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1.  Puxpose

This study purposes to evaluate the interaction of
the productive factor and financial characteristics of
telephone carriers. A medel is developed, estimated,
and simulated depiéting the interaction of the corporate
decision mechanisms with regards to pricing, output,
factor and financial reguirewments. Conclusions are drawn
as to the nature of the determinahts of demand and hence
revenues, the nature of the production processes, the

ability.of the carriers to affect the costs of their al-

ternative financing instruments, the form of regulation,

and finally the ability of the model to simulate the

)

Ih

Rell Canada.

agt hehaviounr ¢
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2. Structure

A general theoretical model is developed of a pri-
vately owned telephone carrier whith maximizes profit.
The profit maximizing utility is envisioned as being a
monopolist in itS product, and a competitor in it's
labovr markets. The céfrier is financed by both debt
and equity and has some degree of wmonopoly power in these
financial capital markets. Indeed, this is one of the
novel elements of the model, in the sanse that the firm
is able to influence the rate of return to debtholders
and shareholders. Because of tha impevfectionsg in these
markaets, there is a difference between the average costs

of the different methods of financing and the marginal




ey

VI.

osts of financing, with, of course, the marginal costs
‘being the elements which are used in determining the
portfolio composition. There  .is a tax on the nel income
of ‘the firm, with interest payments on debt being tax

empt while dividend payments are not. This fiscal
policy influences the relative‘marginal>costs of debt
énd equity and so affects the.leverage and'capital bud~
‘get decisions. Finally, in the general model the utility
is restricted as to the ma*imum'rate of return obtainable
on the physical capital stOﬂ“, which manifests itself
in the constraint that the market factor price of cépital
must be less than the allowed prlce of capltal Having'
developed the gcnercl model one must proceed to estimate

the various relationships which form the structure.

Demand functions are estimated for Be J] Canada
British Columbia Telephone; the aggregation of Alberta
Government Telephcnes, Edmonton Teiephones, Saskatchewan‘
Telocommunications,‘and Manitoka Telephone System, which
are referred to as the public companies; and finally we
aggregate Maritime Telegraph and Telephone, New Brunswick
Telephoue and Newfoundland Telephone, wvhich we refer to
as the private companies.  For each set of carriers, we
specify’three types of demand eguations, the linear,
the double-log, and the Potterdam models for different
revenue categories, the most important beinq total, lccal,
and +toll revenues. The main determinants of demand are
the prmce_ax a particular service divided b? the price

. }

index feor the region in which the carrier has the juridic-~
tion to operate, and income divided by thée price, with
the latter two variables being geographically specific to

the operations.

o g

}
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The ploduCtlov module is the section where the

JCldtlonuhAr“‘bGtWﬁ‘ﬂ output, inputs, and technologi-

cal change are estimated for Bell Canada, British -
Columbia 7Telephone, the private éompaniesAand the public
companies. We estimated Cobb-Douglas production func-
tions and experimented with_conéﬁant and variable returns
'tp scale. In acd1L¢on, two mesasures of technological

change are defined, percentage of calls direct distance

dialed, and the percentage of telephones in number five

crossbar and electronic switching systen.

“

The financial module encompasses the estimation
of the determinants of the rates of return on debt, ‘ .

common eguity, and preferred shares, for Bell Canada,

am e

2 0 Fvimy o wa el ) ey = S et e Ay NIy ey
B.Z. Telephone and tho private carricrs. Cbvicucly,

due to the nature of ownership of the public companies :

rate of return equations, whi.ch summarize hypotheses

>concerning financial capital market Sttucture, are rather

less important, and meaningless with regards to eguity .
financing. We experiment with the form of the functicn, -
the manner which debt and eguity enter the equations, » ERE
and we use variables representing alternative assets such

as the leng-term corporate bond rate, and the long-term

)

government bond rate,

4

Finally, we integrate the general model with the

stimated equations and parameters from the demand,

production -and financial modules. This integration is

~
r-

performned for Bell Canada, by fax the most important

talephone carricr, and simulation exp011m ents are carried

out for the period 1955-1975. These sinulation experi-

wents are in two parts; one part assumes that Bell Canada
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does not have any determining .influence on the average
costs of its different financing instruments; the second
segment allows fox monopoly'péwer (which is clearly shown
to exist in the financial module) on the part of Bell

to influence theése financial costs.

