of socio-demographic factors, telephone
development is lower for' black, hispanic, and American Indian house-‘
holds, lower for renters than for homeowners, lower in rural areas,
and lower for households whose members suffer unemployment. On the
other hand, telephone development is increased by address longetivity
(IMMOB), average age, and the number of telephone lines in the local
calling area.

The interpretation of the coefficients is noteworthy. The
coefficient for income, 0.97, represents the elasticity for usage with
respect to income, e.g., if income were increased 10% then usage would
increase 9.7%. In a similar fashion, one could derive elasticities
with respect to use for the other variables. For example, the
coefficient for IMMOB, .51, mu]tip]iéd by the mean of IMMOB, .52,
yie1ds the usage elasticity, .27, with respect to the mobility .
variable. The access elasticities, however, can not be observed
directly. These elasticities mﬁst be induced by changing the values
of a variable and then calculating the induced change in development.
These results will be presented in Chapter Seven following the

discussion of model verification in the next chapter.



Table 5.2
Equation 5.26
Coefficient Estimates

coefficient
variable ‘ estimate t-statistic
INCOME (B8) .97 19.7
PRICE OF LOCAL MINUTE («) -6.98 -13.32
PRICE OF TOLL MINUTE () -2.50 --
PRICE OF ACCESSP -1.00 . -
RENTER -1.56 -14.4
RURAL -.77 -18.5
BLACK -1.05 -12.0
SPANISH -2.42 -22.9
AMINDIAN -7.27 ' -14.6
IMMOB .50 4.7
AVGAGE .04 - 8.1
MILAGE -.43 -3.8
EMP 2.66 13.8
LINES .39 3
HHSIZE . 1.10 5
Constant (a*) ' .70 1.
Nuisance variance (aﬁ) 5.1 .06%¢

.4168
.4159

RZ (uncorrected)
R? (corrected)

dEstimated from the standard error arrived at via the Jackknife method
bFlat rate price in area 1; minimum price in area 3

“The standard error is provided here since variances are typically
not distributed normally.



CHAPTER SIX
MODEL VALIDATION

Before discussing the results of the study, we will describe
the validation tests performed. These validation tests include
internal estimation and prediction comparisons and external prediction
comparisons. In terms of internal estimation testing, we are concerned
with specific assumptions that were made during estimation. In
particular, we are concerned with the inclusion of toll benefjts, the
selection of the toll elasticity, and the use of income and only income
to reflect differences.in individuals within a census tract. Internal
prediction tests will be performed through the use of hold-out samples .
(ex post unconditional forecasts) and an application of the model to
actual price changes (an ex ante conditional forecast). After this
discussion we will perform external prediction tests by comparing and
contrasting the repression estimates generated from the Perl (1983)
model and the SWBT pooled model with the results of the model presented
in Tables 5.1 and 5.2. This will conclude our process of model

validation.

6.1 Internal Validation: Estimation

Tables 6.1 and 6.2 present the results for a doubling of rates
using the model described and estimated in the fifth chapter. We
employ sample enumeration as described in Appendix A to generate these
tables. While Table 6.1 is a direct application of the sample
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Table 6.1
Equation 5.26:

Predictions for Doubling of Rates -- by State

Actual
Development

AR 89.1
KS 95.3
MO 95.4
0K 92.7
TX 91.4
SWeT 92.5

100% increase
with Tower priced
alternative?

100% increase
all pr'icesb

84.6
(-4.5)

92.3
(-3.1)

89.6
(-1.8)

90.0
(-2.5)

83.6
(-5.5)

93.1'
(-2.2)

92.3
(-3.1)

88.8
(-3.9)

87.4
(-4.0)

88.8
(-3.7)

Numbers in parenthesis are repression estimates in basis points.

93

4neasured service, where available, is the Tower priced alternative and

its price is unchanged
b

both flat rate and measured raté, where available, are doubled
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Table 6.2
Equation 5.26:
Predictions for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase

Actual with Tower priced 100% Increase
Development alternative® - _all pricesb
ALL 92.5 90.0 88.8
(-2.5) (-3.7)
RURAL 90.1 . 86.0 85.7
(-4.1) (-4.4)
URBAN 93.0 90.8 89.4
(-2.2) (-3.6)
POOR,
RURAL 83.7 . .77.4 77.2
’ ' (-6.3) (-6.5)
POOR,
URBAN 85.0 80.5 77.8
(-4.5) (-7.2)

Numbers in parenthesis are repression estimates in basis points.

ameasqred service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled



enumeration technique, the rows of Table 6.2 require specific
discussion. The first three rows (ALL, RURAL, and URBAN) are simple
straight-forward applications, i.e., take. the weighted average over
the appropriate tracts. The concept of a "poor" tract, however, needs
elaboration. We order the tracts from poorest to richest, based on
the percentage of households that are poverty stricken. The poorest
twenty-five percent of the tracts are then used as our definition of
"poor'".1 The fourth and fifth rows are simply the intersection of
"poor" and rural or urban, respectively. This definition of poor is
used throughout the rest of this chapter. The columns refiect the
availability of measured service in some areas. The statewide availa-
bilities are as follows: (1) Arkansas 10.4%; (2) Kansas and Oklahoma
no measured service; (3) Missouri 2.2%; and (4) Texas 58.4%. These
two prediction tables, chosen to detail differences across states,
subgroups, or pricing options, along with differences in coefficient
estimates will be the basis of comparison between models as we relax
certain key assumptions. For each assumption relaxed, we will present
a table that displays coefficient estimates (a hybrid of Tables 5.1
and 5.2) and prediction tables analogous to Tables 6.1 and 6.2.

The first assumptjon we will vary is the inclusion of toll
benefits. To arrive at an estimatable form we were forced to make an

approximation in equation 5.19. Table 6.3 presents the results of the

1. The upper quartile was chosen on the basis of convenience
and accuracy. For example, the development of this quartile (88.9%)
compares quite favorably with the actual development (88.4%) for
"poor, urban" households in Missouri (the only state for which we had
access to any individual data).
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Table 6.3
Estimating Equation with
To11l Excluded

F( o 5 + 52 05)* - 511n L 53min(1n Tes 1n1rm + ap)

= -a* - Bu - b1 RENTER - b2 RURAL - b3 BLACK -

b4 SPANISH - b5 AMINDIAN - b6 IMMOB - b7 AVGAGE - b8 MILAGE -

b9 EMP + b10 LINES + b11 HHSIZE +‘ e
coefficient

variable estimate t-statistic
INCOME (B) 1.01 19.4
PRICE OF LOCAL MINUTE (a) -6.84 -
PRICE OF ACCESS -1.00 --
RENTER -1.63 -14.3
RURAL -.80 -18.3
BLACK : -1.15 -12.3
SPANISH -2.67 -23.9
AMINDIAN -7.52 -14.2
IMMOB .56 5.1
AVGAGE .04 8.1
MILAGE -.45 -3.7
EMP 2.82 13.8
LINES .37 4.7 -
HHSIZE 1.17 7.6
Constant (a*) -.12 -0.3
Nuisance variance (oﬁ) 5.7 -
RZ (uncorrected) = .4169
RZ (corrected) = .4150
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estimation when we ignore or exclude the benefits associated from toll.
Tables 6.4 and 6.5 present the results of simulating a doubling of
rates using the equétion displayed in Table 6.3. As can be obsérved
from comparing Tables 5.2 and 6.3, the coefficient estimates are very
similar. Indeed, the largest difference is between the constant terms.
Notice, for example, that tﬁe income coefficient changes only from .97
to 1.01. The repression estimates also are very similar. For example,
the total repression for SWBT when rates are doubled is 3.7% in our
model and 4.0% in the model where toll is excluded. The patterns
across geographic areas and customers groups are also quite similar.

Another potential problem associated with the inclusion of
to11 benefits is the choice of the toll elasticity. While we have
chosen the elasticity of one half to conservatively estimate the cross-
elastic effects of the toll price, we thought it interesting to observe
the effects of changes in this coefficient on the model. For this
comparison a toll elasticity of .7 was used. As can be seen by compar-
ing Table 6.6 with Table 5.2 and Tables 6.7 and 6.8 with Tables 6.1
and 6.2, the differences here are even smaller than the previous case
when toll was excluded.

In moving from equation 5.6 to equation 5.7, we are implicitly
' assuming that all differences between individuals within a census
tract are related to income. We can vary this assumption by relating
these individual differences to age instead of income. The results of
this estimation are displayed in Table 6.9. The similarity of these
resu]tﬁ to those presented in Table 5.2 is striking! Despite changing

completely the underlying distributional assumption of individual



Table 6.4
Equation with To1l Excluded:
Predictions for Doubling of Rates -- by State

100% increase

Actual with lower priced 100% increase

Development alternative® a]l;pricesb
AR 89.1 84.3 83.2
(-4.8) (-5.9)
KS 95.3 - 92.7
(-2.6)
MO 95.4 92.0 91.9
(-3.4) (-3.5)
0K 92.7 -- 88.5
(-4.2)
X 91.4 89.5 87.2
(-1.9) (-4.2)
SWBT 92.5 89.8 88.5
(-2.7) (-4.0)

Numbers in parenthesis are repression estimates in basis points.

qneasured serv1ce, where available, is the lower pr1ced alternative
~and its price is unchanged

bboth flat rate and measured rate, where available, are doubled
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Table 6.5
Equation with Toll Excluded:
Predictions for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase

Actual with Tower priced 100% Increase
Development alternative® all pm'cesb
ALL 92.5 89.8 88.5
(-2.7) (-4.0)
RURAL 90.1 85.7 85.4
(-4.4) (-4.7)
URBAN 93.0 90.6 89.1
(-2.4) - (-3.9)
POOR,
RURAL 83.7 77.2 76.9
(-6.5) (-6.8)
POOR, .
URBAN 85.0 80.3 77.6
(-4.7) (-7.4)

Numbers in parenthesis are repression estimates in basis points.
3measured service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled
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Table 6.6
Estimating Equation with
High Toll Elasticity
+ap) - 12

