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Part 1 INTRODUCTTON

The research presented~in this report reflects two goals.
The first isito provide an econpmetric model of Bell‘Canada which
can be used to study characteristics ofvdemand and thg underlying
productionprOCESs.-TheAsecond_goal is to use the eConometrié modelQ
in a social welfare framework in order to address policy questidns

related to the (socially) optimal pricing of telecommunications

services supplied by'Bell. Research in these directions has been

underway at the IAER for several years. ' This report includes
many of the cohtribUtions of the previous repprts.

The need to.develop a framework in order to ascertain what .
are "equitable and efficienf“ prices is one of‘the Outcomes of a
Federal—Prévincial cohference‘of communicétié# Ministers, Oct. 16~

17th, 1979. This working group reached a cohéenéus_of policy

objectives which must be satisfied in order that the public‘interest

be served. One of the policy objectives'stated that:

Developing and maintaining an efficient telecommunications
infrastructure which can provide universal access to a. broad
range of telecommunications services at economic and eguitable
rates is a fundamental goal of public policy.

The report has the following structure.

In Part 2 we examine four background studies undertaken at

the beginning of the project with the goals of summarizing past

«

‘research and clarifying‘the directions to be  taken in this project.

In Part 3, the results of the Interim Report of this project are

summarized; Parts 2 and 3 thereby provide a complete description

of the foundation on which this finél report rests.

In Part 4, the IAER cost and demand models are specified.

The cost model uses a translog: function to approximate a two-
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output thrée—iﬁpuﬁ pfoduction process. - The demand modéls
include aggregate and disaggregated servioe (output) eqoations
for business and residential users.

In;Part:S}.the rosults of estimatingoﬁhe costoand demand
‘models are preSeoted. ~This pért inclﬁdés'a discussion of the
parameter estimate of the models as well as the deduced character-
istics of the underlying production technology. |

In Part 6,  the accuracy of the models is Verified by simul-
atioﬁ of the estimated equations over the éample period and - |
subsequent statistical comparisons of the simulatea ahd historic
series for the endogenous variables.

In Part 7, characte:istics of efficient and equitable télef
commonication pricés are derived from a formal model of.social\
welfare maximization. This model -incorporates thé;contribution
of Ramsey and Feldstein. |

In Part 8, the modei of Part 7 is simulated under assumption.
relating to the relative_importance of_efficiency‘and‘equity.

The simulated results are compared_to.historic values and the
differences are discussed.

The conclusioos-of the report are-présented in Part 9. Given
the limitations of the methodology it still appears reasonable to
conclude that there would be a welfaré gain associated_with small
increases in local residential prices and much .larger reduction in
residential message toll prices. All of the results incorporate
a minimﬁm'(historic) profit constraint on the“oporations of Bell

Canada,




Part 2 BACKGROUND STUDIES

In thlS sectlon we report on four background studles which.
were undertaken at the beginning of this project with: the goals
of summarizing past research and clarifying the empirical di-
rectione to be taken during this project. In these previous
works we had:simultaneously examined multi-input multi-output cost
and production models of the Bell Canada production process. As
well, one of the guiding assumétions hed been thatethe~reguletory
process had had its principal effect through eetting'the'pfice of
local services and that the rate of return constraint faced by
Bell was of secondary importanee; The backgroﬁnd studies sum-
marized here led to:the conclusion that continued research effort
should not be directed towards estiﬁation of multi-output pro—: .
duction functions. As well, conSLderable support was  generated
for the assumption that rate of return regulation was not blndlng.

The dlscuSSLOnlof.the‘background.work is presented in the
following two sections. The major findings and inter-relationships

of the studies are summarized. -The actual background studies

‘were prev1ously supplied to the Department of Communlcatlons and

are therefore not lncluded in the final report. Addltlonal copies

of these studies are available on request.

i STUDTIES" RELATED ”O THEE USE OF COST  AND PRODUCTION FUNCTIONS
IN THE STUDY OF TECHNOLOGIES

The following two background papers cast light upon'the issues

involved in the specifidaticn of technology:




- 1) More Pitfalls in the Testing of Duality Theory
 (Breslaw and Smith 1979) C

2) A Micro Test of the Neocla551cal Production Theory. -
(Breslaw, Corbo and Smith_ 1979).

‘The Pitfélls_pAPer,demonstrated_two iﬁportant-feeults. The
first is that one output translog cost functions provide a_more
general specification of production technologies than do standard
onerutput translogAproduction'ihhotions. This result arises “from

the fact that one output production functions usﬁally explicitly
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specify output as the dependent variable (ie. output is functionelly

dependent on inputs).. Ih'functional notation, output is the left-

hand side variable, and the right-hand side of the production relation

consists of a fﬁnction of the inputs, viz;

(1.1) g=£f(x) where: X is a vector of inputs
g is output
: £ is the productlon function

However, in the above case, output is eXEllcltl separable from
inputs. This separability is not encountered in' the standard cost
function specification:

(1.2) C=C(r,q) where: C is cost
: r is a vector of input prices

: g i's output

The importence of the separability issue can only be assessed

empirically. To this end, translog-based models~correspohding to

the separable production model (1l.1) and non-separable cost model
(1.2) were estimated. It was noted that the cost model was much

‘more robust than the production model. Thus, one should feel much

more confident using cost model estimates of technology in the one

output case, with this data set. As well, one has now both theoretical
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and emplrlcal drounds for less concern over the Appelbaum and
Burgess results that (separable) productlon and (non—separable)
cost models prov1de dlsSlmllar estlmates of characterlstlcs of
the aggregate U.S. economy.
Two . 1mportant addltlonal results were generated 1n the
Pitfalls paper. -The flrst was that only in the case of one out- \ZSQQ \

put homogeneous production functions could.parameters.of a non-

&ﬁ
separable production function model:be estimated:uniquely. The‘vﬁw @@y
P

ol
second,. and related result is that: multl—output productlon functlons QQMAL
cannot be reliably estimated. The reasoning behind this result «&P;;)

, - : T oy (©
lies in the fact that multi-output production surfaces (and, in PQQ

fact, non-separable singledoutput productionasurfaces) mnst be
specified:in implicit form as: |
(3) F(a,x) = 0 where: g is the output:vector

t x 1is the input.vector
However, for practical estimation purposes (for example, a ‘trans- -
log approximation of F), a dependenﬁ'variable\must"be-speeified
and it is straiéhtforward to show that (a) there is no natural
choice of a dependent variable and_(b) estimated*properties of

the underlying,technology will change with every different

%QUSO dseon & o elocle Sowo O(ﬂ"\m. Qe og Qo
Jz\«{bg vonatRe _ WRooveR wou Jeded oot (plodiFed X veo
The Micro Test paper emplrlcally demonstrated at the level 009" %ﬁ

CRIK owe
of a'flrm_(as opposed’to the aggregate economy level) that .one ﬂ

hale )J\QQ +

is related to the optimal choice of inputs (or, side-order ‘ év_ be ¢

' ‘ . ‘ Qo
marginal rate-of technical substitution optimality conditions). o St

" dependent variable. @
cannot reject the neoclassical model that the production function

This result is impdrtant since it differs from the aggregate U.S.

results of Appelbaum and it therefore supplies some support for the
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neoclassical. view that production fuhctions ahaAoptimizaﬁion
behavior provide a reasonable vehicle for«approximating techno-
legies and-aecisioh.making\within firms. These reeﬁlts however
can be questioned given that the production fuﬁction_used was

eeperable between inputs and outputs..

IT STUDIES RELATED ‘TO THE IMPORTANCE OF RATE OF RETURN
‘ CONSTRAINT IN BELL DECISION MAKING

The following'two studies examine.issues~£elated to the
modelling of rate of return constraintfand.the'empirical importance'
of such a constraint in stuinng the Bell~Canade production
process:

1) The Restrictiveness of Flexible Functional Forms in the
Modelling of Regulatory Constraint. (Breslaw, Corbo
"and Smith, 1979). ‘ S

2) A Direct Test of the A-J Effect: The Case of Bell Canada.
(Breslaw, Corbo and Smith, 1979). - Lo COW

K
o ~ WMQ

o g we
In the Restrlctlveness paper.it is shown that second—order approx-

imations Qf_cost ﬁgnctmons-are not=su1table:1n~general_ﬁor»modelllng .
rate of returneconstraint; The problems arise froh-the fact that a

rate of return constraint (when it is. blndlng) implies that the

optimal factor mix- is independent of the user .cost of capltal The
regulated firm will instead .make .its factor decisions with.respect_

to the allowed rate of return - the maximum allowed cost of capital.
However, this iﬁdependence result im?lies a set of (derivative)

restrictions upon the cost function. Unless factoi sﬁares are

effectively constaht, the standard-second—order.approximate‘cost

functions will not satisfy these additional constraints.
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There“aré~thrée”épptbachéé*tc the . solution of this problem.

- First, it.can be éhoﬁngthét-a third-order a?préximéﬁibn:is
sufficiently flexible to incorporate the additional restrictions.
Unfortunately, the number of parameters'to be estimated'incréaseé
geometfically with the order of approkimation'and this leads to
major computational problems;giVen'existiﬁg téchﬁology,

Secondly,,it.is possible to consider estimating-a model of
regulaﬁory constraint with the additional restrictions imposed at»
the mean of the sample only. It was decided that such'an app;oach
would not be desirable- for thiS'projectigiven‘that any cbﬁclusiéné
“drawn WOgld'be valid only at the.mean. n |

Finally, it is possible to design a test of: rate of»teturn
constraint-byiusingpaAprdductién“funCtion approach. The results
of this apprdaéh ére reported-in*the-AFJ paper summarized below.

Within a production model.of a cost minimizing firm; the:
effect of a fate of return-constraint can be-examined in terms of€
the Lagrange multiplier associated with thé'constrainﬁ; However,
it is.not a‘straightforward‘matter to estimate this Lagrange
mulﬁiplier from time series data.. The prbbleﬁ arises from the fact
that-theLmultiplier:will‘differ from year to year and even without
taking account.of the parameters:of the production médél;'there~arev
~as many Lagrange.multiplier parameters as data points. Giveﬁ that
it is not reésonable to specify the multiplier as a singie
(constant) parameter,‘é modified method was -introduced in order to
assess the impact of a regulatory rate of réturn-cdnstraint. |

An  iterative technique (similar to one advanced by Houthakker)
was used.to estimatevthe Lagrahge multipliers. Since a.straight—.

forward technique was not available for analyzing the individual
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AéignifiCé#céfdf-ﬁﬁe‘mﬁléipligﬁé, ag;efiés 9ffsim@¥a£;Qﬁ“exge%if’
menté wéfé‘désignéa in:sfdér td asséséiéhe~pérfoﬁﬁéﬁce'bf;the;
model when the inputs were‘éndoqéheoﬂS‘and_the ra£e §f_return
constraint.waé part of‘thé'simulated.syétem- .Two regimes were:
utilized - the allowed rate of return being that rate épécified
by the regulatory éﬁthofitieé,'and‘the*fate'ﬁéing thé;pbserved
‘rate of return. In every case the=trackinq;of'the“model which
includedwthexépecifiedfrafe'of*return‘COnstraint:waS“inferior'to
thentréckingfof.the model -when the Lagrange multiplier was -
constrained to be zero. 'On‘the‘bééis~of these”simulétioﬂiiégﬁlt;,'_
it wés-concluded:thatfthere‘Would be no loss associated with

ignoring the rate of return constraint-in this project.
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Part 3 SUMMARY OF THE INTERIM REPORT -

An inﬁerim report fbr‘this.project waS'forwarded'invDecember,
'1979. The.purpOse‘of ﬁhis’interim report was to link‘previous,
project reéults3(Smith and Corbo, l979)land:(Breslaw, COrbo and-
Dufour, iQ?Q, withithe directién of .the newipioﬁeCt and.to:sﬁm—’
marize some of_the:preliminary empirical results which had been
generated under the-ne& perect.

In the interim report the estimation.results of a translog
3 input - 3 output cost and demand model .of Bell Canada were
presented. Equations corresponding to the demand and cost éub—-
sections of the'modeluwere"estimated'simultaneously, Although the
specification of fhe_demand’model equations;showed significant:.
improvément'oVer:previéus ﬁodels,'serioué-computational prpblems
were ekperienced'during the simultaneoﬁs estimation of the cost
and demand model. 'As well, when detailed properties of the under-
lying technology were studied iﬁ'was-noted,that pne:cf the under-
lying assumptions of thé"model'— that of profit maximizing behavior
with respect to competitive services, was'not satisfied. Althbugh
we were pleased with the feasibility of estimating the .complete
model; convergence difficulties‘and thé-behavio;al properties
.associated with competitive services indicated that serious
problems remained With‘the7SpéCificatiohzof:the model and the data.