3.. Conclusions

3.1, The Theoretical Model

l. The capital constraint (the
market value of the balance sheet) is an impor-

tant element in the integration of real and

1 3.01E .

' '2; Imperfections in.the financial
capital markets manifest themselves through the
ability of the carrier to influence its average:
aosts of financing and thus create a distinction
belbween marginal;ahd average costs.,

3. The determination of the corpo-
‘rate output supply, labour, debt, and equity demands
are simultaneously‘determined. , |
' 4. The integration of the 1real
and financial aspects of the firm imply that the
determination of the cazpital budget is equivalent
to the determination of the value of Physical

capital,

3.2 "The Demand Module

Bell Canada

The double-log model yielded a price elasticity of

g Say Oy SN Oy OGN G0 OnG OB OB W Oy AN am B Oap O Om
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total demand equal to -~1.3 and the income elasticity
. 8.
"normal neccessity" from which marginal revenues are

is Thus Bell services can be considered a
positive.
R.C.

_ Telephone
The double-log mcdel yielded a price elasticity of

total demand eqgual to -1.1 and an income elasticity
of 1.1.

dered a "normal necessity",since the income elasti-,

Thus B.C. Telephone services can be consi-

city is close to unity. Here.also the marginal
revenues are positive. ‘

The Public Carriers

The linear model yielded an average price elasticity

~3.1 and an averayge income

of total demand egual Lo

'oLagfici+y ot L.2 and a0 these services are .considoyod
a "normal ivxury", from which marginal revenues are
positive. :

The Private Carriers

The double-log estimates of the price elasticity'of
total demand is --1.4 and the income élasticity is
1.3.

carriers are considered a "noxmal luxury"

So, cnce again, ltelephone services of these
by their
customers, who at the margin

to the

contribute positively

carriers' revenues.

The Produchion Module
Lell Canada
irhe Cobh-Douglas fuanction with capital, labour,
and raw materials as inpucs and direct distance

dialing as the measure of technological change,

characterize Bell as having constant. returns to

scale. The labkour elasticity is .6106, thoe capital
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elasticity is .305 and the materials elasticity
is .079. |
' "B.C. Telephone

The constant returns te scale Cobb-Douglas function
with capital, and labour as inputs, and B.C.'s

direct distance dialing as the measure of technolo-

gical change, yield a capital elasticity of .625

~and a labour elasticity of .375.

The Public Carriersg

The carriers are characterized by decreasing returns
to scale, and the two factors Cobb-Douglas production
relation, gives a capital elasticity of .200 and

a labour elasticity of output of .600.

Tha Private Carriers

These carriergs e¥hibit constant returns ©o scale with
a capital elasticity of .557 and a labour elasticity

of .443.

The Financial Module

Bell_ganada

The rate of return on debt equation was linear in.
the logs and both the composition and the sum of debt

and equity influence this rate, In addition, although

“the equity rate of return ecguaticn was linear, hoth

the compositicn and the sum of debt and squity infiu-

ence the eguity rate, and corporate. bonds are viewed

£

as belin

an alternative to holding Bell's shares.

B.C, Telaphone

The rate of return eguations show us that B.C. Telcphone

exhibits some degree of monopoly power in the market

;

R
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~foxr its common shares, in which the composition

of debt to coﬁmon equity and the Cdmposition of
preferred to common equity rlay the dominant role.
On the other hand in the debt and preferred share
markets the degree of monopoly power exerted by
this carrier is insignificant. ‘

The Private Carriers

These carriers do exhibkit monopoly power in their
common share market where the composition of debt
to common equity, and preferred to common equity,
along with the corporate bond rate, determine the
rate ofhreturn on common equity. In a similiar °
fashicn the private carriers exhibit some influence
on the rate of return of their preferred shares,

and on debt. .

The Simulation Module

The results of the simulations are,

indeed very encouraging. The difference between the

simulated and actual values for the period 1.955-

1975, is generally around .3%. Thus, the accuracy

y which are model reproduces the chafabteristicg
of Bell Canada establishes the fact that we have
captured the essence of the behaviour of a privately

owned regulated carvier.