F( oﬁ + 52 qﬁ)% - 611n Te - 63min(1n-nf, ]"'"m

= -a* - gy - b1 RENTER - b2 RURAL - b3 BLACK -

b4 SPANISH - b5 AMINDIAN - b6 IMMOB - b7 AVGAGE - b8 MILAGE -
b9 EMP + b10 LINES + b11 HHSIZE + e
coefficient
variable estimate t-statistic
INCOME (g) .95 19.8
PRICE OF LOCAL MINUTE (a) -7.69 ' --
PRICE OF TOLL MINUTE (1) -3.50 --
PRICE OF ACCESS -1.00 --
RENTER -1.53 -14.5
RURAL -.75 -18.6
BLACK . ~1.02 -11.8
SPANISH -2.32 -22.5
AMINDIAN -7.19 -14.7
IMMOB .47 4.6
AVGAGE .04 8.1
MILAGE -.43 -3.8
EMP 2.61 13.8
- LINES - .40 5.6
HHSIZE 1.07 7.5
Constant (a*) .93 2.8
Nuisance variance (<35) 4.9 -
R? (uncorrected) = .4171
R? (corrected) = .4162
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Table 6.7
High Toll Elasticity Equation:
Predictions for Doubling of Rates -- by State

100% increase

Actual with Tower priced 100% increase
Development alternative? all priceb

AR - 89.1 84.7 83.7

(-4.4) (-5.4)

KS 95.3 -— 93.1
(-2.2)

MO 95.4 92.4 92.3

(-3.0) (-3.1)

0K 92.7 ' -- 88.9

(-3.8)

X : 91.4 89.4 87.4

(-2.0) (-4.0)

SWBT 92.5 89.9 88.8

(-2.6) (-3.7)

" Numbers in parenthesis are repression estimates in basis points.

dneasured service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where avai]ab]e. are doubled
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Table 6.8
High Toll Elasticity Equation:
Predictions for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase

Actual with Tower priced °~  100% Increase
Development alternative® all pm‘cesb
ALL 92.5 89.9 88.8
(-2.6) (-3.7)
RURAL 90.1 86.0 85.7 .
(-4.1) (-4.4)
URBAN 93.0- 90.7 89.5
(-2.3) (-3.5)
POOR,
RURAL 83.7 77.3 . 77.1 .
T (-6.4)  (-6.6)
POOR,
URBAN ) 85.0 . 80.3 77.9
(-4.7) (-7.1)

Numbers in parenthesis are repression estimates in basis points.

4measured service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled
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Table 6.9
Estimating Equation with
Age As Random Variable

5 + 92 oﬁ)& - &lIn T - 63min(1n nf, nw  + ap) - Tz

= -a* - b0 INCOME - b1 RENTER - b2 RURAL - b3 BLACK -

b4 SPANISH - b5 AMINDIAN - b6 IMMOB - © LNAVGAGE -

b8 MILAGE - b9 EMP + b10 LINES + b11 HHSIZE + e

coefficient

variable estimate t-statistic
INCOME .98 19.4
PRICE OF LOCAL MINUTE (a) 7.69 --
PRICE OF TOLL MINUTE (=) -2.50 --
PRICE OF ACCESS ' -1.00 --
RENTER -1.71 -15.7
RURAL -.81 -18.9
BLACK -1.09 -12.0
SPANISH -2.51 -23.1
AMINDIAN -7.47 -14.6
IMMOB .44 . 4.2
LNAVGAGE (e) 1.01 7.8
MILAGE -.45 -3.9
EMP 2.47 13.1
LINES .33 . 4.4
HHSIZE 1.28 : 8.6
Constant (a*) -1.08 -2.0
Nuisance variance ( 03) 4.9 -

R? (uncorrected) = .4232
R® (corrected) .4223
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differences, the coefficients are amazingly similar. The repression
estjmates proviaed in Tables 6.10 and 6.11 are also nearly identical.
In fact, the repression estimate for the SWBT territory when all rates
are doub]ed is identical to our model using income.

Another implicit assumption in moving from equation 5.6 to
equation 5.7 is that the individual differences are related to income
and only income. Thus, in principal at least, we could think of the
individual differences being related to several (or all) demographic
variables of interest. That is to say, we could include the mean and
variance of all the variables in the same way we treated income in the
previous derivations of the model. Practically, however, two very
large problems prevent this generalization. First, an already cumber-
- some estimation technique would become totally unwieldy. ‘Second, and
perhaps more important, is the fact that the normalization in equation
5.9 would include covariance terms that are unobservable in our data
set. To elaborate on these problems, yet still provide some sort of
test ébout the importance of our assumption, we will relate the
individual differences to two variables: income and age. This should
provide some insight into the problem while remaining somewhat
manageable. To begin, we use the following simple demand function:

q = Ae ~ *PyB pge® ¢ Y
Deriving the consumer surplus and going through the steps 6utlined
above in equations 5.2 through 5.22, we arrive at the following

equation



Table 6.10
Equation with Age:
Predictions for Doubling of Rates -- by State

100% increase

Actual with Tower priced 100% increase
Development alternative? all priceb

AR 89.1 84.7 83.7
(-4.4) (-5.4)

KS 95.3 - 93.0
(-2.3)

MO 95.4 92.4 92.5
(-3.0) (-3.1)

OK 92.7 -- 88.9
(-3.8)

TX 91.4 89.5 87.5
(-1.9) (-3.9)

SWBT 92.5 89.9 88.8
(-2.6) (-3.7)

Numbers in parenthesis are repression estimates in basis points.

dmeasured serv1ce, where available, is the lower pr1ced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled
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Table 6.11
Equation with Age:
Predictions for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase
Actual with Tower priced 100% Increase

Development alternative® all pricesb

ALL 92.5 89.9 88.8
(-2.6) (-3.7)
RURAL 90.1 86.1 85.8
('4_-0) ("4-3)
URBAN 93.0 ~90.7 ) 89.5
(-2.3) -~ (-3.5)

POOR,
RURAL 83.7 77.6 77 .4
‘ (-6.1) (-6.3)

POOR,
URBAN 85.0 80.3 78.0
(-4.7) (-7.0)

" Numbers in parenthesis are repression estimates in basis points.

dneasured service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled
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2 2 22

2 ‘
Fj(du + 8 Oyj + 0 UAj + ZBGUij) - 51 ]nﬂfj . (6-1)
-63 m1n(1nwfj, 1nq“j + apj) = - a* - e"Aj
- . + . - X.o t+ €.

qu er Z_b1x1J eJ s

j
where qu is the covariance between income and age and Ha is the mean
of age. The problems are that now there is an additional parameter
that must be arrived at through iteration and A is not observed.
Table 6.12 provides estimates for equation 6.1 under the simple
assumption that the unobserved covariance term is constant across
observqtions.2 .
Once again, perhaps surprisingly, the coefficient estimates are
similar. For example, the income\coefficient changes from .97 to 1.05.
Tables 6.13 and 6.14 display the results of sfmu]ating this model for
a doubling of rates. Once again, the results are comparable to Tables
6.1 and 6.2. However, these repression estimates are uniformly lower.

Nonetheless, it would seem, that this generalization does not

significantly change the results of our model.

6.2 Internal Validation: Prediction

Another internal test of the model involves the use of holdout
samples .or ex post unconditional forecasts.” That is, we estimated the
model over some subset of the data and then compared.model predictions

for the included and excluded data points. We excluded data in the

2.The covariance is set to the covariance between the means of
income and age across the entire sample.



Table 6.12

Estimating Equation 6.1
Income and Age as Random Variables
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Table 6.13
Equation 6.1
Predictions for Doubling of Rates -- by State

100% increase

Actual with Tower priced 100% increase
Development alternative® all pm’ceb

AR 89.1 85.2 84.3
| (-3.9) (-4.8)
KS , 95.3 : - 93.1
(-2.2)
MO 95.4 92.6 92.6
(-2.8) (-2.8)
0K 92.7 - 89.3
(-3.4)
X 91.4 . 89.5 87.9
(-1.9) (-3.5)
SWBT 92.5 90.2 89.2
(-2.3) (-3.3)

-

Numbers in parenthesis are repression estimates in basis points.
a
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled

measured service, where available, is the lower priced alternative
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Table 6.14

Equation 6.1
Predictions for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase

Actual with Tower priced 100% Increase
Development alternative? all pricesb
ALL 92.5 90.2 89.2
(2.3) (-3.3)
RURAL 90.1 86.4 86.2
(-3.7) (-3.9)
URBAN 93.0 90.8 89.8
(-2.2) (-3.2)
POOR,
RURAL 83.7 78.4 78.2
' (-5.3) (-5.5)
POOR,
URBAN 85.0 81.9 79.0
(-4.1) (-6.0)

Numbers in parenthesis are repression estimates in basis points.

4measured service, where available, is the lower priced alternative
and its price is unchanged

bboth flat rate and measured rate, where available, are doubled



following proportions: (1) five percent excluded; (2) twenty-fiye
percent excluded; and (3) fifty percent excluded. The included
samples were drawn without replacement. Thus, for the case of five
percent of the sample being excluded, we estimated twenty models --
one for each sample. With these twenty models we predicted the error
for included observations and excluded observations. These errors
were then averaged over the twenty models. Similarly, we used four
and two models for the 25% and 50% excluded cases, respectively. The
results, which speak for themselves, are présented in Table 6.15.