Effort was therefore allocated.towards solving these problems,

Diagnosis

A detailed examination of the.competitive services data (with

WATS excluded) isolated the source of the problems. _In-particular,
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flt was. noted that the demand for competltlve serv1ces was. 1n— ‘ /

) !
_sen51t1ve to prlce varlatlon. The explanatlon of this problem lay
i
' 1n the Bell construction of the (l967 constant dollar) output and

prlce series. -Bell had constructed theseuserles‘u51ng‘a chalned
Laspeyres prlce index. Such an index is’ reasonable when the major
underlying components of the output comp051te bear stable relation-

ships to each- other. ‘However, in the case.-of competltlve services |
e Da eQouvad udei s act dep. corntdd, wved Fae

where, ovef/tlme, new- services- had-been added at staggered intervals’

w

and had developed revenue shares dJreater: than the services- offered Uoﬂ QQ
vc\_b.

before 1967, a chalned Laspeyres index:did not provide- a usefulmﬁogn&(“’

Lor g e
representation of price anhd output. - At.the.same\tlme, it was ol\khéw $8o
: VAR
s e . . . . ~ e ST P
determined that Bell did not have the'dataftO'provrde"more satis- M@“*<2 d
factory price. and. output series. Flnally, it was noted that lv&‘“%&ﬁ €=“

dogpret ¢

i gi}—bﬁ’;‘u‘ -
message toll and local: services: contalned a .much greater. degree ofA &gv\

component stability and-that‘the'l967 constantfdollar'output\and

price series were thus likely to be more reasonable.

Action Taken

On the basis of these'findinos it was agreed"(Wlth the Depart-
ment of'Communications) to continue the development'of the model but
with competitive-Services‘excluded~from-the'demandnand'cost equa—'
tions.‘ As well, miscellaneous and-directory services were excluded
from the model. Flnally, the factor series for labour, capltal and
‘material were adjusted downward to reflect the fact that some ofﬁ?ﬁﬁdy
the inputs were necessary to produce the excluded services. ¢ The
downward adjustment factor was taken as the proportion of total
revenue contributed by the excluded services. In 1964 this was

10%.
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Part 4 THE' IAER MODEL OF  THE BELL CANADA PRODUCTION PROCESS

Section 4.1 The Cost Model

In thisosection werformelly desoribe:awthree—iﬁput two—outpuﬁ
cost model of rhe Bell Canada production orOCess, The inputs in-
clude: labour, capital and materiels.. Theeoutputs are: local
services and message toll services,‘includiné WATS. It will be
noted that profit maximizing behavior israssumed.for‘message toll -
services. It is assumed as well that regulation. results “in Bell
satlsfylng demand for local services at the regulated price. The

~production technology ‘is represented"through a cost»functlon.

Specification

A second order logarithmic expansion (translog fﬁnction) is
Used to approximate the cost function .resulting .from the_problem "
of finding.that fector mix‘whichﬁminimizeS»the‘cost'ofiproducing
a given output vector.. In particular, . it is assumed that: cost is
related to. factor pricesr output .and-technology according to.

. equation 4.1l.. The definitionS“of all-variablesuintroducedican be
found in Table 4.1,

There is a set of properties that a cost functlon must exhlblt
in order to be consistent with the minimization: .problem descrlbed
above. In partlcular,_the cost functlon nust be homogeneous of
degree one and concave in factor prices. The concavity property -
can be expressed in terms.of\determinants of minors of‘therfector
price Hessian of the_cost fﬁnction. Concavity.islnot a universal
property of translog cost functions-and must therefore be verified

at each data point,
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wage rate = total wage bill divided by L
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'I’ABLE4 Sl

VARIABIE" DEFINITIOVS ' COST MODEL

total cost in current dollars = wL+rRK+vM

weighted man hours with weights given By the 1967
wage structure :

net capital stock. in 1967 dollars

user cost of capital derived using7the Hall and Jorgenson
(1971) formula and allowing for capital gains

index of raw materials, sunnlles and uncollectables
in 1967 dollars

price index of raw materials

technology index of switching and accessability

‘to the system

quantity index of local services in 1967 dollars
price index of local services (1967=1)

guantity index of intra territory adjacent, trans-Canada,

" US and Overseas basic toll services -and WATS inm 1967 dollars.

price index of QM (1967=1)
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" CHART 4.1

FUNCTION

" Bguation 4.1 @ 3 INPUT = 2 OUTPUT (SYMMETRIC)'TRANSLOG COST

+ C, Anw Carr + C Anv CTRﬁT ' +-CQL2nQL + Copdno:

+3 80w _EWWRHW erknr + vaknv CWTQnT + CwOLQnQL + CwéMRnQ@]
+1gnr .EWrznw c Anr + crvznv. CopfnT ¥ C_o #nQL  + rQMRnQM
+38nv i?kanW' Crvknr' + C,knv C,pAnT CVQLRnQp + vQMRani
+1anT [C_Anw + C_onr + C_ofnv + Cp T+ C 1 naT v QMTRnQM
+%2nQL-?§wQL2nw CrQLRnr + CVQLan CQLTRnT + CQLQLRnQL + QMOI?HOMl{
+32n0OM :FWQMRHW CrOMRnr.+ CVQMRnV CQMTRnT + COMOIPnOL +'CQMQMgnQé!;

€1/
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AlterﬁétiVély,‘homogeheitY’Of dégfeé“onefin faétéf prices-

(or equivalently, addition of the derived factor share equations

to unity)‘can be directly.imposed'by'parameter restrictions. These
restrictions can be deduced from the factor shéres presented as
eéuations 4.2, 4.3, and 4.4. Thesé‘factor shéres'reflect Sheppard'é
Lemma which states that the partial derivatives of a cost function
with respect to a factor prices must equal the cost'minimizing factor
input demands. Vertically adding equations 4.2, 4.3 and 4.4 we note

the following seven independent restrictions implied by homogeneity:

R,: C +C +C =1
1 w r v

R2 wa + er + va = 0
R.: C + C + C = 0
3 wr rr rv

R4: va +VCrV + va = 0

RS: CWT * ch+ CvT = 0

6° CwortCront Cyor

o

7 Cuom™Crom*Cyon = o

Profit Maximization

The assumption of profit maXimizatién’infthe provisibn of
message toll services implies that marginal cost of the sérvice is
equated to marginal revenue. A convenient way of writing this con-
dition for a translog cost function is iﬁ terms of the value of
'marginal revenue share equation. ' This is presénted in equation 4.5

where MRQM is the marginal revenue of méssage toll services.

Summary Information and Statistics from the. Cost Function

Following estimation of the entire model and verification of the

relevant concavity and profit maximization well-behavedness conditions,




CHART 4.2

DERIVED COST MINIMIZING FACTOR SHARE EQUATIONS

wkL
4,2 T = CW + waﬂ)r\.w + erznr + vaznv + ‘CwT?LnT + CWQL?LnQL + CWQM?LnQM
. rK o ' V : _ i .
4.3 T = Cr + erknw + Crrﬁnr + Crvknv + CvTQnT + CrQLQnQL.f CrQMﬂnQ_'l
YM L C 4 C dnw 4 C nr o+ C gnv 4+ C AnT + C. 8 L+ C. fnOM
4.4 c v wv rv E v Y v vOL neQ vom-B
CHART 4.3
DERIVED PROFIT MAXIMIZING VALUE OF MARGIMNAL REVENUEF SHARE EQUATION -
| — = CQM + CWQMan + CrQMQnr + chM,mv + CQMTQnT + CQMQLQnQL + C LnOM

QMQM:

ST/
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properties of the cost model are examined with a goal’to under-
standihg chéraétéris£ics of.the'Bell productiéh pfocéss, In :
particular, marginai costs, cost:compleméntaritiés; ray scale
economies, economies of-scope, own and cross factor deménd‘
elasticities as well as elasticities-of substitution are examined.
The formulae for the summary statistics-arergiven'by equa-
tions 4.6-4.21. It will be noted that-a sufficient condition for
economies of scope bétween'two services is that'cost'comple—‘

_mentarities are-significantly negative.



3.3
CHART 4.4 <0
TECHNOLOGY SUMMARY STATISTICS EOUATIONS
Marginal Cost Egquations
LOCAL = C 3
4.6 (LOCAL SERVICES) MC,. (%ﬂ) { oL T Cuortnv + Cogptnr + CVQLlnv + CupptnT + CQLOLGo_L +
: OMOLMQM_I
4.7 (MESSAGE TOLL SERVICES) MCyy = % [CQM + CoonwHt Coydnr + CVQMgnv + Copmp nT + COMQLSLnOL-t—
N d
| | Cuon™® o
s . : S ' : Pl
Cost Complementarity Formula |
. . . e
| : Dhe e rﬂ(; »
4.8 LOCAL - MESSAGE TOLL aMC MC__.MC, . C c = ——/ e P G
' oL _ oL "ou / OMOT.* 2 \&-/ T - X
o /€ Ty 2 Tonan =
S “w/f'a'»\fi I Me, Dl
A, /c’ /{. et , ’—u o~
" e

Ray Scale Economies (Ray Cost Elasticity)

4.9 SCALE = MCdL'QL - MC OM

Cost Minimizing Factor Demands

| ' L+ C, anM
4.10 L = %g _ (%) [Cw + CAnw + Codnr + CLonv + CpfnT + C oy inOL. ]
K = : ' + QL + C anI\ZI]
411 K =ac .(E){Cr b CupdnY 4 C_dnr + C IRV + CpdnT + CpopInQL + CppydnOt
r r . . .
* ‘ _An0 LnQM
4,12 M = %E N G;)E%7+-valnw + Crvlnr + vagnv + ClenT + CvQLln"L + CVQM nQ:]
v v
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CHART 4.4 (continued)

" Factoxr Price Elasticities

4,13 (Labour-Labour) ' ELL = BZC.E
: 2 T
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4,14 (Labour—Capital) B = 32C «X
dwor I,
4,15 (Labour-Materials) ELM = 82C .

: WV
4,16 (Capital-Capital) EKK = BZC;£
: , 2 K
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4,17  (Capital-Materials)E,, = 3°C .V
: o ' drov K
4,18 (Materiéls—Materials) EMM1= BZC
' ' ' ' ' ' 8v2
Elasticities of Substitution
4,19 (Labour-Capital) Six = LK.C
o : r.K
4.20 (Labour-Materials) Sim = Erm.c
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Section 4.2 3 " The Demand Model

v The déﬁand model specified in this section provides a.significant
advénce'OQer previdus projéctS'from theistandpoints of-lével of
aggregation and fit, Data provided by the Department of Communications
on local rates by category of service, and on l979'quantitiés‘permitted"
the éonstruction df a Laspeyres price index for both residential and
businesé local services. (A similar disaggregation of message toll
is still not poséible). As well, after extensive experimeﬁtation

with flexible functional forms and revenue functions it was found
) ‘ ~ . )
' N . : o, . poublE -

that the| isoelastig functional forms provided the best fit of the

=

Q

!

data. The assumption of previous projects that outputs and income

. Vo N .
should be expressed on a per person basis was relaxed and the fit -@/“44/?
improved significantly. As well, the use of real personal consumption VwHY?

B :
expenditures as a proxy for real permanent disposable income helped
reduce theféburious»s;;gél correlation which had arisen in previous
T i
projects. The serial correlation problem had arisen because of the /; pypLate
‘ o
large transitory swings in real disposable income during the post //Sugupy

b
:

Korean war expansion and recession.

The demand model is estimated at(%SEg levels of aggregation.
'TheAdemand equations for aggregate local and message toll servicés are
presented in Chart 4.5. 1In Chart 4.6, the dissagregated demands for
business and residential local service are shown;_ The variable

definitions are presented in Table 4,2,




‘CHART 45

AGGREGATE'DEMAND'FUNCTIONS_

Local Services | , CO“)
4.22  1in(QL) = A + /<> : imicon
| | n(Q ) ) (~9..I.) = 1“(%)1 )+ A ln(POP)+ A4.ln(CONV)+AD

Message Toll Service

i D59+AD2 D7o

423 In(om) =B, + B ln(PQM)

fo TR + B, In (YD) + B,In(POP)" + BD,.D_,+BD,.D
CPI Pt S

1°759 2°770

. CHART 456

- DISAGGREGATED DEMAND -FUNCTIONS: EOCAL SERVICES -

4.24

i

In(QLR) = RA_ + RA 1nf‘PQLR)+RA in

0~ 7L CPI 2 (CPI) + RAg ) in(POP) + RH, In(CONV)

+ RDl .D59'+RD :.D‘

BAO +BAl in (PQLB)+ BR,, lr\( ¥D a» BA ln(POP) + BA ln(comv)
, CP1

| +13D1.D59 +B'D_2.D-7Ov‘ |

Il

4.25  1n(QLB)

0z/
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TABLE 4.2

VARTABLE DEFINITIONS: DEMAND MODELS

CPI =1consumer.price‘indéx, Canada (1967=1)
YD = dlsposable 1ncome approx1mated by consumptlon expenditure

CONV.= Llocal conversatlons per person, Bell ‘network

POP = population in the Bell territory.