Mature Research

There are avenues in our model where,
data permitting, disaggregations will be feasible.-
These disaggregations can occur in the supply of the

~ritoduct, instead of total services for cexample, one
}.‘ 7 o




“areas in which gimulation exercises are to be per-—

‘maintaining a fixed debt/equity ratio, rather than

XIT.

can use local, and toll.- One can also deal with a
greater crefinement of the different types of fiinan-
cing instruments, along the lines of different classes

ot.debt, and preferred shares.

There are important forecasting and
simulation experiments that can be performed with

this model. We envision, at least, four important

formed. The first pertains to the regulatory
aspecﬁ; What is the impact on production, debt,
eguity, and the ihputs when the firm faces a market
rate of return on its‘physical capital rather then
a regulated rate. Secondly, what are the effects
Of an excyenedus chalige in Lhe produciion capabili-
ties of the firm, for example a change in product
mix or a change in factor intensity, such as the
carrier becoming more labour-intensive. Thirxdly,

what is the impact if the firms are subject to

one which is self-determined by the decision-making
of the firm. Finally, what is the effect'of,an
institutionally fixed level of investwment while the
debt /equity ratio is free to vary according to the

optimal behaviour of the f£iim.
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The purpose of this study is to evaluate the interaction
of the product and facter reguirements with the financial needs
for important carriers in the telephone industry. A model is

developed, estimated, and simulated, depicting the interaction of

the COIporate,real and financial decision mechanisms.

In recent years the telecommunications sector, in general,
and the telephone industry, in particular; have been absorbing
a significant proportion of Canada's resources. This phenomenon
may create severe problems for telephone carriers' and policy-
makers in the future development of the industry. Thus, a sys-

tematic analysis of financial and real needs will aid decision-

makers in the assessment of corperate parvformance with respect to
\
pricing policy, to labour, phyeical and financial capital needs.

_The nature of the study necessitates that we must simaltan-
ecusly investigate the determinants of revenues, produétion,'and
labour hirings, along with the financial considerations. Indeed,
demand betaviour and technoiaqy are integral parts in influencing
the size and composition of financial resources. Consequentiy,
in Chapter 2, we develop a general model of régulated corporale
activity with explicit recognition of the:potentially important
feedback wechanisms between roal‘énd financial conegiderations.,

In this model, we can isclate three fundamenial aspects which

datermine financial needs: tho natuwre of demand, the cheracteristic

of production, and the determinants of the vates of return on the



various financial instruments.

The study ig then divided into three Ffurther Chapters,

which are referred tc as the Demand Module, the Production Module,

and the Financial Module. In these Chapters, we isolate the

three important parts of

econometrically test for

duction, and rate of return characteristics.
T !

The general description of the sub-modules are:

1)

2)

The determinants of the demand for telephone
services, on a disaggregated (such as local,

toll, etc.),as well as, aggregated levels.

The determinants of  the production relations
for telephone services, which will depend on
the firm's demands for labour and capital

services, in light of its technological capa-

bilities.

The determinants of the rates of return on debt

and équity capital, in the‘context of any‘monow
poly power exhibited by the particulgr catrieré.
These rates of return will in general devend on
the valug of debt and equity, ilssued by any carriern

along with varisbles which measure alternative

poctfolio endeavours for the investors.

The last Chapter of the study combines the empirical

the general model, in order that we can

the actual determinants of demand, pro-

\




results of Chapters 3,4, and 5 wi#h the general model, in order
that we can simulate the corporate historical developments
utilizing oﬁr:modél. The simulation Chapter will focus sclely

on Bell Canada, which_bﬁ far is ﬁhe most.ihportant telephone
carrier in Canada. The simulation module consists of the esti-
mated relatiqnships from the demand, production, and financial
modules, as well as, the coptimality conditions, which areAderived
ffom the general model. This system of equations is then solved
and the appropriate values of the endogenousnﬁariables are deter-
mined. A flow chart illustrates the ecconomic feedbackvmechanisﬁs

that occur in our model.
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CHAPTER 2

THRE GENERAL MODEL
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1. Introduction

In the past, researchers have focused on the elements

‘determining the demand and production characteristics of the

telecommunications industry, in general, and the telephone
industry, in particular. However, the financiai and regulatory
aspects have not been subjected to the same aegree of intensive
analysis. This state of affairs persists,; although ﬁhe roles of
financing and regulation are now playing a crucial part in the

present and (proposed) future development of.the industry.