The last internal test involved using the model to predict or
forecast the effect of actual price increases in Texas. This test or
ex ante conditional forecast was performed for two reasons: (1) check
accuracy of model predictions; and (2) c]arify the concept of
repression ;is-a-vis dropoff. The;model predicts repression or the
reduction of development from what otherwise would have occurred.
Notice that, in general, it is difficult to pinpoint the accuracy of a
repression prediction since we only observe one development level (or
the other). Non-economists, however, attempt to interpret this
repression as drop-off, i.e., multiply the decline in development by
the number of households and interpret this product as the number of
households that disconnect from the telephone system. In our test,
actual data for 1980 will be used as the base case. Using statewide
changes from 1980 to 1985, census tract figures are "adjusted" to
better reflect 1985. Armed with these updated census tract figures,
we will generate a prediction for 1985. While there is no observed

1985 development with which to compare our prediction, we can
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5% excluded
25% excluded
50% excluded

Households

Households with
Telephones

% Development

Residence Access
Lines

AR
KS
MO
0K
X

Average % Error

Table 6.15
Hold-out Sample Test

Average % Error

Included Observations Excluded Observations
2.1 2.1
2.1 2.1
2.2 2.2
Table 6.16
Prediction Test - Texas
1980 1985 Change
3,729,787 4,447,200 19.2%
3,410,165 4,002,480 17.4%
91.4% 90.0% -1.4%
3,553,270 4,120,181 16.0%
Table 6.17
Per1l Comparison
A1l Rates Doubled
Perl Qur Model Difference
-7.0 -5.5 -1.5
-2.1 2.2 ‘ ) 0.1
-2.2 =3.1 0.9
-2.6 -3.9 1.3
-3.3 -4.0 0.7
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calculate the prédicted increase in households with phones by
mu]tipiying the development prediction and the number of households in
1985. We now compare the predicted percentage increase in households
with telephone service to the actual percentage increase in the number
of'résidence access lines served by SWBT in Texas (from company
reports). The results are displayed in Table 6.16. We should note
that over the five-year period there may have been changes, not
explicitly controlled for in the model which would cause development
to increase, e.g., the proliferation of personal computers which makes
telephone service intrinsically more valuable. Thus, as discussed
above the decline in development predicted may not occur. Nonetheless,
for purposes of this example we assume these changes external to the
model are held constant. Notice that while bredicted development
falls 1.4% (1.0% is attributable to price increases) the number of
households with telephones increases. This clarifies to some extent
the distinction between repression and drop-off. Furthermore, we
notice the model predicts a 17.4% increase in households with phones
while the actual number of access lines have increased 16% -- a fairly

accurate prediction over a five-year period.

6.3 External Validition: Prediction

We turn now to external testing or the comparison of our
results with other studieé previously discussed in Chapter Three. We
will concentrate on the comparison of our moael with the SWBT pooled
model and the Perl (1983) study. We restrict our comparison to these

models since the SWBT pooled model covers the same territory and might
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be expected to be similar and the Perl study is considered the
1hdustry standard.

Since the SWBT boo]ed model yields a single estimate of the
elasticity of demand, .04, it can be quickly compared to the model
results presented in Table 6.1. For a doubiing of rates over the
entire SWBT territory, the model predicts a repression estimate of
3.7% or an elasticity of .037. Obviously, this is quite close to the
pooled elasticity. For comparison, the aggregate Perl elasticity for
a 100% price increase is .038.

Many comparisons can be made to the Perl model. For example,
we can compare repression estimates by staté as shown in Table 6.17.
While the estimates vary slightly, all are of similar magnitude.
Furthermore, we could compare repression predictions within consumer
or geographic ‘groups, e.g., the poor. While these comparisons suffer
from the fact that Perl results are nationwide while our results are‘
for SWBT territory only, they will be suggestive of similarities and/or
differences in model predictions. The comparison may be further
weakened by different measures of "poor". A doubling of rates in the
Per1 model produces a 9.1% repression estimate for the poor. Our
model, on the pther hand, estimates a repression figure of 6.9%. More
interesting, perhaps, are the estimates of the number of poor that are
affected, i.e., the percentage of total households that repress or
forego access which in fact are poor. The Perl model estimates that
twenty-seven percent of affected households are poor (poverty
stricken) compared to our estimate of twenty percent. In conclusion,

we find the model to be relatively insensitive to key input
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assumptions. Furthermore, model predictions fall well within the
acceptability range established by previous studies. This concludes

model testing and we turn now to model results.



CHAPTER SEVEN
RESULTS

In this chapter we will provide the model predictions that
will be the basis of the subsequent welfare analysis. These model
predictions provide estimates of thé price responsiveness of access
demand. As such, the discussion will focus around the use of these
estimates within the industry. A somewhat atypical welfare analysis
will then be performed. While its basis is common within the
economics profession, the splitting of costs into three sets is
somewhat unique. In addition to its uniqueness, this analysis pro-
vides insights into potential pricing policies to help mitigate the

costs of declines in development.

7.1 Model Results

Now that the model has been validated, we can use it to
predict the impact of many pricing or policy decisions. We produce
four tables that will display the predicted effects of some of the
most frequently discussed pricing policies. These tables differ from
the results presented in Tables 6.1 and 6.2 in that these are based on
current measured service availability (detailed in Table 7.1). ’In
addition to the choice aQai]abi]ity change, the Arkansas measured
price was changed to 55% of the flat-rate price (from about 35% in
1980) to more accurately reflect the actual choice available to
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customers. Since having a lower priced alternative plays so large a
role in the ultimate repression prediction, we felt updating these
variables produced the best available repression estimates for policy
analysis. A1l results in these tables are derived using the sample
enumeration method as described in Appendix A.

Table 7.1 shows the effects of a doubling in access rates for
flat-rate service only. Additionally, the impact of a doubling of the
measured access rate is also included. For example, doubling all
rates would Tead to a 5.6% decline in'deve1opment in Arkansas while
doubling only the flat-rate would lead to a 2.5% drop in development.

The effects of these pricing policies on specific subscriber
groups (poor, rural, etc.) are of particular interest to regulators,
legislators, and the telephone companies. Table 7.2 shows the impacts
of 100% price increases (as in Table 7.1) for particd]ar subscriber
groups in Southwestern Bell territory. Household repression is pro-
vided in addition to the basis point decrease in development, e.g.,
50,300 rural customers would be expected to forego access if all
prices were doubled. It should be reiterated that, following our
previous discussion on repression, the 50,300 represents an estimate
of repressed households not disconnects.

Table 7.3 presents the results of the model simulation for the
current FCC Access Charge plan. The plan involves a $2 EUCL and
offsetting reduction in the NTS portion of access charges which was
passed on to toll users. This amounts to a 3.6 cent reduction for
interstate toll (state by state declines are detailed in the table).

For example, in SWBT territory the EUCL (with its associated toll
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Table 7.1
Development and Repression
100% Access Price Increases -- By State

100% increase .
Actual with lower priced 100% increase

Development alternative® all pricesb

AR 89.1 86.6 83.5
(-2.5) (-5.6)

KS 95.3 -- 93.1
(-2.2)

MO 95.4 94.6 92.4
(-0.8) (=3.0)

0K 92.7 - ' 88.8
(-3.9)

X 91.4 90.5 87.5
(-0.9) (-3.9)

SWBT 92.5 91.0 88.8
(-1.5) (=3.7)

Numbers 1in parenthesis are repression estimates in basis points.

qneasured service, where available, is the lower priced alternative and
its price is unchanged. The current measured service availability for
the states is: AR: 40.2%, KS: 0; MO: 62.8%; OK: 03 and TX: 72.3%.

bboth flat rate and measured rate, wherg available, are doubled
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Table 7.2
Development and Repression
100% Access Price Increases -- Southwestern Bell Subgroups

100% Increase

Actual with Tower priced 100% Increase
Development alternative® all prices

ALL 92.5 91.0 88.8
(-1.5) (-3.7)
[-107,200] [-264,400]
RURAL 90.1 86.9 85.8
(-3.3) (-4.4)
URBAN 93.0 91.9 89.4
(-1.1) (-3.6)
[-66,000] [-216,100]
POOR, 83.7 78.2 77.2
RURAL (-5.5) (-6.5)
[-7,500] [-8,900]
POOR, 85.0 83.0 77.9
URBAN (-2.0) (-7.1)
[-11,800] - [-42,000]
NOT POOR, 94.9 94.0 92.2
" URBAN (-.9) (-2.7)
[-48,700] [-146,100]

Numbers in parenthesis are repression estimates in basis points.

Numbers in brackets are estimates of number of households effected.

asame definitions as in Table 6.18
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Table 7.3
Effects of "Current" FCC Access Charge Plan®

h By State

Actual $2 EUCL with
Development $2 Increase toll price decreaseb

AR 89.1 87.8 88.2
(-1.3) (-0.9)
KS 95.3 94.9 95.1
(-0.4) (-0.2)
MO 95.4 94.5 94.7
(-0.9) (-0.7)
0K 92.7 91.8 92.0
(-0.9) (-0.7)
TX 91.4 90.3 90.7
(-1.1) (-0.7)
SWBT 92.5 91.5 91.8
(-1.0) (-0.7)

Numbers in parenthesis are repression estimates in basis points.

3$1 EUCLs in June 1985 and 1986.
bUsing the percent of total toll that is interLATA and the 3.6 cent
reduction, we generate the following toll price reductions by state:
AR: 2.2¢; KS: 2.4¢; MO: 2.2¢; OK: 2.0¢; and TX: 3.0¢.
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price reduction) would produce 0.3% less repression (1.0 - 0.7) than a
‘comparable price increase (without a toll offset). This tranlates
into a toll cross e]astic{ty of approximately one half the size of tﬁé
own-price elasticity. To produce predictions for this pricing policy,
an additional assumption is required. In particular, the $2 increase
applies to today's rates which are higher than the rates that existed
in 1980. To compensate for this fact, we apply an additive in 1980
that is equal (on average) in percentage terms to the $2 EUCL today,
i.e., $2 relative to today's average rate multiplied by the average
rate in 1980 yields the price additive used to generate the table.
Alternatively, we could have deflated $2 to 1980 dollars using a
consumer price index. We decided, however, since the prices appeared
in the equation as logarithms that the percentage approach was the
more correct method. )
Furthermore, the model can be used to estimate the impacts of
"targeting the subsidy". Table 7.4 shows the effects of a $1 EUCL .
with and without a Tifeline service, i.e., when all SWBT households on
poverty are excluded from the $1 EUCL repression is reduced by twenty-
five percent (0.4 vs. 0.3). The effect can be seen for different
subscriber groups by comparing columns two and three for any row in
the table. In addition, estimates of local-service revenue are
provided for the total SWBT territory. The derivation for the price
increase to simulate the $1 EUCL is the same as described above.
Here, we wish to isolate the impact of the $1 EUCL from poverty
stricken households. Since we have census tract data instead of

individual data, however, this is not a straightforward exercise. We



TOTAL SUBSCRIBERS

TOTAL LOCAL REYENUE
ALL

RURAL

URBAN

POOR, RURAL

POOR, URBAN

Actual

Predicted

6,608,500

$44.1

92.5

90.1

93.0

83.7

85.0

Table 7.4
Effects of Initial $1 EUCL®
Southwestern Bell Subgroups

$1 EUCL
6,580,200

$50.1
[+12.0]

92.1
(-0.4)

89.7
(-0.4)

92.6
(-0.4)

83.0
(-0.7)

84.1
(-0.9)
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$1 EUCL
Poor exempted

6,587,300

$49.5-50.1
[+10.6-12.1]

92.2
(-0.3)

89.8
(-0.3)

92.7
(-0.3)

83.3
(-0.4)

84.5
(-0.5)

Numbers in parenthesis are repression estimates in basis points.