Doy = dummy variable ( = 1, 1959 +)

D,, = dummy variable (= 1, 1970 +)

QL = quantity index of_%déal services in 1967 dollars..

OM = guantity index'of‘intra territory adjacenﬁ tréns Canéda,

U.S. and Overseas message toll services and WATS in. 1967
dollars (ba51c toll serv1ces)

PQL = price 1ndex of local serviqesd(l967 = 1) . i
PQM = price index of basic toll servieés‘(1967 = i)
PQLR = price of lééal residential servicesv(1967‘;‘l)  _ | 3
QLR = quantity of local reSidential.services | ‘ .

PQLB = Priée:of local“business services (1967 = 1)

QLB = quantity of local business. services



The spe01f1ed demand equatlons are seen to depend upon prlce

income and populatlon in a log—llnear’functlon, As well all of

the demand equatlons include two dummy varlables, WD~V ‘which

59:
corresponds to- any taste shlfts occas1oned by the avallablllty and

/’ L
1mportance-of dlrect dlstanceldlaklng-and D7O/yhlch corresponds

\ .

to the restructurlng of rates’ “for long didtance calls to a mlnlmum

of one minute. Flnally//all local deman equatlons lnclude a

'conversatlon per person variable reflecﬂgng any contlnuous re-

/

/

structurlng offtastes towards greater~ﬁéllance,uponithe_local

telepnone network. . ; » :
: { - %éﬁl()() (7@/ /\[/L 4 Yo .'
v Jﬁf? s

N EYcE

K
ol C}\ 700
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" Part'5 . ESTIMATION OF THE COST AND DEMAND MODELS

In the following seCtions,.the parameter estimates-and summary
statistics from'the_demand and costlmodels are presented.‘ In .
section‘S;l, the separate estimation of the demand equations is
considered. In section 5. 2 the results of the Simultaneous.

estimation of the cost and demand models are examined.

Section 5.1 The Demand Models

We begin by conSidering the results for the aggregate demands
for local and message toll services glven by equations 4,22 and 4, 23
The equation by equation and system results are presented in Eable_S.l,
It is clear that the demand equations fit well, lThere‘is no
evidence of serial correlation in the residuals. _As-well,.there is no
significant changes in the parameter estimates when they are eStimated
as a seemingly unrelated system as opposed tc“individually.. It should
be noted that the. demand for aggregate local.services‘is inelastic
(=.52) whereas:message toll services are elastically demanded (—1.3).
These elasticity estimates are»reasonably similar to the results of
‘previous models."Thekbetter specification of"local.services seems to
have resulted in a higher elasticity estimate for that service whereas
the lncluSlOn of WATS services in message toll has resulted in a slightly

smaller point estimate of the demand elastic1ty.-

The estimation results for the disaggregated system of local service

equations (4.24 and 4.25) is presented in Table 5.2. Three points should

be made with respect to these results.




TABLE 5.1

PARAMETER ESTIMATES'OF AGGREGATE‘DEMAND MODEL

EQUATION BY EQUATION

LOCAL SERVICES

Parameter -

.D.W,

Log of likeli-
hood function

MESSAGE TOLL SERVICES -

Parameter

~Log of likeli-
hood function

*®

.Significant at the. 5%

Estimate‘

-3.979"

-.519%
438"
1.042%
L426%
«

.055

81.78

© Standard Error |

717
087
.108
.090
136
,012

012

level.

 Standard Error -

.893
.08l
1,106
113
.015

. 015

/24



TABLE 5.1 (Continued)
. SYSTEM ‘
Parameter Estimate
— e
Ao ‘ —4.946 o
*}:‘ R
A, .‘439*
A, ‘1.038*
Ay 437"
*
.054
AD,
*
.019
AD, o
. *
-5,054
. Bo o
*
-1.30
51 R
T
B, .797
*
B, .811
BD . 028"
BD, .106
Log of likeli- - .y
hood function 153.185
'Eguation N D.W.
Local 1.68
Message 1.94

‘Staﬁda£d Error

597
.072
.089
.076
.108
.010
.009
882
.080
.104

.13
S .015

.015
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TABLE 5.2
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BUSINESS AND RESIDENTIAL LOCAL DEMAND EQUATIONS

RESIDENTIAL

BUSINESS |
BA
BA; .
BA,
BA,
BA,

BD;

BD2

Parameter

‘Estimate

. =3.365"

-.395% -

*

. .337
.924%

L4297

©.039%

*

- .027

L
 =5,492

-.706

*

. 492

*
11140

*

434
: *
.062

*
.028

LGGnéErLiKELIHoﬁj’475.068

Sténdard.Error

.
.115
.153
L1411
.179
.016

- . 015

815
;104
.126
©.109
.165
~.016

L0l4 .

LOG OF LIKELIHOOD 77,071




TABLE 5.2 (Continued)

SYSTEM

Parameter

Log of like=-.
lihood function

D.W., Residen

Estimate

-2.936"

-. 445"

*

.293

*

.969

*

.416
*

. 042

.027"

*

~4,949

= e 784*

*

. 442

1.188%

*

.412

.069

*

.026

159.296

(.96)

*

Business

Standard Errdr

.855
.091
- . 126

-.116

152

.014
VH.013-
664
083
. 106
.091.
. 142
7 .014

.012

(1.47)
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In the first place, both equations fit well With the bus1ness
equation performing slightly better. In both the equation-by'
equation results and the system resnlts'the_Durbin:Watson statistic
for the‘residential equation is low - but still in the inconclusive‘
range.. An examination of the residuals of‘this equation Suggests
that the low statistic arises for only spurions reasons.

Secondly, as in the aggregate demand equationsr the move from
separate to. seemingly unrelated system estimation yields ho signi—f
ficant changes in the parameter estimates.

Finally, the business ‘and residential parameter estimates
bracket the corresponding aggregate»parameter estimates; -This
result is comforting especially given that'the-disaggregated

system was not constrained to satisﬁyuthis condition. -
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Section 5.2 The Simultaneous Cost  and Demand Model

‘One'of thevimproVements introduced“in'this.project.involves
the s1multaneous estlmatlon of the parameters of the cost and
demand models. leen that proflt max1mlzatlon.ls assumed with
respect to message toll services, a=s1multane1ty_bras may arise- if
-marginal revenue estimates-are used aslexogenous informationzin the-
cost model.. Thus the cost and'demahd'equationSawere estimated as
a simﬁltaneous systemjwithﬁcross—equation parameter'cohstraints.3
Since it is assumed that.the demand~for local'services'Willialways*
be satisfied at the existing priceG(regardlessuof how it is de- |
termined) , it was :not necessary to“includeuthe_demand.eqﬁatiohs
for local services infthefsystem;-"Thedsame'reshlt-was'aohieyed
by simply treating the'output of‘looalfservices-as ah ekogenoﬁsdi
rvariable. | |

- The six equations of the estimated”modellmere given by 4-1,
4.2,'4-3, 4.4, 4.5 and 4.23. The link‘betweeh thetdemand and cost
models. was made»by-writing~marginal'revendewin the profit maximi-

zation equation (4.5) . as:
(4.26) MR = Py l’l + 1 ]~
. . 1

- where Bl is the-prioe elasticity of demand fromsthe demand'equa—
tion (4.23). |
The parameter restrlctlons 1mplled by homogenelty of degree
one of the cost function in factor prrce were: introduced. . This
resulted in Equatlon 4.4 (materials share) belng dropped The

parameter estlmates from this. equatlon were subsequently recouped.

An additive random term was affixed to the remalnlng equations and



‘and the parameters were estimated using a full information maximum

. . . *
likelihood technique. The" endogenous varlables of the model were:

/30

cost, labour share, capital share, output of message toll services .

and price of message toll services. All other- variabls were
Adeclared>exogenouss. The‘parameter estimates were iterated until. .
' convergence was achieVed:and Were-therefore‘independent"ofpthe
;deleted equation. o | | -

As the iteration process in the estimation algorithm worked
itself out, it was noted that three parameters»appearing only. in 2
QLQL"CQhT’ CTT) 'tended to move infa
compensatory fashion having. v1rtually no effect on other parameters

the cost function .(

or -cost. This.fact.was attr1buted.to the hrgh collinearity between'

T - and QL. .: Primarily for reasons of computational ease,. these
coefficients were constrained equal to ZEro.

~ The parameter estlmates and asymptotic standard errorsvof
. the final version.of the model are presented in- Table 5 3 .Addi—i
tional equation by equation summary statistics are provided in
Table 5.4. | |

An examination of the tables suggests that the flt of the
'model lS:qultE'tlght.- Approx1mately 80% of-the>coeffic1ents are
asymptotically significantly different from zero atfthehS% level.
As well;'those coefficients which{are not‘Significant are very
small. Finally, the sum of squared residuals for each‘eguation :

is very small.

FIML, implemented on TSP, version 3.4. The estimation involved

5 equations (five endogenous variables), 25 observations (1952-1976),

and 24 parameters.




TABLE 5.3

PARAMETER ESTIMATES OF THE SIMULTANEOUS COST AND DEMAND MODEL :

‘O 0O 0 (@] (@] Q
g .49 < w20

Q)
g
R

Q
2
<

0
O 4 4 R R RF
F A & B2 < R A

O
=2

OMQL, -

O 0O 0o 0 0 0 o0 0 0

‘QMQM 

Q

QMT " .

' Parameter

EStimafe

-1.295"

*

.583
.459"
-.042

*

.482
-.024"%
.005

1,019

=.3007 -
L064%
-.069"

%

_.3486

.050"

-. 047"

'1.690"

. .2467
-.159%

*

.089

*

. 037

Standard Error

.258
.073
.090
061
. 069
.025
.018
.017
.003
.022
.013
.038
.017
.025 -
.082
4043
©.014
008

.016
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Parameterx

CWQL

Cwam

O,

rQL
CrQM
CvQL
vom
B0
Biﬁ
B
B

TABLE 5.3 (Continued)

~.058"
085"
.036
- ~.083"
.022

- -.002
- ~4,926"
“—1.3145
787t
796"
.031"
111%

 Log of Likelihood
Function :

EStimate

* Significant at the 5% level.

127.465

Standard Error'

.022
.009

.025

-.009 -

.020

.008

- .067:

.092
.103
.014

~.014
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'EQUATION

Cost Function
Labour Share
- Capital share
Message Profit

Message Demand

* Equation estimated in implicit form.

'TABLE 5.4 .

EQUATION BY EQUATTON-SUMMARY STATISTICS
- = -

R2

1,991

.986

D-W

1.161
1.606
1.573.
1,040

1.900

- ..004

001

/33

.002

"+ The distribution. of the statistics presented?heré

are not tabled ~thus no significan
- performed. .

ce tests can be -
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Section 5.3 : Analysis:of‘the-Estimated'Model

(5.3.1) Validation‘of,the.UnderlYing"Assumptions:

It will be recalled:that profit maximization-was;assumed for
message toll services.x As well, in orderhfor>theacost;function to
provide an economicallylreasonable approximatiOn'to the under—,: |
lying productlon technology, it must be concave 1n factor prlces.

At each data p01nt lt was verlfled that the second ‘order condltlons of
profit max1mlzatlon (8(MR—MC)<0) and the concav1ty requlrements were
satisfied, Thus the dg%a are not . in confllct w1th the underlylng

assumptions of the model From an economic and an econometrlc point

of v1ew, these valldatlon results are very encouraglng.

(5.3.2) _.Features'of;the’Demand for Message Toll Services
The-demand‘equation parameter estimates’coming from the
simultaneous cost and demandpmodel can‘be“usefully‘comparedrto thev
separate estimation of'the»demand modeliundertaken:in Section 5.1.
Comparlng Tables 5 .1 and 5. 3 w1th respect to BO' Bl’rBZ' Bé, BDi
and BDZ’ it is noted that the point estlmates'dlffer hyxat‘most 5%,
Although this suggests that the gains: from slmultaneous estlmatlon

of the cost and demand~mode1s may be limited, it does underline the

' stability and compatability of the demand and cost models.

(5.3.3) Characteristics of the Underlying Production Process
Deduced from the Estimated Cost. and Demand Model

The estlmated model can be used to. galn 1mportant lnSlghtS into
~the Bell productlon process. A summary .of these results rs
presented in Tables 5.5 to 5.11. The paragraphs which follow‘con—

taln a discussion of these tables.