The main stumbling block to adequately understand the
complete ramificatioﬁs of the financial structure upon corporate
growlth, is the lack of a.model integrating the financial decisions
(cmpitallbudgeting ana levefagef with the real.decisions-(eutput
supply and factor demands). Thus, the first purposc of this
project is to develop a medel,; which permits the integration of
the finéncial and regulatory setting with the product demand

(revenue) and production relations.

The model, 'itself, will centre arouna various fundamental
behavioural eguations, which are the demand and rates of return
(on debt and equity) functions, a technoloqicél equation (the
nroduction function) and twe constraints, a capital constraint
(ﬁhe narket value of the.balance sheetj,AanL & regulatory ¢ Fee
straint., These relationsz are then corbined into a profit maxd-

- . . 1
mizing nedel of corporate behaviour.
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 The derived equationg from profit maximization will be a

simultaneous system of eguations. The endogenous variables of

this system will be the demand for labour, supply of debt, supply
of eguity and a variable describing the impact of regulation. We

will observe that the form of the rate of return eguations will be

the key elements in determining  the interdependence and feedback

mechanisms between the real and financial decisions. Conseguently,
in this theoretical part, we will pay particular attention to the
rate of return specifications, in order to delimit the nature of

the financial and real decision-making interdependence.

A ﬁoted feature of this quel is, thaf we sol@e fqr debt
and equity, and given certain exogeﬁous variablés (such as net
noney balances)% physical capital . is then determined. In other
words., once a firm has decided hdw to finance iﬁ;s théiéal capital,“
given the pfice of thé capitél stock, it has simultanecusly defer~
mined thé quantity of physical capital. Moreover, since we can

=4

determine the debt and equity policy for any time period, we can

o

then compute the change in the number of units o

W0

Jdebt and eqguity.,

and so therefore, compute the real investment decision for the firm.
Finally, our model allows us to incorporate the regulatory

environment. The impact of this environment is manifested by the

regulatory constraint and the value of the "regulatory variable",

which we simultanccusly ascertein, along with the other afcorementione:d
‘endogenouns  variables. Thus, we are able ¢ determine the finan-
cial needs of any carrier, in light of regulation and the exigency

L , K o . L : 3
to be consistent with the. $tate.of the product and factor marxkets.
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2. The wodel

[

0

Let us begin our description of the general model by

introducing the production function, which is defined by equation

5 Q'E(K,L) e (1)

where y is output, K is capital services, L is labour services, F
represents the technology such that the marginal products of capital

: . . o . .
and labour are positive. These marginal products for capital and

1 T PR L OF AF
lqboul respectively are g 3 Fk > 0, 8T F£ >0

Demand behavicur may be summarized by the inverse function,

- represented by equation (2);

p = D(y), - (2)
where p is the price of.the product and D is the function with

ggizi‘“ D' < 0. So, we are assuming that the product is a normal

commodity .

The pure profits for the fi

B

m are defined as,:

wT.oow py o~ w, I - w K, : (3)

whare n,oAre gross of taxes puke vprofits, is the factor price of

b

| Wo
- labour and w, i3 the factor price of capital. We define the factor

Jo

price of capital to be related to the vrice of capital, the depre-




10.

ciation rate, the rate of return on physical capital, capital

gains (or losses) and the corporate income tax rate, by the

. . . 6
following formula,

' R . ) ’N , (1-ud)
Vi T [épkt S Fpkt"lf(Pkt - ‘pki4i§(l~u) ! (4)

where 6 is the rate of depreéiation, r is the nominal rate of

return on physical capital (which is often loosely referred to as

.

the cost of capital) , is the price of the capital stock in

pkt

pexiod t, u is the corporate income tax rate and & is the discounted

value of depreciation deductiorns cn a unit-value (dollar wvalue) of

real. investment.

PR 3 T yele ; ~1r o~ -1~ -
In regards to the factor markets, we aszssume that the
B m o amand v il man A em dadan T e e gm e e Tmeeds dnmm e oveem Dy ana s o f7 e e
1B a pPYrice rCQiREiT AN Chn® Lou OUX Mardsco, L nas FOHNE aQgiree oOxN un

poly power in the real capital market.
equation, which combines (1),(2%(3)and(4) summarizes the product
and factor market relations,

My = DIFGI) TR = vl - [@pk
](1~ud)

N =K.