Numbers in brackets are estimates of the percentage change in Tocal

access revenues.

Subscriber and revenue estimates are for 1980.

AThe initial $1 of FCC Access Charge Plan was instituted June 1, 1985.
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take the price additive as described above and muiitp]y this by the
percentage of households in each census tréct not poverty stricken.
This product is then the price increase for that census tract. For
example, if fifty percent of the households in a given census tract
are poverty stricken, then that tract will have its price increased by
fifty percent of the price additive corresponding to the $1. This
methodology should provide a conservative estimate of the impact of
insulating the poor from the increase, i.e., the difference between
columns two and three is a reasonable lower bound estimate. The
rationale for this estimate being conservative is that the increase in
the average rate in the tract produces more reaction among the poverty
stricken households than the reduction in the average produces among
the remaining households.

The results displayed in Tables 7.1 throggh 7.4 make several
points very clear. Repression, while quite small, is not zero. It
would seem to be in the best interest of the telephone companies to
acknowledge this immediately in any regulatory proceeding. The
universal service question has received tremendous attention.

Consumer groups, the Congress, and regulators are openly concerned
about its preservation. Any attempt by the telephone companies to
seek Tocal increases without addressing the associated impact on
universal service will surely bring an emotional response from at '
least one of these groups. If the filing is not accompanied with the .
telephoné company's estimate of repression and plan to minimize it,

any subsequent response will appear hurried and politically motivated.
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There is also no denying that certéin groups are more
adversely affected (refer to rows 2-4, Table 7.2). For example, the
"poor urban" decline in development is nearly twice that of SWBT as a
whole. 'fhese groups, however, are not as large as the emotional and
political debate would indicate, e.g., from the second column of Table
7.2 we see thét only 51,900 (8,900 + 42,000) of the 264,000 repressed
households are "poor". A lifeline offering could substantially reduce
the impact on these subscriber groups (compare columns 2 and 3 in
Table 7.4). In fact, any lower-priped alférnative tends to reduce re-
pression (compare columns 3 and 4 for Texas and column 4 for Oklahoma
in Table 7.1 - the difference in these columns for Texas is due to
availability of lower-priced alternative). Additional-insight into
this point can be(gained from comparing Tables 7.1 and 6.1. The bnly
difference between these tables, except for the noted measured price
change in Arkansas, is the degree to which measured service is
available. Thus, we can compare the second columns of the tables for
Missouri and Texas to verify that the model will predict that
increased measured availability leads to lower overall repression.
While the differences are small (one-tenth of one percent for each
state), nonetheless the result confirms the intuitive notion that
overall repression will be lTower even when all rates are doubled.

This point is related to underlying choice regarding class-of-service.
For example, if a subscriber has flat-rate service then the doubling
of the flat rate will have an effect of equal or smaller magnitude if
there is alternative to flat (measured service in our case). This

result is theoretically pleasing and in contrast to the Perl (1983)
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results. Additionally, policymakers should find this useful as they
search for rate designs to mitigate the impact of increasing rates on
universal service.

As mentioned above, a lifeline offering will help mitigate the
negative impact of any local access price increase. Table 7.4 makes
this point quite clearly. Perhaps, more interesting, is the prediction
that revenue may be higher. Thus, depending on the marginal cost of
providing the service, the telephone company may also be better off.
Another interesting calculation can be made'using Table 7.4. The
increase in revenue due to the imposition of the $1 EUCL is $6 million
(50.1 - 44.1). The decline in the number of households that would be
expected to subscribe to the network is 28,300 (6,608,500 - 6,580,200).
Thus, the cost to keep these 28,300 households on the network is 6.1
million dollars or $212 per househoid per month.

Up to this point we have concentrated on the impact of price
on development. There are, however, other variables of interest. In
particular, we will consider the impact of income and the number of
Tines in the local calling area. These impacts may be simulated in the
same way price was. For example, we consider a ten percent increase in
income.1 This change yields .39 percentage point increase in develop-
ment or an access elasticity of .039. While this may seem small, we
must recall that over 90% of the households "have telephones and ﬁs such,

their access decision would be unaffected by the increase in income.

1. Since both the mean and variance of income appear in the
equation, care should be taken with analysis of this type. Only small
changes in income should be simulated.
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More interesting from a theoretical point of view, however, is
the impact of the number of lines in the local-calling area. This
elasticity can be interpreted as a measure of the subscriber or
network externality. The externality appears very small at present
4 levels of development and network size, for an increase of 10% in the
number of lines implies only an .035 percentage point increase in
development. Taken at face value, this small subscriber externality
provides Tittle economic justification for access subsidies, especially
at the current high levels. This concludes our presentation of the .

model results.

7.2 Welfare Analysis

Now that we discussed the perceived costs (in terms of
development repression) of an increase in local rates, we cén turn to:
the benefits. We will discuss the benefits associated with & i
representative rate proposal: Tlocal rates are doubled and toll rates
are reduced by one-half. wﬁile this proposal would still leave toll
prices significantly above costs, it provides insight into the effects
of "cost-based" rates. In SWBT territory, approximately 1518 million
minutes of toll with an average price of 28 cents are generated

monthly over 10.7 miliion lines (7.7 million of these are residence).2

Once again to be conservative and consistent with our derived model in

2. Quantity and lines data are from company reports for early
1985. The price is a weighted average of LATA and interLATA ARPMs.
See Weisman (1986) for details.
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Chapter Five, we will use a toll elasticity of .5.3 Figure 1 details
graphically the following analysis. The gain in consumer_we]fahe |
(measured by the area under the toll demand curve and between 28 cents
and 14 cents) for a move from 28¢ to 14¢ is 239.1 million dollars per
month. Of this amount, 212.5 million is direct toll savings. The
additional 26.6 million dollars of increased benefit is welfare gain
due to the increased use of toll services. Assuming a fifty-fifty
split between residence and business originating minutes, approximately
106 million dollars per month would flow directly to residential rate-
payers. This amounts to about $13.75 per residential customer per
month. The direct welfare gain of about 13.3 million dollars accounts
for another $1.73 per month éf direct benefits. Additionally one might
reasonably expect that reduced cdsts-of production (telephone service)
would lead to a reduction in the end product price of firms. The
approximate $15 increase in producer surplus could be expected to make
its way to the residential customers through these reduced prices for
consumer products. Thus, the average residence ratepayer could expect
approximately $15 direct benefits and the possibility of an additional
$15 in indirect benefits. On the other hand, the doubling of rates
would cost the average SWBT ratepayer about $11. The average
ratepayer is $4 better off per month at the new rates than he/she was
at the old rates. The additional indirect benefits are above and

beyond this $4 direct benefit.

3. Using Taylor's "consensus" of .75 for interstate and
internal SWBT estimates of LATA (.40) and intrastate (.53)
elasticities would yield a "best guess" estimate of about .65.
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The costs associated with this rate strategy are related to
 access repression. From Table 7.1, we see that development for SWBT
would fall 3.7% when all local rates are doubied. However, when we
include the effects of the toll price reduction of 50%, the repression
estimate falls to 2.8% or approximately 200,000 customers. Assuming
an average value of $16, this amounts to a welfare loss of 3.2 million
dollars (or the area under the local demand curve and between $11 and
$22).4

As can easily be seen from these calculations the benefits
totally dominate the costs. However, the stumbling block is the re-
duction in telephone development. An additional 200,000 households
without phones is a very difficult sale to regulators. This is true
despite the fact that any change of this magnitude would Tikely be
phased in and accompanied by additional service offerings (lifeline,
expanded LMS, etc.). Each of these would tend to reduce the ultimate
number households affected.

In order to better analyze the development repression and
potential impact on universal service, we will divide the 200,000
households into three sets: (1) those with ability to pay constraints;
(2) those strictly with willingness to pay constraints; and (3) a set
that face either willingness or ability to pay COﬁstraints. The first
set corresponds to our "poor" classification and amounts to about 20%

of the total. The second set is made up of households that earn over

4. We know these customers value serQice between $11 and $22.
We take the half way point for convenience.
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twice the poverty level and accounts for about 40% of the total. The
last set is made up of households that earn between one and two times
poverty level income and accounts for the final 40%.5 While it is
easy to define the dividing lines between these sets in theory, it is
not quite so straightforward in practice. Here, we chose convenient
yet reasonable dividing lines.

To increase the understanding of the discussed rate plan, we
will now describe the impacts on these three sets. The first set or
those with an ability to pay problem is not difficult to deal with.
While politically sensitive, there has a]ready been substantial
attention paid to rate designs (e.g., lifeline) specifically tailored
‘to prevent development reductions for this set. The industry seems
dedicated to preserving telephone development for society's
disadvantaged. Additionally, while from an economist's perspecfive
the subsidy to this set should be externally funded, the numbers are
small enough such that through careful rate design it could possibly
be generated internally if absolutely required.

The second set or those who could easily afford service but
simply decide not to are also easily addressed. These optimizers are
making rational economic choices - in exactly the same way some
individuals choose to drive a Ford even when they could afford a
| Mercedes. In this sense, as policy planners, we could and should

ignore this set in terms of its ultimate impact on universal serivce.

5. The estimate of the size of this third set is from Perl.
The second set is simply the remainder. The first set is estimated by
both our model and the Perl model with very similar results.
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Alternatively, however, if we decide that is important for one reason
‘or another to keep these ‘individuals on the telephone network, then
alternative tariff designs could substantially meet this goal. This
alternative design may include expansion of LMS and afternative LMS
plans, i.e., a continum of access price/usage price offerings.