Looai.Servioes

_ In Table 5.5,.a six year summarY‘of.local serviees‘is present—
‘ed. Tn the latter period‘of the sample (1967-1976), prioe and
marginal cost have been moving together quite closely." An exami4
nation of the elasticity of marginal:oosttsnggestsvthatithe_~

marginal cost curve is slightly downward sloping.

- Message - Toll Services

Table 5. 6 contains -some: summary 1nformatlon regardlng message
toll services. The closeness of the marglnal revenue and marglnal
cost:nnmbers'attestS'to the.valldlty of the proflt max1mlzatlon
assumption. As well, the Lerner- Index of monopoly power suggests
that the exp101tatlon of the message toll service market has been
stable over time- Flnally, the elastlclty’of marglnal.cost
statistics suggest that the marginal cost of message toli:Services:

is virtually constant in the neighbourhood'of any'data point;'

A Comparison of the Marginal‘Costs with Other Studies.

It is pos51ble to make a partial comparlson of the marglnal
costs derlved from this study w1th estlmates derlved by Bell Canada
C'ln an 1nternal study and with estlmates derlved by Rohlfs using
ATT data.. To this end, Table 5. 5 has been prepared. The numbers
' presented represent the marglnal cost of a dollar of revenue ‘in
‘.the given year. An examlnatlon of the estimates- suggests that the
IAER numbers are‘somewhat lower than the Bell and ATT numbers but,
overail, quite similar.. |

The differences between the‘methodologies used are.disoussed'

below.



Year

1952
1957
1962
1967

1972

1976

Price-

.924
1,933
1.000
1.000
1.086
1.270

"Re

. TABLE 5.5

'LOCAL ‘SERVICES SUMMARY

o *
Marginal Cost -

1.224
1.137
1.019
.939
1.049
1.215

ference equation 4.6
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aMC

oL . _QL

~,  Elasticity of Marginal Cost

oQL

=.057

.‘ -0150

-.227

=317

-.403
-.482

MCQL
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TABLE 5.6

MESSAGE TOLL SERVICES SUMMARY

Marginal® Marginal® | Lerner® | Elasticity of

Year Price Revenue Cost Index - | Marginal Cost
1952 1.064 .254 | .251 .83 |  .189
1957 1.062 254 244 .83 | .212
1962 1.041 .249 .252° | .80 I S P51
1967 1.000 . .239 .235 .77 | - .o048
1972 |- 1.102 263 | .278 .75 .006
1976 1.245 ' .297 .295 .76 o .020

“Re ference equation 4.26

+ Reference equation 4.7

# Lerner Index of Monopoly Power =.PQMﬁ.MCQM
PQM




a)

b)

c)

d)
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The scallng of costs in. the IAER study assumes that the
revenue/cost ratlo for other toll and mlscellaneous 1s the

same -as - for the aggregate of message toll and local. In fact,‘
the revenue/cost ratio for other toll and mlscellaneous is
llkely to be lower than the revenue/cost ratlo for the aggregate
of message toll and local Consequently our estlmates may be
blased sllghtly downward However, given the small revenue share
assoc1ated w1th other toll thls bias is llkely very small |
Both the Rohlf'stndy_and the Bell studytexclude'yertical
services when reporting the local seryioe marginal oost,
Using Rohlf's data, the difference betWeen the"marginal cost
of local including vertical services, ahd'excluding yertical

services' is of the order of 5%. .

The assumptions'relating"to}the price of capital, and the
treatment of tax are‘different betweenwthejstudiesgyﬁThisg.
could make a- larger dlfference. Unfortunately, the‘details,‘
necessary to make the comparison are not avallable,: in addi-
tion, dlfferences in revenues and cost calculatlons ‘between
the U.S. and Canada will cause-differences between the ROh1f

study and the IAER and Bell study.

The estimates in all cases are<determined.using a different

methodology. The IAER uses the derivative of the cost function

and since the cost function is a long run cost functlon,"lt

follows that the marglnal costs so derived are long run
marginal costs. - In general, they will be less»than short run

marginal costs. . The Rohlf. measure of inoremental cost,

based on historical data includes "construction for growth".
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Whenibompared.to the Engineering study_for;toll,‘which is
certainly long run, one suspects that the .45 historical estimate
represents a short run'marginal cost, while the .30 represents

a long run marginal cost.'-Finallyj*the Bell study measures

. Causally related costs

fo iven year.
Revenue rag year

marginal cost as

This is closer to an average variable cost than.a marginal
cost ‘and will overestimate marginal costs if average variable’

costs are falling{

Bell reports the folloWing cost/revenue ratios for tell such that:

A cost _ _325 = 235 _ .257

A revenue 1115 - 765

For local however, Bell reports increasing cost revenue ratios and

A tost ~.1000 - 775

this implies: —
A revenue - . 690 - 585

2.14

This last value seems somewhat extreme, suggesting that Bell's

forecast of the future is out of line with historicfrealization.



. TABLE 5.7.

. COMPARISON OF MARGINAIL COSTS PER '$ REVENUE

“/40

Local

Message Toll
'IAER (1976) - .96 .24
' Bell Canada Study - - (1976) 1.32 .31
Roh1f (Historical) 1.50 .45
(ATT) ' 1973-5
”%(Eﬁgineering) a .N/Al .30 -
' 1976 |




Scale'and'Scope

Table 5 8 summarizes some of the features of economies of

scale and economies of scope in the underlying production process.

_Although cost complementarities and hence scope economies exist,
Jthey_are unimportant relative to marginal cost-. As well, scale
economies.exist'except for 1952, The trending in the scale-
economies measure points to the ever-present problem of;disassocif
ating the effects of scale,and'of.technoloéy'in a complicated

" production process.

Output Surface Characteristics

Table 5.9 provides additional information regarding the
‘relationship of cost to outputs, The iso=-cost output surface
demonstrates, for a given;level of cost, the manner in whichjout—‘
- puts can-be‘transformed._ The'rate of possibleftransformatiOn
- (given by tne'slope) is quite_stable oter time.. As well,vthei »

transformation surface is concave to the origin..

Elasticities of Substitution‘

TableS.lOsummarizes‘some‘of the results concerning;factor
substitution using the Hicks—Allen‘(partial) elasticity of sub-
stitution measure. The results suggest that the elasticity of-
substitution between labour and capital has. been quite stable
over time and is very close toal. Similarly, the substitution

possibilities between labour and materials have beén stable;

Finally, the capital materials elasticity of substitution estimates

suggest that capital and materials are not'stronglyisubstitutable
and, in fact, showed a complementary property during the early part

of the sample..'
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Year

1952
- 1957
1962
1967
1972
1976

TABLE 5.8 -

Scale and Scope Summary

Cost‘Complementarifies

BMCQLT

QM

-.002
-.014
-,001
-.0005
-.0005
~.0009

*Refergncejequation 4,8

+Reference equation 4.9

'(Scope)*
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- N
" Ray Scale Economies

1.024

- .930
. .859
0775
.694
o .614




Year

1952
1957
1962
1967
1972
1976

" TABLE 5.9

IS0~COST. OUTPUT SURFACE CHARACTERISTICS

eg.(1967)

QL

410

Slope

doL
doM

-.205

-.215

~.247
~.250

-.265
-.242

220

oM

concave

. concave

concave’
concave.

concave

concave

- Curvature

to

to

to
to
to
to

origin
origin
origin
origin
origin

origin
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Yea

1952

:1957
1962
© 1967

1972

1976

Reference:

TABLE 5.10

Elasticities of Substitution

/44

labour/capital labour/materials cépitak/materiéls
- 1.032 1.250 -.015
1,020 1.270 - ..073

1.045 1.300 216

1.019 1.405 w276

1.019 1.315> . 312
1,017 1.351 .321

4,19, 1420, 4.21.

equations
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Factor—Prlce ElaSthltleS

. Flnally, Table 5 ll 1llustrates some - of the factor prlce

elastLCLty estlmates. LAll. factors ‘are. lnelastlcally demanded

with labour showrng a. trend towards greater elastrcrty. Capltal‘f

has become somewhat less elastlcally demanded over . tlme whereas
the elastLCLty of demand for materials has: been more or less

. constant.



Year

1952
1957
1962

11967
1972
1976

'TABLE 5.11
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COST MINiMIZING OWN“FACTOR'PRICE ELASTICITIES .-

Reference:

Labour

-.642

-.773

-.780
-.796

Equations 4.13, 4.16, 4.18.

CaEitalv

-.444.
-.440
-.396
-. 369
-.354
-.342

" Materials

- =.577

' ~,535
-.540

—0543
-,548
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‘Part 6 VERIFICATION

'Before turning to policy aspects.of’this repoft; it is useful
to.verify the aécuracy‘of.the:eetiﬁeted cost. and demanddmodel.
This iﬁvolves simulating the'model,over the histotical_pericd and
subsequently cemparing fhe.actual and'simulatediveriablés.*

- Two sets of simulations were carried out in the wverification

process:

(a) Demand Verlflcatlon

A(b) Slmultaneous Cost . and Demand Verlflcatlon.
Section 6.1 Demand-.Verification .

The demand model consists of two equetions:»the deﬁand for
local residential services.(4-24) and the demand. ‘for aggfegate
toll services (4-23). .As mentioned earlier, there WaS’notQSuf-
ficient data to disaggregate toll se?viees.into thelbusiness and
residential components.f

The actual and s1mulated demand serles are - presented in
Table 6.1. A statlstlcal comparlson of the series 1is prov1ded in
Table 6.2. The tracklng.ls very good for_both equatlens‘ ‘Theil's
decoﬁposition:of the .inequality of the series'suggests;thet‘almpst"'
all of the error is due to different co-variation: thus £he demand
equations accuﬁetely predict the levels of demand within the‘sampie-;

period..

The TSP (3.4) command SIML was used in simulating the model. The
procedure was adapted for use on CDC machines, ‘and in addition,
‘the sifwlation capacity was extended to handle simultaneous
equation systems of twelve equations and thirty or more varlables.
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TABLE 6.1

SIMULATION'MODEL

QLOCR-

342.721 .

QLOCRS QTOoL QTOoLS
1952 71.4270 72.5586 52+ 6097 5244867
1953 7628095 775123 56.7187" 5722272
1954 82.3187 81.9362 Al.2002" 61.9023
1955 89.8682 90.1272 70.1569 68.8063
19586 99,4008 - 100,407 f90UD%" ST 124081
1957 108. 796 107.133 86.2314% 8549669
1958 116.331 1144301 903172 . 93.2821
19%9 L£Z2+5869 123,307 T3 «e08624 Y. 0600
1960 130,413 129.550 . 103.748 104.069
1961 138.245 1344709 110.212 110,012
19867 146,935 144.285 130,497 130.279
1963 155.020 152.789 1384740 141.784
1964 159.630" 1614316 '154.380 1554279
1965 169,208 171,073 I75e729 R AN N
1966 181,600 184,015 1 199.910 198.367
1967 192,700 1944314 223.780 221.551
1968 204.800 206.355 244.824% 248.833
1969 218.400 220,311 280.929 274.616
1970 234.538 238.686 3044541 - 300.230
1571 247499 249,480 320.08% 376.462
1972 2684390 267.216 360.755 3624302
1973 288.393 2864166 421.531 411.900
197% 310.657 310.737 485.566 487.425
1975 333,972 328,782 5534000 558.363-
1976 343,440 596.98%  604.618
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TABLE 6.2

 COMPARISON OF ACTUAL AND PREDICTED‘TIME‘SER;ES‘

ACTORC AND PREDIOFED*VARIABLEsg;.i“ ~TOTOC T —UTOLS

CORRELATION COEFFICIENT = .9997

» (SQUARED = =9995.
ROOT—-MEAN-SQUARED ERROR = 3.744

" MEAN ABSOLUTE ERROR = 2,709
REAN ERROR = ————T%0% 7
REGRESSTON COEFFICIENT OF ACTUAL OV PREDICTED = 9943
THEIL™S INEQUALITY COEFFICIENT = | A-‘.BQB?EQOZ
FRACTTON OF ERRUR DUE-TO_BIAS_; — TTG07E=02
FRACTION OF ERROR DUE TO DIFFERENT VARIATION =  .5265E-01
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION =  .9459

ALTERNATIVE DECOMPOSITION (LAST 2 COMPDNENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF RﬁGRESSIDN

COEFFICTENT FRUW UNITY = ‘ T5789E=0T
FRACTION OF ERROR DUE TO RESIJUAL VARIANCE = .+ 9407



TABLE 6.2 (continued)

.COMPARISON OF ACTUAL AND PREDICTED TIME.SERIES

/50

ACTUAL AND PREDICTED VAQIABLES-.. - QLOCR QLaCRS

CORRELATION COEFFICIENT =0 .9997

(SQUARED = <9993
ROOT-MEAN-SQUARED ERROR = 24111
MEAN ABSOLUTE ERROR = © 1.750
WEAN ERROR = D -5264E-02
REGRESSION COEFFICIENT OF ACTUAL ON PR:DICTED = 1.001
THEIL"S INEQUALITY COEFFICIENT = o L5364E-02
FRACTTON OF ERROR DUE TO BIAS = : | 57505
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = .3254E-02

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = 9967

ALTERNATIVE DECOMPOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION

COEFFICIENT FROM UNITY = «1933E-02
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = -e9981
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_Sedtion 6.2 . Simuiténéous Cost and~Demand‘Moaél Verifica£ioh';

'AThe cost’andfdémand'mbdel consists of five equaﬁiOnsﬁ the
cost functioﬁ.(4.l);_tﬁo factdr shére.equations_(4.2, 4.3), the
demand for toll services equation (4.235 and the.p£0fit'maximif
zation equation (4.5). in'the Verificatiqﬁ procé@ﬁré; thé five
equations were simultaheously*soived for the endoéepous variable$t
cost, labdur, capital, pribe of toli services.énd quantity of"
toll services. | o |

Thé'acﬁual and‘simuiatea series ére presentedfin Téblef6.3

andAa comparison of the series:is showﬁ.in Tablé 6.4;* ;Onca'aéain
-it can be seen that the @fackingvis acburaﬁg and unﬁiasea-oVer

the‘samplevperiod.