- (pzik" l‘)]QL "'l J (l"'u;“—'

The financial structurze of the firm may ke represcnted by

o

set of relations, the first of which ig the market value of the

balance sheat, and we call this equatiop the capital constraint.

M +'pyK = P
. .

bB, + PS5 +4ppbp’ (6)

'Consequently) the following

]
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where E is the exogenous net money balances, B is the number of
bonds (long~term and short-term), Sc is the number of common
shares, SP is the number of preferred shares, P1y is the price of :

debt, P is the price of common shares, and pp is the price. of

preferred shares.8 The.capital constraint reflects the fact that

the market value-of 'the corporation's assets must egual

it's liabdilities. 'In.addition, we are
using the capital stock in (6) and the flow of gservices from this
stock in the production function. The dimension problem is over-

come by noting that the stock-flow conversion parameter (which may

be. the rate of capacity utilization) is assumed to be unity.

The nominal rate of return on physical capital in pericd t

1 ~ - n~ = ] R < - -
is th s 1 - in pexiod t+l {which wag contracted

ha value of the capital stock in
in period t) minus the value of the stock in t divided by this value
thperiod t. Similar definitions hold for common and preferred
shares. The rate of return on debt must take into account the fact
that interest payments are tax exempt. So, the nominal rate.on

debt is defined as the value in t+1 (contracted in t) minus the

value, nel of tax, in period t divided by this value.in‘period tv
The;efore, with these definitions_and utilizing the capital consﬁraiﬁt
we get, |

pSD - (1+rm)m (7)

Jer ) o4 o Y-y w11 ) - 4 T -1 & N 14 -
(1IL)}ﬁJ\ = (1wmb(1 ul) PRE (14 C)p g, (14 p)p

Dividing (7) by P Ko subtracting L from both sides and using

eguation (6) vields,



12,

PbB p.S pP._S
= {(1-u)t, — o s euie] -
X (L u) rbpk'K + r 4

T S T (e

where all variables are defined in period t, and we are assuming the
rate of reﬁurn on nomiral money balances ig zero. It is important
to realize, that thg fact that the nominal rate of return on |
physiéal capitél, is a weighted average of the rates of retufn on
the different types of financial capital; afises, hof from any
ad-hoc definition of r, but rather from the correct procedure of

explicitly incorporating the capital constraint. Indeed, to specify

B

an equation like (8) and not utilize the capital constraint in other

segmnents of the model, is to implicitly assume particular charac-

teristics with respect to the rates of return on the financial

commodities. These particularities, centre upon the rates bein
fixed, or that the behaviour of the returns are such that the

liability side of the capital constraint is determined independently

N

of the asset side. Manifestly, these assumptions are the antithesis
for any meaningfully integrated financial and real decision-making
model. It seems then that the capital cénstraint, along with thsa
gspecification of the determinants of the ratés of refurn equaﬁiong,
is fundamental to the naturé'df~the intagration.

5

The various rates of return for different commodities, need

not he constant, since the rates are dafined from the zpot and forward
prices. If the guantities cof various commodities influence these spot

o forward pirices,then the rate of return may be a variable. Thisg

variable rate of return may be affected by the firm's own decisions,




if the variables influencing the spot and forward prices fall

under the firm's contrel. If this situation arises, then the

firm pessesses some degree of price-setting power or monopoly

bower in the capital markets. In our general model, we assume
N - 7

that the firm cannot influence spot prices, but only forward

prices (for real and financial capital), and so there are imper-

fections in the financial capital markets. These imperfections

are reflected in the following equations.,lO

ry, = B(pbB, pCSQ, ppSp) (9.1)
r, = C(pbB, pCSC, ppsp) - ‘ (9.2)
r = Plp B S . - (0.2}

P J.b ! "C c’! .l‘:'Pv'p.

where thée rates of return depend on the values of debt, common

equity and preferred -equity. . The rationale for including
the values of the financial instruments in equation set (9) is

.quite obvious; The rate of return équations aré inverse dehand
equatipné reflecting the outccme of the decisions by agents
(individuals and firms) in their portfolio decisions, with regérd'

“to the equity and debt igsued Ly the carrier. vaiousiy, these

inverge financial demand eguations will be influenced by the

quantities of the other commeditbies that these agents are simul-

taneously demanding and supplying. The exact composition of thase

other commodities will depend on the preferences and endowments




.