The third set is the problematic sef. While some sbrt of
lifeline service could be designed, it would be necessary for the
LECs to act as welfare agents. While the subscribers in the first set
have been designated needy by society (through the food stamp program
for example), the would-be subscribers in this set have not been so
labelled. Therefore, for the LECs to institute a lifeline type
program for those needy individuals in this set, it would require the
LECs to screen the needy from the non-needy. This is clearly én
expensive proposition. While alternative tariff designs would also
mitigaté the impact in this set, it would work less well than on the
optimizers since we do not know the mix of optimizers and needy in
this set.

Nonetheless, we have shown that‘of the 200,000 at least
120,000 could be maintained on the network through innovative rate
design. This design involves "targeting" the subsidy for those that
need it and jncreasing the numbers and types of optional tariff plans.
While the number of additional households without phone service may
still seem large, it.is important to note fhat choices fnvo]ve costs.
Indeed, if we do not move to reduce toll rates (through reduced access
charges), competitive forces will cause the subsidy to disappear any-

way. One lesson that should have been learned from the last two decades
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is that there is no such thing as a little competition. The
competitive fringe that now threatens the LECs will certainly expand.
There seems little doubt that the competitive incursion will eventually
drive out all cross-sﬁbsidies. If we proactively move rates toward
costs, however, then we will brovide Tower toll rates to all customers
(not just the largest ones) and preserve network integrity as well.

We view this discussion and the results of Table 7.3 as further
evidence in 1ine with Perl (1983), Bell Communications Research (1984)
and Brock (1984) that a EUCL-type transition plan is preferab]eito
allowing bypass to occur uncheéked.

Finally, we must note at this point that regulators are waryA
of granting large local rate increases to the LECs that are already
performing well-above expectations. This performance is misleading,
however, since its basis is a continuation of the pre-divestitdre
separation of toll revenues to provide the local subsidy. To convince
the regulators otherwise, will require consistent recommendations.
These recommendations must be based on current market information on
bypass, toll and local services, etc. Otherwise, the current trends
will certainly continue. That is to say, we will continue to pay the
costs of divestiture (added complexity, etc.) while the benefits
(Tower toll rates, etc.) will be delayed further into the future

except for the largest customers.



CHAPTER EIGHT
CONCLUSIONS

The focus of this research has been on determining the
residential price elasticity of demand for access to the telephone
network. In particular, we have derived these elasticities of demand
for distinct subscriber groups, e.g., the poor, urban versus rural,
etc. We have approached this issue by determining an appropriate
estimation methodology for a somewhat unique data set. The estimation
methodology was consistently developed from a theory of demand for
access.

The primary contribution of this research has been the
development of these price elasticity of demand estimates from a con-
sistent underlying economic theory. The few existing high quality
empirical studies all lacked theoretic motivation and/or consistency.
This theoretic foundation facilitates model interpretation, use and
critique. For example, the fnterpretation, of the estimated co-
efficients being derived from the underlying usage equations, is new to
studies of this type. While we were primarily interested in access to
the network rather than the form of access (e.g., flat or measured
service), the theoretic structure also provides a simple class-of-
service choice framework. That is, based on the size of the coefficient
on the local usage price, the class-of-service (flat or measured) is
determined for that indiviﬁuaT census tract. While the unavailability
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of any access/choice data set necessarily makes our class-of-service
choice framework somewhat naive, it is a significant improvement over
the handling of service choice in previous access studies.

Many of the other contributions of this research also flow from
the adoption of the underlying economic theory into the empirfca11y
estimated model. In particular, the estimate of the subscriber
externality flows directly from the supporting theory and is the best
available measure. In contrast, as described in Chapter Three, the
Perl (1983) measure is suspect due to the inclusion of the unexplained
density variables. Furthermore, while additional assumptions and an
approximation was required, the measure of the éross elasticity of
access with respect to the toll price is the only available proxy.
This estimate is especially valuable for policy makers since all tran-
sitional plans involve toll prices falling as local prices increase.
The accompanying welfare analysis is also potentially valuable to
policy makers. While previous welfare analyses have concentrated
primarily on increases in aggregate benefité, we have also attempted
to disaggregéte the costs or expected decline in telephone development
into three mutually exclusive sets. Viewing the expected decline in
this way suggests rate design innovations and supporting arguments to
mitigate the political opposition to prospective price changes.

Lastly, our developﬁent of the estimation technique for
aggregate proportion data is unique. While data of fhis type is
atypical, there may well be other examples of similar data where our
technique or one that is similar could be used. Included in this

estimation description is a discussion of a Monte Carlo study to
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assure reasonableness of the computing algorithm and estimation
methodology. Furthermore, a jackknife technique was described to
estimate the standard errors of coefficients on the left-hand-side of
the estimating equation. Within empirical demand studies in general,
and telecommunication studies in particular, these are somewhat novel.
The economic expertise within the industry, however, is far
from perfect. The incredibly political and adversarial nature of rate
cases makes it difficult for studies of this type to be used correctly.
This in turn leads to producing "results" rather than studies (recall
our discussion 9f drop-off studies in Chapter Three). Furthermore, we
assumed away certain critical details in our welfare analysis. In
particular, the marginal cost estimates required to derive optimal
prices are unknown. Only lately, has the industrx become interested in
obtaining measureé of economic costs (hiétorical]y, costs calculated
for regulators were the only interest). For example, despite its many
pro-competitive rulings the FCC continues to use fully distributed cost
studies (FDC) to set rates. Economic research into these costing
issues within the industry has only just begun (Taylor, 1986). Much of
our discussion on mitigating price effects centered on the increased
availability of local measured service (LMS) and lifeline. However,
very little is known about these choice situations. These choices must
be well understood before economically optimal rates can be designed.
As noted in Chapter Three, the Train, McFadden, and Ben-Akiva and
Kling studies have started the learning process in the right direction
with respect to service choice. The selection of lifeline service,

however, has not been studied at all. Research into these costing and



136

choice areas is required before the industry can hope to achieve some

measure of economic efficiency.



APPENDIX A
ESTIMATION AND PREDICTION WITH DISCRETE DATA

In this section we will discuss some technical details of
estimation and prediction using discrete data. We will discuss the
limitations of using least squares and provide a brief description of
maximum Tikelihood estimation. Finally we detail the methods of

predicting aggregate market behavior with discrete choice models.

A.l1 Ordinary Least Squares

To analyze the problems of using ordinary least squares (OLS)
with discrete data, let us begin with the typical assumptions. That
is,

y=X8 +u
where |

y is the dependent variable

X is a matrix of independent variables

B is a vector of parameters to be estimated

u is the stochastic error term.

The OLS estimator of B is

= (xx)" ey,

The estimator is unbiased, consistent, and efficient under certain
general assumptions. These standard assumptions are

(1) E(u) = 0

(2) E(uu') = oI
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(3) X is fixed set of numbers with full rank or if X is
stochastic that it is independent of u.

The first assumption of zero mean is not a problem here. However, the
second assumption of a non-autocorrelated and homoscedastic error term
is important. Notice that in the case of discrete data the dependent
variable is either zero or one. Hence, the error term u must be

u; = -X;8 ify, =0 (A.1)

1-X,8 ify, =1,

where Xi denotes the ith row of the matrix X. Following Dhrymes
(1978), the variance of this error term is defined as
(1 - X;8)% F(X8) + (X;8)2[1 - F(X:8)] - [E(u )12
F(XiB)[l - F(XiB)], (A.2)

where F(.) is the cdf. Thus, we clearly violate the homoscedastic

il

var(ui)

assumption in (2). ‘It has been suggested (Goldberger, 1964), that.
Aitken estimators be used to solve this problem. That is, we simply
estimate equation A.2 with

¥5(1 - ¥45)s
. where y. = X.B and B is the standard OLS estimate. A two-step
weighted least squares approach is used. The first step to get the
OLS estimates of B and the second step to get the ultimate estimates
of B. Note, however; that this approach is dependent on all estimates
of the dependent variable being between zero and one. If any
estimates fall outside this range, however, the twd-step procedure
will fail. The suggestion has been made that one could impose
additional constraints to guarantee that the estimates are between

zero and one. - This suggestion is, however, typically not optimal
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since (Dhrymes, 1978, pp. 333) "...then we no longer deal with simple
techniques; if.we are to engage in more complicated procedures, there
are far better methods than constrained least squares."

Aside from these technical problems is an interpretation or
practical problem that is at least as significant. It is intuitively
appealing and obvious to interpret y as the probability of success
given the observed X. However, we know probabilities must lie between
zero and one. If any predicted value is outside this range we have an
obvious contradiction. Notice that even if all values "in-sample" are
between zero and one, there are other values (possibly of interest)
that will violate the condition "out-of-sample." This possibility
makes it practically impossible to use this model in real world
applications. '

To conclude, while OLS is simple that is its only attribute
with discrete data. While we have presented the discussion under the
assumption that the dependent variable is binary, it makes little
difference if instead, the dependent variable falls in the unit
interval. The costs discussed above significantly outweigﬁ the
benefit of simplicity and hence OLS is not an optimal estimation tool

when using discrete data.

A.2 Maximum Likelihood Estimation

A better analytic tool when dealing with discrete data is
max imum 1ikelihood estimation (MLE). In the general case, MLE is

defined as follows. A sample, XpseeesXys is drawn from a distribution
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with the density function f(x | 6). The parameter o is unknown. The
Tikelihood function, L, is defined as
Lxpseeeax, | 8) = f(x;|e)...f(x [e).
The 8, say 6, that maximizes L(.) for observed XyseesoX, i said to
be the maximum 1ikelihood estimator of 6. The MLE has some powerful
statistical properties:1 '
1. The invariénce property: if-6 is the MLE of 8, then u(e)
is the MLE of u(e);2
2. If the Cramer-Rao Lower Bound is reached by an unbiased
estimator, then the MLE reaches it;
3. For large sample size n, the MLE attains Cramer-Rao Lower
Bound in an asymptotic sense and is asymptotically normal
with mean ©. .
Additionally, the MLE has the very intuitive prqperty of
maximizing the probability of observing what in fact was observed.
However, finding the MLE may be quite difficult in practice - depending
~ of course on the function L. In general we seek the solution to the
following n equations:

aL _
a0,
1

] i = 1,...,“.