*It will be recalled that the series for factors and -hence cost .
were scaled down when competitive services and miscellaneous
outputs were excluded from the model: The results in Tables 6.3
and 6.4 refer to the series rescaled after simulation.
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TABLE 6.3

. COST MODEL SIMULATION

094 .984

YEAR QTOL QTOLSIM PTOL PTOLSIM
1952 52,6097 53,7858 1.06425 1,04463
1953 56,7187 54, 4792 1.,06551 1,10610
1954 41,2002 57,8608 1.06628 1.12250
1955 701569 63+9644 1.06573 1,12658
1956 79,0054 76,0510 1.06491 1,07728
1957 86,2314 88,5941 1.06156 1,03752
1958 90,3172 95, 2757 1.07103 1,05393
1959 P8 6624 108,318 1.11723 1,04379
1940 103,748 112,203 1.13130 1,06833
1961 110,212 1164115 111990 1,07482
1962 130,497 126,860 - 1.04140 1.06269
1963 138,740 141,199 1.03932 1,04260
1964 154,380 155,970 1.03766 1.03416
1945 175,729 179,957 1.03644 L POPERO
1966 199,910 201,292 1.00935 L PPB168
1967 223,780 219,876 1,00000 1.00579
1948 244,824 239.270 - L PP14029 S 1.02144
1969 280,929 264,594 L PP4702 1.,02324
1970 304,541 308,499 1.07216 1.05022
1971 320,084 22,464 1.08771, 1,09794
1972 360,755 341,174 1.10190 1.15344
1973 421,531 408,847 1.12445 1413084
1974 485,566 490,741 1.13949 S 1,13383
1975 553,000 549,793 1.18029 1.19427
1976 612,257 1.24447

L 1,23283



YEAR

1232
1953
1954
1935
1256
1957
1288
1959
1960
L 49t
19242
1963
1964
1965
19464
1967
19468
1969
1970
1971
1972
1973
1974
1975
1976

TABLE- 6.3 (continued)

e

44,9000
46,1000

48,2000

51,9000

554 7000
5748000

G57+6000

56,5000
54,6000

C E2T4000

52,3000

53,5000

54,4000
59 .8000
573000
G6.+6000
9%+ 3000

56.6000

57.8000

5841000

97 +5000
60,4000
63,9000
6441000
673000

COST MODEIL SIMULATION

LSI

A5, 3556
A5, 2933
47,0670
50,1976
55,2418
59,3525

57,5683

58,6924
54,3868

'5’3‘.’ 3 .“..J 08 '4" )
G53.8934

54,4621
L53.2731

- 53.8613
- 97.1826
98,7693

57,0335
57,6938

59.7921

56,7353
54,0555
58,7691

63,5512

64.5776
65,9881

ke

626.:600
690,400
764,900

871.300

289.900
1127.10

1280.00
1429,50

1579,10
17290
1860.,10

2004,40
2150,40 -

2283.40
2431 .20

2885.60

2734.00

288,00
3054,80

C3190,40

3334 .90
3494, 00

3653, 50

3808.90

3978.90

KSIM

T AL3.ERE

710,275
796,041

. 899,522

298.642
1108.22

T 12466446
- 1374.27

1538.75

PRS-

1860.81

- 1988.03
R2130.19

2296.16

2411.92.

2568.07
S R746,412
2919.27

3039.08
3242,48

3391.77

3482,09
3617.36
3825.18
4014,11
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YEAR -.

1952

1953
1954

1935

19356
1957

1988

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

TABLE 6.3 (continued)

COST ‘MODEL SIMULATION

=

42,4608 -
45,9759

9l.1042
G8.3350
679400

69.9111

77+1386

82.0533

B6 L2575
P1.1128
98,0741
103,402
104,337
113,569

118.468
116.547
122,307
143,302

144,569
168,413
173,292

186.73%9
186.361
185,036

199,898

MSIM:

41.7625

47,2488

G2.0978

9. 0338
65,0275
71.9437
7644566
81.3483
85,0842

?0.5109

97,5315

102,077
103,709
109,156
116,496
125,442
132,125

141,064

152,080
160.310
170,655
177 +47G

182,231

193,388
201,015

- COST

1754494
189,063

206,781

373.953

SR3L.105
262,066
292,383
320,120
- 380,012

. 395,652
424,319
458,487

484,499

CORE5. 068

80,788
628,030

- EP1.602.

791.828

PO0.2446,
- 990,847

1122.67

T1293.03

1516.85

1782.27.

2017.83

. COSTSIM

174,331
190,593

208,494
230,616
239,694

295,375

318.128
348,730
369,882
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325,012

428,302
458,290
478,470
518,139
575,634

T 642,292

709,137
798,358

915,227

- 982,940

1110.01
1268.52
1500,21

1774,17
- 2018.57
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TABLE 6.4

COMPARISONIOF.ACTUAL AND FREDICTED:TIMEASERIESH

QTOL o QTOLSIM

CORRELATION COEFFICIENT = 9988
(SRUARED = . ,9976

ROOT-MEAN-SQUARED ERROR = 7,706

MEAN ARSOLUTE ERRDR}: - 5,943

MEAN ERROR = | Laze8 | -

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = - . 1,000

THEIL'SIINEGUALITY COEFFICIENT = R f1441E»01

FRACTION OF ERROR DUE TO Bxas = | S ‘;30é85«02'
- FRACTION OF ERROR nUE TQ~ﬁlFFERENf VARIATION = ;1164g—02

FRACTIdN OF‘ERRUR'nUé TO DIFFERENT CUfUARIATIDN = Lo9sa

ALTERNATIVE HECOMPOSITIDN (LAST 2 CUMPONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF. hEGRESSION

COEFFICIENT FROM UNITY = L 9E7BE-04
 FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = . .9948
~ PTOL o  PTOLSIM
CORRELATION COEFFICIENT =  ,8324
(SQUARED = 4930
ROOTuHEANmSGUAREn ERROR = . 3387E~01
MEAN ARSOLUTE ERROR = | 2698E-01
MEAN ERROR = . =,3047E-03
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = JB143
THEIL*S INEQUALITY COEFFICIENT = = L1s69E-01
FRACTION OF ERROR DUE TO RBIAS = | - +BOPSE-04
"FRACTION OF ERROR DUE TO anFERENT'UARiATION = . 1449E-02

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = +2985

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS) . _
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION -
COEFFICIENT FROM UNITY = : « 105
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = 8949




TABLE 6 4 (contlnued) /56

COMPARISON OF ACTUAL -AND PREDICTED TIME SERIES

| | ) L l . nsm

-BORRELATION-COEFFICIENT = 19632~ |
o (SAUARED = ,9277 -

'ROOT-MEAN-SQUARED ERROR = 1,387
HEANvABQULUTE'ERRﬂﬁAm e 1,127
MEAN ERROR = o -, 6835E-04 | -
REGRESSION COEFFICIENT OF ACTUAL UN‘FREﬂiCTED = 9387
THEIL*S INEQUALITY COEFFICIENT = | © L1236E-01
FRACTION OF ERROR DUE TO BIAS = . .2430E-08
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = ,88815-62

?RACTION OF ERROR DUE TO DIFFERENT CO-VARIATION - 2911

ALTERNATIUE DECOMPOSITION (LAST 2 COMFONENTS) ~
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSIUN

 COEFFICIENT FROM UNITY = V5181E-01
FRACTION OF ERROR DUE TO RESIDUAL VARTANCE = 9482
K | - . KSIM
CORRELATION COEFFICIENT = = 9997 |
(SQUARED = 9993
ROOT-HEAN-SQUARED ERROR = 27,37
MEAN ABSQLUTE;ERRGR‘=, 23,19
MEAN ERROR = L -.3364
REGRESSION COEFFICIENT OF ACTUAL ON PREDICTED = L9944
THEIL®S INEQUALITY COEFFICIENT =  meszE-02
FRACTION OF ERROR DUE TO EIaS = L AB11E-03
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = \399RE-01
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = 9599

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS) .
FRACTIUN OF ERROR TWE TO DIFFERENCES OF REGRESSION.
COEFFICIENT FROM UNITY = W AT11IE-OL
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = L9547




. TABLE 6.4 (continued)

COMPARISON OF ACTUAL\AND;PREDICTED»TIME SERTES .

M
CORRhLﬁTION COEFFICIENT = L9953
 (SQUARED = 99064
RbOT—MEﬁNwSQUﬁREH ERROR = 4,595
MEAN ARSOLUTE ERROR = 3,309
MEAN ERROR = S L EB4GE-01

REGRESSION COEFFICIENT OF aCTuAL ON PREDI&TLH % .
THEIL"S INEQUALITY COEFFICIhNT =. |
FRACTION OF ERROR DUE TO RIAS = N
FRACTION OF ERROR.HUE»TO DIFFERENT VARIATION =

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION =

ALTERNATIVE DECOMPOSITION (LAST 2 COMFONENTS)

FRACTION OF ERROR DUE TO DIFFERhNChb OF REGRES

COEFFICIENT FROM UNITY. :
FhﬁCTION OF ERROR DUE TO" RESIDUAL VAR IANCE.

COST

CORRELATION COEFFICIENT =  .9998
TCSQUARED = .9996
ROOT-MEAN-SQUARED ERROR = 10,05 .
MEAN ABSOLUTE ERROR = 74117
MEAN ERROR = | 2107

REGRESSTON COEFFICIENT OF ACTUAL ON. PREDICTED =
THEIL*S INEQUALITY COEFFICIENT =
 FRACTION OF ERROR DUE TO EIAS =

FRACTION OF ERROR DUE TO DIFFERENT UARIﬁTiON =

FRACTION OF ERROR DUE TO DIFFERENT CUnUﬁRIATIDN =

ALTERNATIVE HECOMPOSITION (LAST 2 COMPONENTS)

:./57A

MSIM -

1,001
V1B6FE-01

L 1456E-03
 BERTE-0R

L9962

S8I0N

c1371E-03
9997

._COSTSIM‘

1,001

L 594BE-02
CAZPRE~03
L 1276E-02

9983

FRACTION OF ERROR DUE. TO DIFFERENCES OF REbRLSBlUN

COEFFICIENT FROM UNITY. = ‘
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE =

L 65BLE~0F -
L9989
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Part 7  EFFICIENCY AND EQUITY

‘Regﬁlafichmcfuﬁéii;ééﬁaéa (first by CTC and later by CRTC)i
has éérved tc.ccnscrain the éctivitics of this company. Clearly,
the. intent of such regulation is to serve the public interest
givcn the special (natu;al-monoéoly) characteristics of the tele~-
communications services. Fufthef, notions of both efficiency
and equity have played a role in determining the‘directicn;of
regﬁlationf Historically, both. the level cf prcfiﬁs (and'the.rate
of return on capital) and the relative price of services have been
monitored by the regulatory agencies in orderito cccure‘efficiency‘
and eduity in: the proﬁision of tclecommunications‘services.