of the individual investors,‘the*motiVation (profit;maximization,
revenue maXimizationf etc.) and the ability of the corporate
nvcotoru; anaiﬁhe process of adgregation. Nevertheless, fhe

only variables fhaL the c# rrier can controlrand thex eby influence

the nominal rates of return jare debt ‘and eguity: ALl other

"

variables in the investor decision'process are exogenous to the
carrier. This méaﬁs that, although equation set (9) is derived
from a COmple vinteraction of agents (in the samé way that the
nverse product demano is detelmlned by a compllcated mechanism)-,
from»é theoreticalvvantage point, because ve want to focus on
the monopOlY_>poﬁér of the carrier, (9) includes all Lhe relevant
variables. However, for the empirical implementation, estimation
and gimulation, various forms of these exogemous variabies‘must

be agceunted for in the rate of return equations.

Eguations of similar, but less general; fofm'can be found in
thg literature. It is often exptessed,/that the rates of return,
depend on the de§t~equity ratio. Let'ué assume that commoenn aﬁd
‘pref@xred equity have an additive impact on tﬁe ratés.of retvrn,
so that only the total value Qf equity énd the value of debi are in’
the doméin cf the rates. ‘Next, assume that the rates of return
are hemogeneous of degree éero in debt, aﬁd equity, wﬁich means
that proportional changes in the composition of the firm's port-
folio do not’affecﬁ the rates of return. Wa'can then write the
egquations in (9) ag only depending on the ratio of debt to eqxihyg
‘While this proposition may be an_interesting‘préperty to test

empirically, for the theorctical formulation, we seec no reason to
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impose such a restriction ‘'a priori' on the inverse demand

,functibns for the different types of financial capital.

Thus, with eguations (5), (6), (8), and defining nn~(l U)h ,

where ﬂn is the net of tax pure profits, we can summarize the

real and financial characteristics by the eqguation seat (9) and

(10)
o ‘ . 3 -1 " o
(4 u)&g(F((pbB P PSS, ppsp )pkt’ LNFpB + PRy
. ‘ -1 N o §-0(L-
k ppSp >PLL’ o) Wil L(rb(l n) + §-0(1-8))p B

H(rg#6-0(1=8))p S, + (rp+6f®(l~$))pp8p - (8-0(L1-§) ]

-1 ' o
(1-ud) (1+0) -, (10)

Py 7 Pre-1
Preo1

L

where @t‘: , and 0. 1is called the rate of price
. - t * L

inflation of the physical capital sLock

The regulatory envircnment is typically characterized by the

constraint,

3 ~ o _1 - . '_l . . “"l R ' .
L + lpkh(l+@) + urbpbB(l+O) < {1-u) (1+8) 1pkK (11)-

~where 1 is the before tax allowed nominal rate of return on

capital net of depreciation. Using the capital constraint and

equation (10), (11) becomes

(lmu)$}3(F((u.B +tp &l +p 8.~ E))ul )
N I

e D cTe pTp kt’
b((pbb T PLSL TR & - M)p L)) - Wi

P Tkt

' X . -1
- — — \ - Eis 244 o [ -
(S Q(l §)) (L=ud) (1+0) (pbB‘ﬁch + ppop M)

ey =h T e
cdud (L6 r. (1. B o+ o - ¢ ]
ud (1+0) be(l u)pbB ;Cpcsc F lpppSp

Hr

cren =L | = |
roury (L10) 7 ppB g (-w) (140) Tipy B ¢ p s PpS, = M) .



‘Before discussing the objective of the firm, it bears mention-~

ing that, in our context, we view the factor prices of labour, -

and physical cap;tal, the prices of debt and equity, and the dcp*ﬂ—

cgiation rate,; as random Vﬂriailos“ ‘Thus, since

and the two types of equv*yare random, then the

also stochastic variables. Due to Lhe presence

ObJQCthC function of the firm must Jncorporate

the firm maximizes the expected value of profit.

the pr s,of debt

rates of return are

‘of uncertainty, the

the manner in which

12 This implies

that the firm is risk neutral, in that it's goal is to maximize the

~tribution  (or for that matter anv other moments) .