The solution of these first-order conditions can be quite cumbersome

1. This 1ist is not meant to be all inclusive. For more
details, see Taylor (1974).

2. This assumes u is a monotonic function in 6, with a
single-valued inverse.
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since they are typically nonlinear. Two procedures are often used to
solve the problem: (1) Newton techniques; and (2) gradient methods.

The Newton techniques are usually used when the second
dérivatives are able to be calculated without too much difficulty and
L is globally concave. The algorithm for a single coefficient -

proceeds as follows:

1. Choose initial estimates for 6 say eo;
2. Linearize the function %% at 90; set this linear

1

approximation equal to zero; the 6" that solves equation

is the new estimate;
3. Continue until oi*l . o! is in some sense small.

The gradient methods differ from the Newton technique in the
use of the matrix of second derivatives or the Hessian. Many gradient
techniques are available (Scales, 1985). Here we briefly mention two
of the more popular types: Modified Newton and variable metric
methods. The Modified Newton techniques use a positive definite
approximation to the Hgssian. "This overcomes one potentially
dibilitating weakness of the Newton method. Variable metric methods,
the newest of the techniques, are designed to converge rapidly but
require large storage. Details on the Hessian approximation in
variable matrix method, differences with other gradient methods, and
clarifying discussion may be found in Scales (1985).

We now turn to the use of MLE techniques with discrete data.’

The problem could be motivated as Taylor (see Chapter 4 equations 4.1

thrdugh 4.6 for a review of this approach) or Perl (see Chapter 3 for
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review) did. These approaches start with consumer surplus (CS) and
assume - e{ther through taste or income - that this €S is related to
an underlying distribution. Assuming some probability distribution
then leads to a 1ikelihood function which will then be maximized to
yield coefficient estimates. Alternatively, one could use the
random utility model pioneered by McFadden.3 In either case, we
could write the 1ikelihood functions.in general terms as follows

J

. Yin
L (Sample | o) = p (i Ixs0) " p(x),

n

= =2
—
ne=3

i=1

where
L denotes the likelihood of observing the sample given 6, the
unknown parameter vector.
p(in |xn, 8) is the conditional probability of choosing
alternative i, given 6 and Xqo 3 vector of alternative and/
or individual attributes

¥, o= 1 if individual n chooses alternative i for all i
0 otherwise

p(xn) is the marginal probability of observing x
N is the number of individuals (or sample size)

Jn is the choice set faced by individual n.

For computational convenience, we take logs of the Tikelihood function
yielding
- n

Tog L =
1

N
Y. logp (i, | x,»08) + £ logp (x).
n in n n nel n

M2
Nl &

1 i

3. See Train (1986) and McFadden (1986) for discussion.
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For random samples or exogenously stratified samples, the second term
does not depend on 6 and hence disappears. We now have

n

. ifl . Tog p(i, [x . 8).

&3 =

log L =

n
At this point, specification of p(.) will lead to a specific
1ikelihood function that can than be maximized to yield parameter
estimates. The typical specifications of p(.) as logistic, normal, or
uniform leads to the logit, probit, and lineér probability choice

models.

A.3 Predicting with Discrete Choice Models

In this section we will discuss the prediction problem as
generally encountered with discrete choice models. With this as a
backdrop, we will proceed to discuss the added difficulties presented
by our use of census tract or aggregated data.

Generally we are concerned with aggregate or market demand,
e.g., what proportion of households have telephones. Discrete choice
techniques, however, primarily focus on the individual, i.e., what is
the probability that some individual will have phone service.
Obviously, we need a mechanism that provides the necessary maéket
information from our sample of individual behavior.

Five different methodologies have been used to arrive at
agéregate predictions:

1. Average individual;

2. Classification;
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3. Statistical differentials;
4. Explicit intégration;
5. Sample enumeration.
Before diséussing these methods, we denote wi as the proportion of the

population that selects alternative i and it is defined as follows:

W; = fp(ilx)p(x) dx,
X

where
p(i|x) s the probability of choosing alternative i given
characteristics x

p(x) is the marginal density of x.

The problem may be viewed as attempting to estimate wi in the "best"
way. We turn now to discussion of the five frequently used methods
Tisted above. Ben-Akiva and Lerman (1985) provide additional
discussion on the methods for prediction described here.

The average individual is very easy to understand. Define a
"representative" individual that has the average characteristics.
Evaluaté the probability for this "representative" inqividual. - That is,
calculate p(i]X) and use this probability for the average individual
as the average for the population. The problem with this procedure is
that almost all of these discrete models are nonlinear and hence the
expectation of the function is not equal to the function of the
expectation. Figure 2 should provide visual c]arifiﬁation for a
problem of this type.

Classification may be viewed as a simple but logical extension

of the average individual approach. Since the average individual
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(ilx)

plilx,)

p(ilx) -
W -

p(ilx)) -

Figure 2: Error Associated with "Average Individual" Prediction
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method's accuracy is negatively related with the variance of the
characteristics (x), we can improve the approach by classifying the
pepulation into disjoint, homogenous subgroups. Then we need only to
apply the average individual methodology to each subgroup. These
subgroup predictions could then be weighted by class sizes to generate
a market or population prediction. However, classifying individuals
into homogenous subgrc vs may be a formidable task. Furthermore,
those homogenous subgroups that provide accurate forecasts may not be
the subgroups of interest with respect to policy analysis. In
addition, the class sizes may well be unknown and thus cause the
researcher yet another estimation problem.

Using the equation for wi, one could expand p(i|x) using a
second-order Taylor's series around X. This procedure known as
statistical differentials yields a "correction" to the average
individual forecast or predictioh. However, this method is not
necessarily more accurate than the average individual forecast. To
improve accuracy many higher-order terms and moments of p(x) may be
required. Unfortunately, these items may be incredibly difficult to
forecast and/or calculate.

The fourth scheme involves approximating p(x) with some
distribut%on and then explicitly or Hirectly integrating to derive
wi. Obviously, this approach could beéome mathematically quite
cumbersome.
| The_fiftﬁ and final approach is sample enumeration. This.

approéch is quite intuitive. We simply calculate the probability of
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selecting alternative i for each (randomly selected) individual apd
average these probabilities. That is, the equation becomes

W. =

; p(ilxn).

= |-
M=

n=1

This estimator of wi is consistent assuming the underlying coefficient
estimates are consistent. This method is easily adaptable to specific
problems or concerns and non-random sampling situations. For example,
it is quite straight forward to produce forecasts for specific
subgroups.

While none of these approaches clearly dominates the others,
most applications have used classification or sample enumeration.
Sample enumeration is. the most flexible in analyzing the impacts of
Vvarious policies on different subgroups of the population. Since we
are interested in exactly this type of analysis, we will use sample
enumeration for our forecasts of state and subgroup development rates.

Since our predicted probabilities for telephone access are for
census tracts rather than individuals and population varies by tract,

these probability estimates need to be weighted to generate a market

forecast. Hence, the formula for wi becomes

Ni =

=2 |+

N H o
Zl . p(i]x,) s : (c.1)
n=

where
Hn is the number of households in census tract n
H is the total number of households

N is the number of census tracts.
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AT predictions in the text are calculated using this sample
enumeration procedure. For example, to estimate the repression
associated with a doubling of rates the following procedure is
employed. Fifét we estimate predicted development rates for each
census tract. Using equation C.1 we calculate a base case development
level. A1 rates afe then doubled. We then simulate new predicted
development rates for each census tract at the new prices. Once again
using equation C.1, we estimate an aggregate development level. The
difference between the base case and new development levels is then

the estimate of rebression.



APPENDIX B
TECHNICAL NOTES ON ESTIMATION

In this section we will discuss the technical details of the
computing algorithm used to estimate the coefficients of the model
described in Chapter Five. Additionally, we will provide fairly
detailed descriptions of the methodologies used in the Monte Carlo

study and the jackknife technique referred to in the text.

B.1 Computing Algorithm

To estimate an equation of the type displayed in Table 5.1 in
Chapter Five, our computing algorithm works as follows. The user
supplies initial values for the unknown cﬁefficients to be used on the
left-hand-side of the equation (<,5, B, and a« ). Given these values
the left-hand-side is calculated using equation 5.27. An ordinary
least squares (OLS) regression is then performed on the equation,
which is of the type presented in 5.26. Rearranging the equation by
adding the price terms to the right-hand-side and then multiplying by
the SQRT((Jﬁ + 820§) term yields an estimate of F, say FHAT. The
correlation between F and FHAT is now calculated. This correlation
between the actual and predicted probits or z-scores is then the
objective function to be maximized.

Our lack of knowledge of relevant range of oﬁ and observed
flatness of the objective function led to the choice of a modified
binary search routine. For example, the sequence of coefficients,
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given a initial value of one and assuming that the objective function
continues to increase, would be 1, 1.9, 2.8, 11.8, 101.8, etc. If the
value of the objective function at 1.9 exceeded its values at 1 and 2.8,
however, then the procedure checks values on each side of 1.9. Unlike

a typical binary search that would split these iﬁterva]s in half, i.e.,
evaluate the objective function at 1.45 and 2.35, our modified method
selects these intermediate points based on objective function values.
This selection is weighted by the value of the objective function, e.g.,
the larger the difference between objective functions values evaluated
at two points, the closer the new evaluation point is to previous point
with the higher objective function value. This modification leads to

a faster solution. The procedure continues until the percent change

in the coefficient is less than some prespecified tolerance, typically

one half of one percent.

This procedure is used to estimate both 05 and o. Since a

appears only in the minimum function on the left-hand-side, additional
estimation problems must be addressed. Note that once o obtains some

value, say a X? that it has no effect on the objective function,

ma

i.e., 1n1rf is always less than 1n1rm + . Furthermore, in our

a
maxp

data set the value of the objective function at o (and beyond)

max
tended to be very close to the objective function value at the optimal

o . The sequence used in the search routine noted above then could

easily "jump over" o . Since the objective function is non-

max

decreasing for all a greater than «a ax the sequence would just

m
continue until the maximum iteration Timit was reached. To circumvent

this problem a Timit on step size could be employed. The sequence
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could be restricted to a given maximum step size, e.g., 1, 1.5, 2,
2.5, etc. Thus, the "jumping over" problem could be e]iminated_during'
estimation. While this step size limiting increased the number of
necessary iterations it was required for most regression runs.