- In the sections.whiCh'lelcw some of the results~of Feidstein
(1972) are used to formalize a method of examininélefficiency and
equity in the provicion of teleccmmunicationé services to re- A
sidential users in the Bell territory. The model is egpressed as
a system of équatiocs which is sﬁbsequently.used to simulate a set‘
of 'optimal' prices and outputs. Vafious definitions of optimality
afe examined. Oon theAcne hand, pﬁreiy efficiencylregulatéd (Rémsey)
prices are examined, Alternatively, prices"which‘include) in
addition, an'income—determined weighting of the well-being of
difﬁérenc classes of individuals are developed. In ali cases, the
simulated 'opcimal' pricesfare comparcd tc the~histofic pricesiand

the differences are discussed.
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Section- 7.1 The Model-

Con51der the general problem of ch051ng output prlces SO as
to maximize social welfare subject to a fea51blllty (profit-

ablllty) constraint. Formally, this problem can be wrltten.

[oe]

Max. W = NJ/' V(PL,Pﬁ,P,y)f(y)dy | 7 A(7.1)
subject to  W(P.,P,,y)5T 1.2
where: N = Number of household in Bell Territory ‘
| V = Indirect utlllty function of the representative
household
Py = Residential prlce of local service (nominal)
Py = Residential prloe of toll service (nominal)
P = Composite price of all other goods (nominal)
Ly = Household income, assumed to be the only
difference -amongst households
f(y)’='Relat1ve density function of household income

I = Profit function of Bell (oxr the regulated firm
in general) : : .

I, = Minimum required profit

In the above problem (which‘is posed'here’for residential
services only) all householdsahave idehtical breferehceé but differ
w1th respect to the amount of. income they have. Awelfare'(w) can -
beeh seen as the sum of utllltles of consumers over varlous 1ncome_
classesrweighted by the number of consUmers in these classes.

MaximiZation of (7. l) suhject to (7.2) is accompllshed by
first constructlng the Lagrange functlon.

L - f V(P By ,y> £y)ay + KEH(PL,PM,y) 1,1 (7.3)

Q

The first order'condltlon5<oorrespondlng'to an interior maximimum

are:

80 _yf v fay + AL =0 t=ImM o (7.4)
3 ., 8P, . 8Py |
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[ = M(P,Py,y) SN, =00 (7.5)
oA - : : , _

: , —dw* S .
The multiplie{g::%an e interpreted as dﬁ' >0 or the increase .

" in welfare arieing from reducing the minimum required profit by

i;iﬂiii_iﬂéEEE: Thus, EquationS’(7.4)>havelthe interpretatien that
ﬁriée is seﬁ‘where the decreaee in welfare arisin§~from réisin§~
,priCes.a smallAamouﬁt is just offset by the,secialwvalue*ef~thef‘
.change in profits of the regulated firm (Bell)

It is possmble to express the flrst order condltlons in a
' fashion which aids the explanatlon of the equlty aspects»of_the‘
model. ‘ | | |

Flrst, note that by Roy's Identlty

V. =-q; Y i=L,M é) LJQ*\ (7;6)'

L Y

‘As.well, the aggregatefdemand for goed i (Qi) is given by:

T A

Finally, it will. be noted that:
5T _ (MR, - Mmc,) °% i=1n,M o (7.8)
P, + Lt . ' : ‘ :
1

BPi | |
where MRi and Mci are respectively the marginal revenue .and the
marginal cost of service i. 'It_is assumed that cross price'elasr

ticities are o and it is further noted that MR, = Pi[l‘+ é* ]
' i

wheref?i is the price elasticity of demand for service i.

The distributional coefficient of service i is defined by:
R. =N J[éi v f£(y)dy ’ _ (7.9)

e =

As Feldstein notes:

"the ratio Rl is a weighted average of the marginal social.
utilities, each household's marginal social utility welghted .
by that household's consumption of good i. The. conventional
welfare assumptlon that 3V declines as y 1ncreases implies

Jy
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that the value of Ri will be greater for a necessity '

9 o

aq ,Z— <1)than for a luxury(Bq Y >]) . The higher the

Y 9 o 3y az' _

1ncome elastlclty of demand for a good, the lower the value
-of Ry (Feldstein, 1972, Page 33) .

Subétituting (7.9),(7.8), (7.7), (7.6) into_(7.4)’yields,

ey /7, 5y Gy
(PM—MCM)/PM~ eq (R

L (7.10)
M— ) '

Equation (7.10) represents the relatienship of optimalwdivefgences
of prices from marginal costs for local and message toll services
given both efficiency and equity_considerations. Given that

equity doesn't matter (Rp =Ry, then (7.10) reduces to:

(PL;MCL)/PL' .'EM SR " o (7.11)
(PM-MCM)/PM € :

Equation (7.11) is the Ramsey Rule Which’states that theepercentage
divergencehof priée'frdﬁ matginai cost for a serviee is inversely
related to the prlce elast101ty of demand for the service, - Alter-
natlvely, the optimal tax on a serVLCe ls hlgher as the elastLCLty
is lower. There is an element of discrimination lnrthe Ramsey ‘
‘Rule and it ie reminiscent of .the well—khown‘reSult that, under
normal-conditions,_e discriminating monopolist wili céteni&fpahibuz.
é%i;g a higher prlce in a less elastlc market. Cb@yﬁSQ ﬁki
Returning to equatlon 7 10 it w111 be noted that the right
hand slde ‘of this éequation is the same as the right hand side of .
the Ramsey equation (7.11) except for the scallng dlstrlbutlonal

.term(r : ) Iif equity considerations mltlgate the pure
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efficiency (Ramsey) price relatibnsﬁip then it must be the case .

that:

L0 <1, RpRyA>o | | L (7.12)

For the case of Bell Canada'services, local services have
lower price and incomé_elasticities than tollAserviceé‘and
thus R, > Ry. It follows then that if (7.12) is satisfied

it must be the case ‘the ‘RL-—}\[ < [Ry-A|or that Ry

is- absolutely |
closer to A than is R,. - - - C e o : ~r;

M

_{Be”

(} (\9 @ﬁ&- k? /V\ g/ l//,‘"/"f -
Do e v e“)L«- = 0O 0
) @2n . . T \/\C,.,\J\ . e 7 . AR Yo et
Ly Y T (Rwe ol T el
C \,7 Q) W dere
VA eI L s

%C/\A’ ) ‘Qp“\)ﬂl . ‘DJ
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Section 7.2 I Additienal‘Assumptions

In order to simulate the model described in Sectihn 7.1 .
and‘thereby determihe the'relationships-existing betweeh historic,
_Ramsey'and~efficiency-equity.@rices,hit is'necessary to intro—‘». :
duce'some'additional‘assumptions. These*assumptiohsvare cdnsistent'
with‘the foregdingreost and‘demand models aslwell:as applied
economic‘theory.

The first assumption is that the demands for local and toll

residential services can be written in the isoelastic form: - t§o G
00’ -\
9 =ay " P i=LmM | _ (. Y o« ‘

For the case of residential local services this poseS'no problem.
In fact, the estlmated parameters are glven in Table 5.2 as ar 337

and BLi—.395. It will be recalled however that there was not

sufficient data to. estimate the residehtial demand for tdll-services.

Thus, we assume that the price and 1ncome elast1c1t1es (B ,a ) can w%
Ank
‘ . , ¢
Hence, BM# —1.314_and‘dM=”.7873. The price series for. residentialigﬁwr.

. : . ‘ C, S Der
toll is assumed to~be the same as for business toll Con51stent Koo
A/l"'S '3'\

EQ
hpprefe
Oy MTs P”“" '
toll output with the factor of proport1ona§§%::determ1ned-by the.f!'><\

‘be approximated by the aggregate toll prlce»and ;ncome elasticities.

with thlS latter assumptlon is the assumptlon that the hlstorlc

quantlty of re51dent1al toll. services was pr0portlonal to total

ratio of‘residential toll revenue to total toll revenue.  Data on .
the busihesseand toll revenues. -was available.

The second assumption relates-td the marginal utility-of'

- money function %% . It is assumed that %g‘can be: wrltten in the
isoelastic form: | ' _
V. _ v - S (7.14)

3y - Y
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Equatibn'(7.l4) implies a'ﬁtility function- of the form:

'U=A-ky TN (7.15)
"A graph of e@uation~(7.15) is shown‘in Figure (7.1).' For eaéh

curve, an arbitrary scaling of U has to occur. The choice made is:

y = $1000 = U =0 =  k=(1000)""t

y = o = =1 > A =1.0
For low values of n, utility rises:very slowly with income, while
with high n it rapidly approaches the:bliss level (A). Other.
studies% suggést that a value of ﬁﬁl.7'maj be reasohable, and
from‘Figure (7.1) this seems consisﬁent. The simulétioﬂs in<§\'\<;7

¢

this report are_undertaken for a set of n, ranging from'l.Oxto .
5.0. | | Jodk
The third assuﬁption relatesrto the_choice éf the incdme

~ distribution function f(y). It is'assumed that income is log
normaliy distribﬁted.' This provides a‘reaéonable description

of income distributiqh in the Bell territory (Ontario and Quebec)‘
and allows for a stréightforward calculation of the equity-related

M L
tributéd then, (foliowing Theil P.85)."

parameters R and R.. 1In particular, ifvy~is log»@ormally dis-—

[oe] (o]

fye: £(y) dy = _fee Ln{y) f(y,)‘ _dy

(<]
o

| exp [0 In(y) + 3 SQ:OZ(Ln(y))] - (7.16)

where ©In(y) 1s' the mean of the log of y
O ‘ ' o - ‘
Fn(y)) is the variance of the log of y "

Using Statistics'Canada data (Cat. 98-505, 93-749) for~I96i and

1971 respectively, (total income of households by incoﬁe-of head

* . : . .
'For discussions on the value of the elasticity of marginal
utility with respect to income, see Baumol (1979), Baumol and .
Bradford (1970), Fellner (1967), Mera (1%69), and Powell et al
(1968) . a : )
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for Ontario and Quebec) the mean and.variance of:thevlogarithm
of‘income were calculated. Expressed in thousands of dollars,
the means were respectively 8.l4lSVand-é.Gl39_and the variances
were .7203'and .7174. The variance showed little change over
time and was assumed constant at the value .72. The means did
show‘some movement and a complete series of means for the sample‘
period 1952- 1976 was calculated us1ng the 196l and l97l values
and the growth rates in'personal consumption expenditure to
approximate changesiJlthe.means. | ‘
UsingleQuation (d,lG), the series'of_meansiand variances
iand~equations (7;l3), (7.124), (7.7) it;is‘possible to_calculate
the_distributional coefficients given by equation (7.9). An‘
example set of coefficients for thetcasevn=l 7 is presented in
Table 7.2. It will be noted that ‘R, > R for all years’ s1nce.

L M-

local services are less of a luxury than toll serVices (dL<dM)

The final assumption relates to the form of the profit
. constraint - In the model‘it is assumed that residential prices
for local and toll services are free to move towards the optimal
levels and that bus1ness prices and quantities for local and
toll services Will‘remain>at their historlc.levels., Thus, the
simulations can be viewed asfdetermining optimal'residential'prices‘
only. ‘In'keeping_with thisr the profit constraint is written:‘

R . . B

PrQp - + PMQM + I QL.-. HM QM + OR - _ 7 _
‘« P o ' T (7.17)
e L R B < R "B . ‘
-cosT (Q QL Oy Yy el 20
where H HM’ QL , QM' are the histor1cally determined prices and

quantities of business local and toll services and OR. -is the re-




/67

TABLE 7.2

VALUES OF DISTRIBUTION COEFFICIENTS (xlO-S)

R R -
- Local Toll _
_ ap = .3366 | oy = -7873
n=1.7 n = 1.7
1952 .30574 17612
1957 .}21776 ‘ 12544
1962 a7 | 10133
1967 | .1l06 | B - .06371
1972 .05831 - - .03359
1976 02378 | o137




maining revenue of competitive and miscellaneous services

fixed at historic levels. I is the historic profiﬁ’leVel;

p is a vector summarizing historic levels of factor prices and

technology. Finally; the cost function is such that changes in

residential lodal and toll services.determihe-margipal'éostffor
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these services. Of course, the cost function written in (7.17),'

~is the multi-output translog cost function estimated for this

project (4.1). As a last point it should be .noted that some
simulations were undertaken with the'assumption that the rate

of return to capital and not level of profits formed the bipding

constraint. The modifications introduced to examine these cases

are discussed in the body of the simulation part Of'this report.
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Part ‘8 =~ SIMULATION-

In this part of the report,:the results of‘simulating the‘
policy model'introduced in Part 7 are"presented‘- The goal of these
gSimulations was to determine the direction and relative size of
movements in res1dential toll and local SeerCEvprlCES where
these prices were allowed to optimally diverge from historic levels.