firm maximizes LhC expected value of (10) subject to the expected‘

value 0of (12) and eguation set (9),

- expected value of profit, irrespective of the variance of the dis-

Therefore, the

‘-‘1!‘ 4 : 'y Hl
b= m|0- ) [D(P (BB + S, + P8, =~ Mgy, D))
F((p,B + p.S. + p.S5_ ~Mp.T, L) = w,l|=(1+0)
Pp pc“c PrPp rt' [ (1- _

' E;(B(pba,pcsc,ppsp)'(1~u)‘ + a'—e(1e~5))‘(1¢~ud)pb]3

+ (C(pbB,pCSc,pPSP) 4 3~6(l~6))<lnud)pcsc

- (P(pbB,p‘S',piS ) +«646(l~6))(l~ud)p S

PP

- (8~0(1~8)) {1-ud) MI« [ (L-u)(D(r ((p,B + PS5,
+p.S. -~ WpoY, L)) F((p,B +p 8 + pa - ip L, 1)

PP MRt b ¢ pUp Lt’

; ~1 ; iy

- anIJ (()~D( -8) ) (L-uza) (1+0). (p ]3lp C.FG)&D - ¥)

(1-u) (1+0) Y (p.n + p.S +ps ~.ﬁ>'+ a(1+0) "t

. . 2 . ]_b..) '- P c)p| P V1 . .

c C

- . . = -
[Lb(l u>pbB b pcsﬁ M Ippp&pj 4 urb(l+0)

sl L

i




© .where I is the Legrangian function. Eguation (13) is a function

of five variables, debt (B), common eguity (Sc), preferred equity

, 4 S . 3
(SP)' labour (L), and the regulatory variable (}\).l

The following optimality conditions, are derived by differenti-

ating (13) with respect to each of the control variables and A:

i

P (D'F + D) - E{(w,}{1-2) (L-u) = 0 ' S (14.1) ,

ONR g, %

P 5T ’ -
ok = (l—A)[(l~u)[Fk(E’F+D)]ME(6~e(lm6))(l~ud)§1+@) .

1
T
i

N L R T D Vo . -1,
L{SB'PbB(* U};1A?;:9Cbc + sg-ppsp;(l ud)‘l+®)‘ Prt
'~wE(l~u)(l+®)*ipk(tb(l~ud)—Ai)*~ E Aud(i+®)ulpkggg P, B(L-u)
B LA A B 18R
"B P togE PpSpd T P A0 T oge b By
- E v -1 - ¥
B AP (1+0) "p,r ulira(i-a)l = 0. (14.2)

1. e -
.%kﬁ%.~ (lwk)[(l~u)th(D’F+Dq ~ E(§-6(1-8)) (L~vdX1+0) lpk;\ !
e IS o M A ’ . s E .- N
_ nfR2 _ - V A S . -1
E(aS-pbB(l u) + Sﬁ'pcoc t §§'pp85§ (1-ud) (1L+0) Prt
c c Feo k
- T - 1 -1 / . \ -1 3 - -1 .
E(l-u) (1+0) Py (rc(luud)(l—u, ~ Al) ~ E Aud(1+0) Pl
Far A ap 7 -1 ) |
ey, R ~1) + S5 a o OF g | - Al1+0) Ty = T
Lwapr(] 1) 58 P.Se 55, pphpJ E Aud {(1+9) LT O.(l4“.



l |
18.
Budl - e [ a-w[r, 0 r0) |- B6-0(1-0)) (1-u0) (140) oy | |
Ppp A | o J | l
2 L ec P ) . -1
(® 55— ppB (1-w) % PoSa s pytp) (1) (r0) ey | '
- E(l-u) (1+0) Fp. (r_ (1 e S | .
Y " pk \:T. (.L"U.d.) (1"‘11) “')\l) - i }\uc‘(l.g.e) p ]
P _ k '
"2 . 20 A BN -1 o
1., 38; B(Ll-u) + Y] pCSc + TE PPSPJ’V - E Aud (1+0) pkrp‘ = 0. (14.4
i
"y M . e o . g |
p],f;;l) ““EUl“u)D(F((PbB P Syt PLS, T W) pr t, I))E((pbB F P S, ppSP ' ‘
p};t, L)) - wk ~(6~0(1~8)) (1~ud) (14:@)' (p th S HJPSP ~11)

-1, v A _ 1
- — 7. : . _ ~ !
(1~u) (5%6) 1(pbB + pcSc‘ +vppsp M) + vd(1+0)