The estimation of B presented new problems since it appeared on

both sides of the equation. One could have brought 8 to the left-hand-

2

u and «. However, a

side and proceeded in the same way as with o
direct convergent routine was selected. Given the initial value of 8,
say 80, the OLS regression provides new estimate, say Bq- Now, plug

B4 into the left-hand-side of the equation using equation 5.27, and re-
estimate the OLS regression to get another estimate 82. Continue this
procedure until the percentage difference between the new estimate Bi+1
and the old estimate Bi is less than some prespecified tolerance. This
procedure required fewer iterations to conVerge and did not require

calculation of the objective function. Hence, it was much more

efficient in terms of required computing resources.

B.2 Jackknife Technique

The estimation methodology created other problems as well. In
addition to the problems associated with the estimation of 05, a, and
8, we needed a mechanism to test the statistical significance of these
parameter estimates. To estimaté these standard errors associated
with those parameter estimates, we used a jackknife technique.

Primarily used by statisticians, the jackknife technique is a
nonparametric method for estimating the bias and/or variance of some

statistic of interest. The technique involves selecting g subsamples
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of size h from the total sample (of size n). Using estimators based

th group of size h has been

on a sample size of (g-1)h where the i
removed, the jackknife can be used to estimate the variance of a
statistic or reduce the bias of a statistic (see Miller (1974), pp. 1
for an example of the latter use of the jackknife). Typically, the
jackknife is employed by using g=n.and h=1, i.e., n samples of size
n-1. While this typical case is "probably the best form of the
jackknife to use in any problem "(Miller, 1974, bp.z), it may well be
computatibna]]y infeasable with large data sets.

The jackknife has been used with Tinear regressions. In
particular, it may be used to learn about the sampling distribution of
the coefficient estimates (Efron, 1977). Simply stated, we remove a
row at a time from the X matrix and estimate the model on this reduced
data set.

As pointed out above the typical jackknife methodology involves
selecting n random samples of size (n-1) and estimating the model co-
efficients for each data set of size (n-1). Then, with these n
estfmates of the model coefficients, a variance can be calculated.
With 8423 observations and a highly non-Tlinear estimation methodology
producing average computing costs of $480 per subsample, this typical
jackknife at a cost of 3.8 million dollars was simply computationally
and monetarily impractical. Instead, twenty samples excluding five
percent of the total sample were used. The model shown in Table 5.1
was estimated for each of the twenty samples. From these twenty sets
of coefficient estimates variances were calculated in the usual

fashion,i.e., I ( B - §)z/n. The standard deviation or the square
i
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root of these variances was used to divide the coefficients and obtain

, t-statistics. Table B.1 presents‘the results of the technique. It is
interesting to note that with exception of o the mean estimates from
the jackknife are equal to our coefficient estimates presented in

Table 5.2.

B.3 Monte Carlo Study

Monte Carlo experiments were conducted to test the
feasibility of the estimation algorithm just described. The model-
tested was very similar to estimating equation in Table 5.1 except
the independent variables MILAGE, LINES, HHSIZE, and the toll price
were not included. The first stage of the Monte Carlo study was for
10 sets of coefficients. The coefficient range was chosen to be well
outside the coefficient estimates we had observed in preliminary
analysis. For example, the income coefficient (B) was varied from .4
to 1.25 while all early estimates were between .9 and 1.05. The F's
were generated with the following equation:

z .
. -a* - By - § by X+ Ing o+ mjn(1n1rf, 1n1rm + ap) ‘e
3

2 . 2 2%
(o, *+ 8 cy)

where the e are randomly drawn observations from a standard (unit)
normal distribution.

The error term (e) is calculated using the following
procedure. Using a linear congfuentia] method (Prime Subroutines
Reference Guide), a random number is generated from an input seed.
The input seed is the time of day in centiseconds. ~ Using two such

randomly generated numbers, the following equations from Fishman




154

Table B.1
Jackknife Results

Range of Mean of Variance of
estimates estimates estimate
Coefficient from jackknife from jackknife from jackknife
o 8,95 to 5.2 5.1 .003
B .95 to .99 .97 .0002
a ~6.81 to -8.56 . -7.19 .27
EMP 2.58 to 2.80 2.66 .003
RENTER -1.52 to -1.61 1.56 . .0008
RURAL -.75 to -.78 77 .00007
BLACK  -1.01 to -1.11 1.05 .0006
SPANISH -2.38 to -2.50 2.42 .0007
AMINDIAN -7.06 to -7.55 7.27 .015
IMMOB .44 to .55 .50 .0012
AVGAGE .0343 to .0416 .04 .000003
MILAGE -.38 to -.48 -.43 . .0009
LINES .31 to .42 .39 .0005

HHSIZE .99 to 1.15 1.10 .0019
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(1973) are used to generate two independent variates that are
distributed normally:
X3
X

2 3
u+ (-20° log UJ.) cos 2"“j+1

2 3 . '
where
Xj, Xj+1 are the returned normal variates

Table B.2 shows the average percent error for each coefficient

are the input random variables.

estimate over the 10 experiments. Each experiment was conducted with a
sample size of 500. 100 realizations per experiment were performed.

The purpose of this initial procedure was to insure that, given
a fairly wide range of coefficient values, the estimation methodology
yielded "reasonable" estimates. '

The second stage of the Monte Carlo study used a single set of
coefficients; The coefficients were selected to be "near" the estimates
obtained during preliminary analysis on the entire data set. The F's

were generated in the same way, i.e., using the following equation:

I .
. -a* - Bu- by x, +1nnf+smnﬂnwf,lnnm+ap) ‘e
2 2 2,1
. ( oy + B ay) '
Now, however, we will draw e from a N(0, .25) in addition to a N(0,1).

These normal variates were derived in the same manner as described
previously. The N(0O, .25) was chosen to yield R?s similar to those
observed using the actual data. Henée, the N(0,1) experiments could be
viewed a "fat-tailed" experiments. Table B.3 displays the results for

the N(0,1) experiments. Table B.4 displays the results for the



Variable

iy

u

EMP
RENTER
RURAL
BLACK
SPANISH
AMINDIAN
IMMOB

AVGAGE

a

A TABLE B.2
First Stage Monte Carlo

Range of Actual
Coefficients

3.0 to 6.0

.25

.25

1.25

2.0

.01

to

to

to

to

to

to

to

to

to

to

1.25
12.5°
1.5

2.18

.07

sign of actual coefficients is negative.
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Mean % Error

7.8%

3.5%

0.7%

10.5%

2.6%

6.3%

3.1%

0.3%

4.7%

1.0%

6.2%



TABLE B.3

Second Stage Monte Carlo

N(0,1)

Mean .
Predicted Value
n = 500

Actual
Variable Value
oZ 4.5
B 1.05
a 6.0
EMP -2.25
RENTER .80
RURAL .75
BLACK .75
SPANISH. 1.50
AMINDIAN 4.00
IMMOB -1.00
AVGAGE -.04

3.94
(1.08)

1.02
(.14)

6.88
(18.0)

-1.98
(1.73)

71
(.39)

.69
(.07)

.66
.25)

+38
.27)

.84
.87)

o w o~ —

-.99
(.43)

-.04
(.00048)

Mean

Predicted Value
‘n = 1000

3.95
(.57)

1.00
(.07)

6.76
(13.1)

-2.02
(.83)

.72
(.18)

J1
(.04)

.69
(.15)

1.42
(.13)

3.81

(2.48)

-.97

.(.22)

-.04

(.00024)

. Numbers in parenthesis indicate variance of estimate.
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Actual
Variable Value
o 4.5
8 1.05
a 6.0
EMP -2.25
RENTER .80
RURAL . .75
BLACK J5
SPANISH 1.50
AMINDIAN 4.00
IMMOB -1.00
AVGAGE -.04

TABLE B.4

Second Stage Monte Carlo

N(0,.25)

Mean
Predicted Value
n = 500

Mean
Predicted Value
n = 1000

3.90
(.26)

.98
(.031)

6.63
(8.39)

-2.06
(.44)

.73
(.09)

.70
(.016)

.69
(.067)

1.42
(.065)

3.72
(1.22)

-.93
(.11)

—004
(.00014)

3.94
(.14)

.99
(.017)

6.45
(3.70)

-2.08
(.21)

.73
(.05)

.71
(.009)

.70
(.034)

1.42
(.032)

3.75
(.62)

-.93
(.05)

-.04
(.00007)

Numbers in parenthesis indicate variance of estimate.
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N(0,.25) experiﬁents. The second stage of- the Monte Carlo study was
specifically undertaken to observe the behavior of the estimatof as
the sample size was increased and as the variance of error term
changed. As can be seen fromuana1yzing Table B.3, the coefficient
estimates appear mildly biased with the bias ranging frdm about 1-12%
depending on coefficient. For examb]e, the bias in the income
coefficient is approximately 2.8%. The bias is affected only slightly
by increases in sample size but appears to decline moderately for most
coefficient estimates. The variance of the estimates, as one might
expect, falls by about one-half as the sample size doubles. The same
general conclusions can be observed in Table B.4. However, the
reduction in bias as sample ‘'size increases is more readily observed
here. It is also interestin§ to note that while the variances are
much smaller in the N(0,.25) case, the mean estimates are virtually
unchanged. This seems to suggest that the fatness of the tails of the
error distribution have little degrading impact on the estimation
methodology. We are still assuming, however, the error distribution
is symmetric.

The third and final stage of the Monte Carlo study used the
same set of actual coefficients as did the second stage of the Monte
Carlo study. ‘Actual' and predicted development and repression rates
were obtained for 100 realizations. This involves solving the model
for all one thousaﬁd census tracts for the ‘'actual' coefficients and
the one hundred sets of coefficient estimates. Using sample
enumeration as described in Appendix A, we derive an ‘actual’' base -

case development level and one hundred base case predicted development
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levels. We then change the appropriate prices and simulate the models
'again. At this point we have 'actual' and predicted development
estimates at the new prices. The results of this process are displayed
in the table below. The first row displays 'actual' development and
repression rates. The second row provides predicted development and
repression rates using average coefficient estimates. The third row
displays predicted development and repression rates obtained by
averaging the predicted development levels over the 100 realizations.
As can be seen, the models predictions are quite close to the 'actual’
figures. It is interesting to note that even where the model over-
predicts (the second row) development, it also overpredicts repression.
This result is somewhat surprising, but satisfying, since logit and
probit models that overpredict development generally underpredict the

responsiveness to changes in exogenous variables.