Four simulations were carried out.
a) = Pure efficiency (or Ramsey) price'simulation with marginal*

_serVice ‘costs assumed variable and an. isoprofit constraint.

b) _ Efficiency equity price s1mulation w1th marginal serVice

costs - assumed constant at the estimated levels and an isoprofit

constraint.f | |
c) "-Efficiency—equity price simulation*with’marginal service

costs assumed variable and.an»isoprofit'constraint-J
d) - Efficiency equity price s1mulation With marginal serVice costs

assumed variable and an iso rate of return ‘to capital

constraint.‘ |
In each simulation,; the model was solved at five Year intervals
(1952, 1957, 1962, 1967, 1972, 1976). For each simulation, the |
historical.values are compared tofthe‘simulated”results‘where such
historic'series‘ekist (eg. prices and outputs). Inhthe*case of
marginal costs the series preSented as‘thef‘actual’ corresponds‘to
the simulated values of thevderivatives ofdthe‘cost functioniusing ,
historic aggregate quantities and-factor prices. In the‘case of
residential toll the 'actual' series representsvthe'results-of the
scaling of aggregate toll” discussed in Part 7. To facilitate the
presentation of the simulation results, all of the equations

'correspondlng to the simulated models~are presented in<Appendix A-1.
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Section 8.1 Ramsey Simulation

The results of the Ramsey simulation are presented-in Table
8.1. For the Years shown - the global.solution te the_model was |
found. For 1976 (dnly)mlocal'eolutione arose and the results
are thefefore not reported. As well, before<terning to . the inﬁer—
pretation of- the results it is impertanﬁ,tolfeeail that income -
distribution plays no’role-in-deeerminiﬁg the(optimal price levels
in these simulations. - -

As can be seen from'Table (8.1), the priees'ef resideﬁtiai'
local services-increases and the.prices’ef toil services fall
relatiVe to historic levele. Although the changes in messege toll
prices and‘quantitiesﬁappear very letge, the changes ih message
toll revenue ere much more modest —_an,inereese ef 62% in 1967 'is
representative. The-resulﬁing relative di&ergenees in price from‘
marginal cost are indeed inversely related to the elasticiﬁies (see
7.11). Finelly, it is interestihé te:nqte that lecal ériee rise

by a smaller percentage then toll prices fall.




TABLE 8.1

-RAMSEY SIMULATION

71

ACTUAL | STMULATED:] ACTUAL .|  SIMULATED
POLR T e L —_ _
1952 . 8944 . 1.3137 1952 | 71.427 62.327
1957 .9032 - 1.3842 1957 | 108.796 '+ 90.495
1962 .9872 1.4636 1962 146.935 123,482
1967 11,0000 1.5959 1967 192.700 161.528
1972 ©1.0529 1.8358 1972 268,390 214,495
POMR QMR
1952 11,0643 .1937 1952 21.2819 199.228
1957 1.0616 .2048 1957 | 36.4276 315.552
1962 - 1.0414 .2176 1962  56.5409 441.756
1967 1.0000 .2066 1967 | 97.2000 764.187
1972 1.1019 - .2325 1972 }171.6310 1331.78
MC LOC MC TOL
1952 1.2237° 1.1404 1952 .2508 . 1860
1957 1.1372 1.0511 1957 .2447 .1900
1962 1.0187 .9348 1962 .2519 .1939
1967 .9387 .8428 1967 2349 L1773
1972 1.0488 ©.8442 1972 .2777 .1947

PQLR - Price, local residential
QLR Quantity, local residential

PQMR -~ Price, toll residential

OMR - Quantity, toll residential

MC LOC - Marginal Cost, local

MC TOL - Marginal Cost, toll
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Section 8.2 EfflClency Equlty Prices with Constant Marglnal

Costs and an ISOprOflt Constralnt

;Under_the conStantimarglnal cost and lsoproflt simulation,:

. the marginal costs were: taken as constant. This implies,that the

slope of the marginal cost is zero. Althongn,this is not strictly
accurate, theﬁresults presented‘earlier show that the marginal
cost elasticities are low. As well, constant marginal costs

yield rapid solutions to: the model and serve as a useful bench-

mark for the more complicated variable marginal cost simulationsQ

The isoprofit constraint requires that the profit level with
gimulated prices_and ontputs nust be the"samevas thé.profit level
achieved with. historic pricés and qnantitiesg- »

The‘reaults are pfesented in Table 8.2. _Colnmnvxl) of Table )
(8.2) shows the historical &alues. Column (2) shows the quantitiea
of local and toll re51dent1al demand that- result from 51mulat1ng
the two hypothesized.demand equations separately.with historic price
data. Columns (3) through (7) show the results ofvsolning the |

model; with the wvalues of h shown. The results showfsoma directional

csimilarity to the Ramsey case, but the price and quantity movements

are not as extreme. Residential local service output is reduced,

while.residentialvtoll output is greatly‘inoreased. tThe effect

is largést fot low n, and declines -as n increasés,* h |
At the n value of 1.7; local servioea output isfrédnced by

7 to 8%, while toll output is increased by approximately 400%.

The toll increase translates into a revenue increase of only 35%

It will be noted that the llmltlng case ngo is . just the Ramsey
case.
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EQUITY MODEL 'SIMULATION; -CONSTANT-MARGINAL COST, TISOPROEIT .

 5ﬁM£ND: : iéiﬂégéﬁigﬁ
SIMULA~- ' . — - —
ACTUAL TION |- n=1,0 n=1;7" n=2.5 n=3.5 T n=5.0
PQLR ' " | ‘

1952 . 8944 1.0133|°  .9761 | - .9451 |  .9191 .8977
1957 .9032 1.0807 1.0359 | ..9986 |  .9986 .9410
1962 .9872 ©1.1912 1.1425 | 1.1021 1.0359 1.0408 -
1967 1.0000. 1.2852 1.2266 | 1.1782 1.1380| - 1.1048
1972 | 1.0529 1.2809|. 1.2082.| 1.1483 1.0988 1.0853
1976 1.1992 1.5640 1.4534 | 1,3626 1.2873 1.2255

QLR
1952 | 71.427 | 72.559| 69.064 70,093 | 70.994 71.780 | 72.451
1957 [108.796 |107.133| -99.798. | 101.480. | 102.965. | 104.273 | 105.409
1962 |146.935 |144,285| 133,955 | 136.185. | 138.136 | 139.838 | 141.302
1967 |192.700 - |194.314| 175.965. | 179.243. | 182,118 | 184.633 | 196.805
1972 [268.390 |267.216| 247.290.| 253,071 | 258.209:. |262.752 | 266.683
1976 | 342,721 |343.440| 309.210 | 318,304 | 326.533 |-333.950 | 340.505
- POMR
1952 1.0643 .3100 3579 .4176 . 4979 .6215
1957 1.0616 .3136 3609 .4198 .4983 - .6182
1962 1.0414 .3353 .3855 | . 4475 .5293 .6524
1967 1.0000 .3215 ©.3689 4271 .5035 .6176
1972 1.1019 .3785 .4329° .5001 .5890 | L7232
1976 1.2447 .4019 . 4584 .5283 | . .6213 .7629
o
1952 | 21,282 21.232| 107.362. 88,907 72.575 57.609 43.044
1957 36.428 36.316| 180.299 | 149,874 |122.890 | 98.101 |  73.895
1962 | 56.541 56.446) 250.219.| 208.299 |171.265 |137.360 | 104.348
1967 | 97.200 96.232| 427.405 | 356.778 |294.333 |237.098 | 181.270
| 1972 | 171.631 | 172.367| 701.886 | 588,284 | 486.716 |.392.572 | 299.737
[+ 1976 | 282.382 | 285.993/1263.17 [1062.52 [881.809 |712.633 | 544.116
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for 1967. The impliéatiohs of this are-discuSSed latef:

Overall; the eqﬁity considerations restfict-thé rise in local
prices'ovér“the Ramsey levels. Asxn rises the:marginal:utility'
Qf'money'falls~more quickly'as:income.increaéeS‘and'thévovérall
result in these simulations is to move prices'closér-td their'
historic levels. Nonetheless, the;simulated price of toll remains

well below the historic level.
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Section 8.3 - Efficiency-Equity Prices with Variable Marginal

 Costs and an Isoprofit Constraint

Thisisimulation is Similar to the constantumarginal cost
‘simulation,of>Section 8.2 except‘that the marginal cost of local
and’ the marginal cost of;toll are'allowedrto vary. The isoprofit
constraint againArestricts tﬁe profit to‘be'n0~lesS'than the
historic level. The results are shown.iﬁ Table 8.3. o

A very similar‘patterh emerges from_Table (S,B)fas was seen
in the constant marginal cost simulation. Residential toll output
‘vincreases greatly,'while res1dential local output decreases as
n increases. - For. any given n, -the effect isislightly-greater
than in tﬁe constant marginal cost case. The reason for this is
that.even though_toll marginal costs-are'relatively'constant, |
local has declining marginal costs.l This can be seen inATable
(8.3), for the n=1.7 case. | |

‘The effect on revenues,and'costs of such a large. increase
in toll guantities are‘relatively small. For 1967, n= 1.7, costs
increased by 12%, as did revenues, since profits are constant. This
result arises because the marginal cost of toll is quite small—
about .25. It will be recalled that our marginal cost estimates

correspond reasonable closely to those of Bell.
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EQUITY*MODEL-SIMULATION - VARIABLE MARGINAL' COST, ISOPROFIT

'Simulatidnvv
TDEMAND »
, SIMULA~ o :
ACTUAL | TION. n=1.0 n=1.7 n=2.5 n=3.5 n=5.0
POLR | o : o o
1952 .8944| 1.0570.| ©  .9969 | . .9527 |  .9205 |  .8973
.»1957 .9032 1.1194 ‘]_‘.05_05 1.0005. ‘ : ‘.9640‘:- “'-9_3.76.
1962 .9872 1.2416 1.1644 1.1084 |- 1.0675 | 1.038l
"1967 1:0000 1.3595 1.2621 1.1915 | 1.1398 | 1.1026
1972 . 1.0529 1.4057 1.2769 1.1824 7 1‘.1127 | 1.0619
QLR
1952 71.427 | 72.559] 67,899 69.513 70.770 71.738 | 72.465
1957 108.796 | 107.133| 98,418 100,921 {102.887 |1l04.412 105.564
1962 | 146.935 | 144.285| 131,780 135.169 137.828 |'139.890 | 141.446
197 . | 192.700 | 194.314 172,098 | 177.227 | 181,311 .|184.515 |186.955
1972 | 268.390 [ 267.216| 238,370 247,601 | 255,240 |261.446. | 266.318
1976 342,721 | 343.440] 296.123 310.036 321.907 " 331.859 339.915
PQMR
| 1952 1.0643 .2703 .3290 . 4005 4924 | .6254
1957 1.0616f .2837 3435 |, ,4161 .5092 .6434
11962 1.0414)- .2984 .3607. L4361 .5324 .6707
1967 1.0000] .2801 .3306 .4085 .4990 .6292 |
1972 L.1019 - .3180 . 3810 .4584 .5590 .7060
1976 1.2447 .3417 L4064 L4861 5907 L7455 |
OMR | : |
1952 21.282 21.232| 128.584 99.304 . 76.686 58,451 42.697
1957 36.428 | 36.316| 205.621. | 159.956 -~ | 126.327 95,346 70.123
1962 56,541 | 56.446| 291.676 | 227.391 177.187 | 136.291 100.636
1967 97.200 | 96.232| 512,252 400.145 312.029 |239.913 [176.897
1972 171.631 | 172.367| 882.290 .| g95,.749 545,681 420.425 309.366
1976 282.382 | 285.993|1563.34 1244.77 983.717 |761.557 560.894
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. PABTE 8.3 ‘(Continued)

ACTUAL SIMULATION | ' ACTUAL |  SIMULATION
MC LOC N = 1.7 MC' TOL N = 1.7
11952 1.2237 1.1503 1952 .2508 .2251
L 1957 1.1372. 1.0741 1957 2447 .2285
1962 1.0187 .| .9603 1962 | . .2519 .2316
- 1967 .9387 - .8767 1967 | .2349 L2111
1972 1.0489 .9152 1972 | .2777 .2348
1976 1.2150 1.0043 | 1976 .2951 .2485
COST LAM s
: T » x1l0 ~
1952 164,046 179.477 - | 1952 | : . .3010
1957 268,111 292,138 | 1957 - .2239
1962 381.722 417.185 1962 ] Lisiz
1967 564.106 . 633.166° | 1967 . 1 L1258
1972 1020.99 | 1130.52 1972 | | L0677
1976 11828.54 | 2053.57 | 1976 |  .0280 .

PQLR

. QLR

POMR .

QMR

- Pricé,.localifesidential,

- Quantity,_local.residential
-—:Price,‘toll.fesideﬁtialv

- Quantity,.toll.reéidential

MC LOC- Marginal cost, local.
MC TOL= Marginal cost, toll.

CoST
LAM

.= Cost, sealed by ratio

=~ Language mulfiplier
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" Section 8.4 . . Efficiency-Equity Prices with Variable Marginal

Costs and an,Iso—r;te of return Constraint .

In ﬁhié last simulation, the iéo—prdfit conétraintJis replaced .
by an iso-rate of return.constrainﬁff The rate‘offreturﬁ‘on capital
that‘Bell‘makes in‘this\simulation is*not}permittéd ﬁofbe less
than the historical rate of return.

For this éimulqtidﬁ, the'profiticonStfaint éqﬁatioﬁ is
dropped andvﬁwo addiﬁionai equationé>are-édded.u o
(1) Siderrder condition for share of capifal —,Equatibh'(4.3)

(2) Actual rate of returnA(RRK) |
R R B

Lot Py Qp t L9 t My 0

'+ OR -COST + rK)/K

B

RRK = (P. O - :
L Mo (8.1

In this simulation!othe.level of capital services is simulatedil
in addition to priceS-and quantities. | | |
The results for this,Sihﬁlaﬁion are shown in Table. (8.4)
for n = 1.7. ‘It is clear that there is essentiaiiy.no difference
betWeen.this simulatiOn and the variable:marginal‘éOSt and'isoF
profit simulation. Oﬁe'poin£ of interest is that since toll econo-
nizes on.capital relative'ﬁo locaviCRQMié;—.0826, CRQL~= .0360),
an increase in toll output and a decline iﬁ local outpﬁt fesults

in less capital being demanded. Of course this is a long run effect.




TABLE 8.4 _

EQUITY MODEIL SIMULATION - VARTABLE MC, ISO-RATE OF RETURN

Note:

POLR OLR PQMR QMR
ACTUAL ‘SIMULATED ACTUAL SIMULATED - ACTUAL “SIMULATED ACTUAL SIMULATED
1952 .8944 .9830 71.427 69.898 1.0643 .3270 21.287 100.082
01957 .9032 1.0373 108.796 101.426 1.0616 . 3417 - 36.428 161.042
1962 .9872 1.1375 146.935 136.421 1.0414 . 3576 56.541 | 229.976°
1967 "1.0000 1.2336 192.700 178.836 1.0000 . 3354 97.200 404.297
1972 1.0529 1.2761 268.390 247.658 1.1019 .3809 171.631 _695.940
1976 1.1992 -1.5631 342,721 . 309.274 1.2447 .4073 282.382 41241;25,
’ MC LOC MC TOL- ’ COSTX o KX
ACTUAL | STMULATED ACTUAL SIMULATED ACTUAL SIMULATED (ACTUAL SIMULATED
4 . , : , L
1952 1.2237 1.1494 .2508 .2246. 164.05 180.08 585.72 | 510.59
1957 1.1372 1.0729 .2447 .2286 268.11" 292,91 -1033.54 888,31
1962 1.0187 .9581 .2519 .2306 - 381.72 . 418,97 1673. 37 1529.40
1967 . .9387 .8743 .2349 .2103 | 564.11 635.45 2322,42 12155.09
1972 vl;0488 - .9151 2777 .2347 1020.99 0 1130.62 3032.84 2940'06:
1976 .| 1.2150 1.0055 .2951 .2488 1828.54 2051.94 3605.65 '3488.20
PLOCR - Price, local re31dent1al
QLOCR '~ Quantity, local residential
PTOLR -  'Price, toll residential
QTOLR - Quantity, toll residential
MC LOC - Marginal cost, local
MC TOL - ,Marglnal cost. toll
. COSTX - GCost, local and message toll output (scaled)
KX - Capital, local and message toll output (scaled)
Simulated values for n=1.7

6L/V
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Part 9. CONCLUSIONS

in,this.report,’3 models were presented.in order to examine
demand, productlon and soc1ally Optlmal prlClng. The demand and
productlon models ylelded prlce and income elastlclty estlmates
“as well as the structure of the cost‘functlon from which marginal
cost functions could»be deriVed.  This-information was combined
with a range of poss1ble values of a parameter (R) representlng
dlstrlbutlonal cons1deratlons of‘soc1al welfare/ based on the
ehoice of‘the‘ineome elasticity of marginal.utility of money (n).
Thevresultant model was simulated to determine "optimal" prices
for residential users'of'Bell‘s services. |

All the scenarios yielded the same directional’resuit, but
differed with respect to-degree.; Cembared to‘historic prices,
the "optlmal" resldentlal local prlces were higher, whereas the
"optlmal" res1dentlal toll prlces were.much .lower. The intro-
duction of dlstrlbutlonal consmderatlons (n#0) mlt;gated.the
rise in local prlces and the fall in toll prices. This dampening.
effect increased as drstrlbutlonal con51deratlon became more
important (n increased); Overall, it seems reasonable to conclude
that social welfare would be lmproved by a small increase in the
price of residential local, and a relatlvely larger decrease 1n
the price of_residential toll.: This result was derived under the
assumption tnat Bell's historicsprofit levels were‘retained.

The conclusions drawn here are consistent with results’drawn
by Rholf. ‘Roﬁlf-Concluded thatteconomically efficieny Pricing
(in the ATT system) wouid result in an 80% inerease'in the price’

of local serviées,»and a 50% reduction in the price_of'long distance

rates (approximately). These results were based on Ramsey optimality,

and excluded equity eonsiderations.
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Quéstidns.regarding‘these reéultsvmay arise for a number of:-
reasons; It may be argued that;'g |

a) The demand'elasticitiés ﬁsed are ihcotréct; This is ahA
empiricai.matter. HoWeﬁéi it is intefeSting>to note that thlf;S
(similét) results)were aérived using much‘lOWe: elaétiéities.

, :b) The marginal cost‘éstimates were incorrect.ﬁ ThisviSSueK
was discussed in the body of the report. A 20% Chénge‘woula not
affect the conélUsiénS drawn in this report. | | |

-c)_The>siﬁulationArESults are outside the sample range;: In
principle this is a valid criticism..(ﬁowevér thé‘substéhce of
the results remain ﬁnaffected by restficting the rande of poésible
price movement- as in; for éxample, the edonoﬁic grédient mefhod“'
of Willig and Bailey. Thié interesting applicatiqﬁ:of‘tﬁe.f
economic gradient‘methodlariées in problems wiﬁh three or more
variébles. B . _

d) The prices aré notAglobally optimal. In this féport, only
residential price changes wefe cohsidered; busineéé:pridesAwere
taken as exogenous. The ihability to treatVrigorously‘intef—
mediate goods in a welfare model_with a production function>nbt
characterizéd by éonstant returns to scale motivated thié aﬁproach.

e) The suggested price changes cannot bélimplemented.‘ Local
residential and business billing oécur separately/fénd,ﬁhe:efore
present no problem. . Since the présent toll rate structure is the
same, irrespectivé of usé;,lthe préposed decrease in residential
message toll raﬁes could be impleﬁented by a reduction in the
rates of of f-peak periods (nights, wegkénds), where residential

usage is proportionally high.
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APPENDIX Al

This appendix contains all the equations utilized in
the optimal pricing models. As well, a definition of each
model in terms of the equation and endogenous:variables is

provided;




' EquatiOnV4.l”3‘INPUle:2'UUTPUT (SYMMETRIC) TRANSLOG COST FUNCTION

~COST FUNCTION

4.1 ‘ AnC = C"C'O + _Cwﬂ,nv} | + C.I_E,nr: + chnv  + CTEnTV +‘ CQLRJnQL + CQM!LnQM
+32nw Ewwlnw +‘er£nr‘ ’+ va!an + CWTSLnT + CwOLLnQL + CwQMQ’nQI‘Z‘
+i%nr Ewrknw + Crr!}nAr + Crvln\_z + chgnTv + CrQLRn'QI.' +ACrQMJLnQM

A+%2nv' :valnw + Crvinr‘ + c?vzny + chzn? ’f ngLGQL + CVQMgnQn;.T
+34nT %Wi,gnw + C_pinr + Cv,i,knv + C'TTQ,nT + QLT nQL + CQMTQﬁQﬂ ,
+%2nQ; i%QQLGw +ZchLGr +_chprv + CoprtnT +' OLOLGOL + anzfnoég”
+34nOM :éwQMlnw + C_opbnr + Co Anv + C...AnT + C EnQL + OMOMQnOJ

rOM o) SRR e o) (0} %

SIDE ORDER CONDITION FOR CAPTITAL

4.3 K. o 4 ' s + C_,AnQM
c Cr + erlnw + C R,nr + C E,nv + C !LnT +C QL nQL rOM nQ
MARGINAL COST GF LOCAL
B e S L |
4.6 o oL ('(')'f,) [ OL CWQL!an + CrQL?'nr + C VoL Env + C !LnT + CQLOL!LnQL +
: a : - | : o . C... - %nQM

MARGINAL COST OF TOLL SR - - QMOL ]

4.7 - - ' : MC = ¢ lc.. +c WO C o8

' ‘ oM = [QM ' w n nr + C Q Q,nv + CQ AnT + COMQLEnOL-!-
QMOMznO%

€8/



RESIDENTIAL LOCAL DEMAND

4.24 | | s 1n | | '
. 1 LR) = RA_ + RA. In PQLR) + RA, 1ln (_X_I_D__) : + RH . 1ln (conv
RQLR) = RRg T By (’“c":'fi‘ 2 7 \gpz/ * RR3  1In(POP) + R, )

* RDy -Dgg *RDy Doy

. PROFITABILITY CONSTRAINT

. . - ... R . . R B . . B + R
7.17 POt PyQy n.o -+ I, QF +0
—COST (Qp " + Qp /Oy + QM;,p)z yo

RATE OF RETURN CONSTRAINT

R R A, B B -
8.1 RRK = (P O 7 + By O kI Q7 4+ Iy 0yt

+ OR -COST +- rK) /K

RESIDENTIAL TOLL DEMAND

o |\ CPT CPI )
, o p
+ BD,.Dyg+ BD,.D. + &n REYMR
s 2o (REVMR FREVIE

Ai.l g (o) =B+ Blﬁn;PQM>+ B2£n</YDx + B32n(POP)
- | . 'S o

where"'REVMR 're81dent1al message toll
: , ' revenue ,

REVMB business message toll revenue

8/



1ST ORDER CONDITION-+FOR RESIDENTIAL LOCAL

. ) NI
.Al.‘ = . - . -1
2 P LAM.BL ‘PL l 1 +81 MCLJ Ry

- L

1ST ORDER CONDITION FOR RESIDENTIAL TOLL

Al.3 - PM = LAM "BM PM [} +El_ - MCM RM

LOCAL IDENTITY .

R B
al.4 o = of + 0o

TOLL IDENTITY

c8/



1)

2)

s |
|

Equations:

"~ Ramsey Model, iéo—profit;'Yariable marginél cost

Cost functioﬁi

‘Marginal cosf‘of local
Marginal cost of toll -
Demand for reSiaential_local

Demand for residential toll

. 1st order cOndition;fOr residential local

1st order condition for residential toll
Profitabiliﬁy constraint
Local identity

Tgll identity- . (RL =-BM)

Endogenous variables:

4R R o |
COST,MCp MCy s Qr ™/ Q1 Qp, s Qe Pr,rPpyr A

Equity Pricing, Iso-profit, constant marg;hal cost .

. Equations:

Cost functioh

‘Deﬁand for residential local

.Demand for‘reéidential toil"

lst order condition for‘residential'loéél

lst order condition'for residential téll

Profitability.constraint

Local identity'

" Toll identity

Endogenous variables:

ROR o o |
COST'QL ,QM ’QL’~QM’PL'PM’)\'
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73) Equity Priciné, Iso*pfofﬁt, vaiiable ﬁaigin&l‘cdst
.AEquations:'
Cost.function 
Maréinal éost of locél
‘Marginal cost of toll
Demand for residentiél local
1Deménd~for residenfial toll
lst order.condition’for residentialilocai
lstrorder condition for»residéhtial toll
- Profitability constraint
Local identity
.Toll identity"
VEndOgénoﬁsivariables;

_ ' R __R . | ’
COST,MCyp ,MCy, Q1 ™, Qy ,QL,VQM,PL,)PM,)\

4) Equity pricing, iso-rate of return, variable marginal cost

Equations:

Cost function
Marginal cost of local
Margi@al cost of;toll 
bemand“for residehtial;local
‘Demandifor residéntiai‘toll 
:  ist order conditionrfor‘residentiéi lécal
1st order condition f6£~residential toll
Side.order condition_for capital_
Rate of return constraint |
Local ‘identity o

‘Toll identity
EndOgenous'variables:

- e oo R, R g | '
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