Table B.5
Third Stage Monte Carlo
Repression and Development Predictions

Double Flat &

Current Double Flat Rate Measured Rate
actua} 91.4 87.6 (-3.8) 86.3 (-5.1)
predicted® 91.8 . 87.9 (-3.9) 86.6 (-5.3).
predicted” 91.3 ©87.2 (-4.1) 85.9 (-5.4)

3coefficients averaged.

bpredicted values averaged.
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The Monte Carlo results suggest that the estimation technique
provides reasonable coefficient estimates. The existence of the small
bias and the apparent siow rate at which it disappears concerns us
econometrically. However, development and repression estimates are
the important items for telephone company and industry policy. The
accuracy of these estimates - suggested both by the Monte Carlo
studies and comparison with our éurrent state of knowledge - should,
nonetheless, make the study quite useful for planning and policy

analysis.



APPENDIX C
LINEAR PROBABILITY MODEL

This section describes the original linear probability model
or OLS specification. Table C.1 displays the regression specified and
coefficient estimates. The results of these runs were originally
supplied to the FCC (Southwestern Bell Supplemental Filing to FCC
Dockets 78-72, Phase 1 and 80-236). A1l coefficients have the
theoretically correct sign and are statistically significant. As
noted in the discussion of our modelling efforts in Chapter Five, the
size of the poverty coefficient was surprising. This was one of the
key clues that eventually led us to the technique ultimately used. In
addition to the estimation problems some of the predictions from the
OLS model were also not satisfying. Repression estimates are provided
in Tables C.2 and C.3 to help clarify this point. These tables are
directly comparable to Tables 6.1 and 6.2. While the pattern of these
estimates is quite different and counterintuitive by state, the
aggregate SWBT repression estimate is identical (3.7 percent). In
contrast, however, an important observation is the different impact of
the price structure on certain subscriber groups (Eompare "POOR,
RURAL“ to "POOR, URBAN"). These results are somewhat suspect since
they seem to suggest that Tower-priced alternatives need not reduce
repression. This result is primarily due to the fact that both flat
and measured prices affect the development in choice areas. This
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pricing structure, at least in linear models, produces unreasonable
results. It is interesting to note that this is the same price
structure which leads Perl (1983) to the inconsistent results

discussed previously in Chapter Three.



Development =
bg
by
b
where

13

- Original OLS Specification

171 °f

RURAL + b6

SPANISH + b10 AMINDIAN + b11 RENTER + b12 AVGAGE +

IMMOB + b

MEDINC + b7 POVERTY + b8 BLACK +

14

TABLE C.1

a+b,.8 ©w.+b, 6, T+ b3 63 ﬂm

2 3 °f

EMP + b15 MILAGE + b16 LINES + e

+ b4 63 +

MEDINC is the log of median household income
POVERTY is the % of households that are poverty stricken

all other variables defined as in Table 5.1

Variable

Glﬂf
63nf
S.7

3'm

83

RURAL
MEDINC
POVERTY
BLACK
SPANISH
AMINDIAN
RENTER
AVGAGE
IMMOB
EMP
MILAGE
LINES
CONSTANT

(a)

Coefficient

-.00280
~.00292
-.01011
.04462
-.03873
.03379
-.15316
-.03275
-.10645
-.16746
-.09760
.00086
.02543
.10637

-.02228

.00001
.81631

R2 (uncorrected) = .467
R? (corrected) = .466

-3.9

1
=)}
. e e & e e s e« e s e e s
N W O 2 O N WO N WY NN
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Table C.2
OLS Equation
Predictions for Doubling of Rates -- by State

100% increase

Actual with Tower priced 100% increase

Development alternative® all gricesb
AR 89.1 86.6 85.8
(-2.5) (-3.3)
KS 95.3 - 93.6
(-1.7)
MO 95.4 93.2 93.1
(-2.2) (-2.3)
0K 92.7 - 91.0
(-1.7)
TX 91.4 89.5 86.3
(-1.9) (-5.1)
SWBT 92.5 90.6 88.8
(-1.9) (-3.7)

Numbers in parenthesis are repression estimates in basis points.

& measured service, where available, is the lower priced alternative and
its price is unchanged

b both flat rate and measured rate, where available, are doubled
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Table C.3
OLS Equation .
Prediction for Doubling of Rates -- Southwestern Bell Subgroups

100% Increase

Actual with lower priced 100% Increase
Development alternative® all pricesb
ALL 92.5. 90.6 88.8
(-1.9) (-3.7)
RURAL . 90.1 88.4 88.0
(-1.7) - (=2.1)
URBAN 93.0 91.0 88.9
(-2.0) (-4.1)
POOR,
RURAL 83.7 82.1 81.9
(-1.6) (-1.8)
POOR,
URBAN 85.0 83.0 81.2
(-2.0) (-3.8)

Numbers in parenthesis are repression estimates in basis points.
a . . . ' . .

measured service, where available, is the lower priced alternative and
its price is unchanged :

b both flat rate and measured rate, where available, are doubled



APPENDIX D
RESIDENCE BASIC EXCHANGE MODEL

This section provides an attachment that describes the SWBT
pooled model discussed in Chapter Three. This attachment is an update
(reflecting a model update extending the model through 1983) of the
documentation filed in SWBT rate cases. For example, see the
attachments in Egan's 1983 Missouri testimony. The document briefly
describes the estimation methodology, the data used, and provides all

coefficient est}mates with t-statistics.
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SOUTHWESTERN BELL RESIDENCE BASIC LOCAL
EXCHANGE SERVICE DEMAND MODEL

Presented below are the results of ongoing research of the
demand for residence basic local exchange service in the five
Southwestern states-Arkansas, Kansas, Missouri, Oklahoma and Texas.
The model specification includes the effects of the monthly recurring
and nonrecurring price§ of residence basic service, the rate of
ihf1ation, real per capita income, market size and seasonality. The
specification recognizes the importance of hdbit persistence on the
demand for residence basic service by incorporating dynamic lagged
effects of the key explanatory variables. Specifically the Almon
polynomial distributed lag technique is used to introducé dynamics.
The model is estimated with pooled cross-sectional time-series data
for the Tive Southwestern states over the period from first quarter
1972 through fourth quarter 1983.

The Southwestern Bell Residence Basic Exchange Service Demand
Model is presented below. The model is linear in the logarithms of

the variables and the specification is as follows:

11

P
* by (InY), , + N+

Pepr

PR 4 d In

c, In
K
Pep1

5
n Qg = L

5
L a.D.
= k=0

ji=1 !
-k
3

fIn N+ R

i=1 9131 * &

where
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QTEL = Total residence main telephones in service

D = State-specific intercept variables

Y = Real per capita nonfarm personal income

P = Price index of residence basic local
exchange service recurring monthly charge

PN = Price index of residence'basic'loca] exchange

service minimum nonrecurring charge

PCPI = Consumer price index
N = Population
S = Qua]%tative seasonal variables
e = Stochastic error term.

The coefficients'a, b, ¢, d, f, and g are the unknown
parameters to be empirically estimated. The optimal lag structure
utilizes second-degree polynomials with lags of 6 quarters on
recurring price and 12 quarters on income. In each case, the effect
of the furthermost lag on the demand for residence basic local service
is assumed to be zero.

" The following table presents the estimation results of the
preferred specification. The resultant elasticity estimates are all
statistically significant and all have the theoretically correct sign.
The long-run recurring price elasticity is -.039, the noncurring price
elasticity is -.0036, and the long-run income elasticfty is .62. The
‘resultant elasticities are the best unbiased estimates available and

appear directly beneath their respective variable names.



Table D.1
Southwestern Bell Residence Basic Exchange

Service Demand Model

Long-run Elasticities:

n ¥ m PR
Pep1

.62P -.039¢

(18.4) (5.0)

Seasonal Coefficients:

s1 S2

.003 -.008

(9.6) (23.0)

Summary Statistics '
RZ = .999 D.W. = 1.42

Individual Quarterly Elasticities:

b b b b b

0 1 2 3

4

.095 .087 .079 .071 .063 0
(8.7) (11.4) (15.2) (18.7) (17.3) (13.1) (9.9) (7.8) (6.3) (5.3)

In

-
=

CPI

-.0036
(2.7)

S3
.003
(9.2)

S.E. =0.811

b b

6

.047 .039

Tn N

.92
(19.6)

bg-

.032 .024

bio P11 o ¢ C3 Cq Cs
.016 .008 -.0072 -.0080 -.0072 -.0056 -.0032
(4.6) (4.0) (2.3) (4.6) (3.5) (2.9) (2.5)
Autocorrelation 9
Intercept Coefficient R™

Arkansas 7.56 (30.5) .969 .992
Kansas 7.67 (30.0) .929 .998
Missouri 7.71 (31.9) .966 .985
OkTlahoma 7.79 (31.3) .999 .999
Texas 7.72 (34.3) .920 .998

Note: Numbers in parentheses are absolute values of t statistics.

The model is corrected for autocorrelation within states,
heteroskedascity between states, and mutual correlation
between states. The model is estimated using generalized

least squares (GLS).
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QrEL

Pepr

N
s1, sz, S3

DATA DESCRIPTION AND SOURCES

Quantity of residence main telephones in service,

~including Tines terminating in customer-provided

equipment, from Company report Monthly Report #7.
Laspeyres price index for residence basic exchange
service recurring monthly charge. Documentation
available upon request.

Price index for residence basic exchange service
minimum nonrecurring charge. Documentation available
on request.

Consumer price index, from the U.S. Department of
Labor. Regional price index data are available by
selected SMSA's and by major geographical areas.
Whenever possible the regional deflators were used.
Real nonfarm personal income per capita. The personal
income data are from the U.S. Department of Commerce.
The regional CPI data used for deflators are from the
Department of Commerce, and the population data are

from the U.S. Bureau of the Census.

Total resident population, from the U.S. Census Bureau.

Qualitative binary (0/1) variables to account for
seasonality. S1 is assigned a value of unity in the
first quarter of each year and zero elsewhere; S2 and

S3 are defined similarly.
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