. . . . - B l A'f . i ]
le(l“u)PbB t Y p.S, T rpppSpJ + u(lfe) rbpbai = 0. (14.5)”
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The equations in (l4) tell us that the marginal revenue

product of lsbour eguals the expected value of the wage. Also;

we can rel&te the first order conditions for debt and both types

of cqaltj o the same kind of economic meanxng For instance, the
net of tax differential between the marginal revenue product of
physgical capital and the difference between the rate of return on
debt and the allowed rate (everyvthing adjusted for the presence oﬁ
regulation) is equal. to the expected marginal cost of financing
capital due to an increase in debt. Finally, we can observe that
the expected marginal costs of flndnc1ng'capitél through debt, and

equity (common or preferred) are equal. In our model, there is the

gsimultaneous determination of real and financial decisions where

both the optimal capltaJ budoet and various flnan01al variablé ratios

1

[l IRy [ SR V. TR TR | -

- ' .
are deilermiingt i2 L AvVe Junddaiaiioaa adua

£ ..
a

saes AL
SN A S

Cly

It is quite cleax, tnaL the equdtlono describing the defelent
rates of return play a key role in determining the corporate equil-
ibrium. This wmeans that changes in these functional relationships
due to changes in infoxrmation or market power will affect oﬁr resul@s
Nevertheless, our model is congistent with a varied array of couaw-A
tion forms of differing degreces of generality. Therefore, once we
have eétimated the differeht equationé from each of the modules
(demand , production,.and financial) we.will find the relevant
functional forms and parameters to be substituted into-eguation
set {14). .This sﬁbstitution will occur in the suwnlation modulé,

when we solve (14) for Bell Canacda.
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‘appendix 2.1 Derivation of the Relationship Between the Rates

of Return

Suppose there is one type of equity, and the corporate tax
cate 1s zero (oxr the interxest on bonds is not tax exempt), then,

the relationship between the rates of return is denoted by, -

¢

. K. = r . B.+1 S, , ALY

KPPt btPrt e stPstt ! (A.1)
where,rkt is the nominal rate of return on physical capital, Tt
ig the nominal rate on bonds, and is the nominal rate on

r
st

equity, all defined in period t. Also,-pk£ is the future price

cf physical capital, P and Popr are the future. prices of bonds

and equity ;espectively;-Kt'is the quantity of physical capital,

R - kEhae number of bonds, and §. the numbex of charag; all defined
- X ’ . 1 ° : - .

in period t.

Now any real rate of return is -defined as,

e T Dt

vl

pit PR kaISI .v(A-z-)

where it is the real rate of return on i.in period t, and qit

ig the forward price uf 1 in period t. We must note that forward

prices refer to contracts in the present for future delivery of

a commodity, while Fubture prices refer ko centract formation and

delivery both in the snme fulturs period.

The connection betwaen forward and fulure prices wmay be

established by the following equality,

v) .

P. Q. :

it 11T . . .
- = === 4= Kk, b, s, (A.3)
a g

Pyt Nt
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which states that relative forward prices equal relative

future prices; where n is the numeraire commodity. Since

commodity n ig the numeraire all of it's future prices are

unity, f.e. pnf = 1. This means that,
. Ly o
P = 2% ¢ 2 R.b.s o (A.4)
N V0S5, .
it qnt .

By the capital constraint, the market value of the balance

sheet, we have,

p - B . ' .
kXt prBe * PoSer S sy

we abstract from introducing meney balances, which does not affect
the procedures of the derivation irrespective of whether Lot

Yoand {A.3) (asing

i

eyo or not. Tharetare

€1

&

with adquations (A,

the fact that pnt = 1) we get (by multiplying out Uy

qk Kt = qstt + qf‘tst , » (A.6)

o

which is the capital constraint wmeasured in terms of forward

prices. Then using (A.2), egquation (A.6) is transfornmed to,

S, . (AT

tOreg ) g Se

However, from (A.3), pj+l‘qw+11 = Gypg
S Wt U & 3 O A i A

) .

and so (A.7) becomes

(by dividing out Tyt 41,

L4 P, = + P LB Ly P LB (A,
(Lrog ) PupeRe = oo P e Bt o P 8y (n-8)

We can multiply and divide each term in (A.8) by the appropriate

future price in period t and therzfore,
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|2 S ' P P PSS, I
kt+1 , Eht+l st+l¥st”tL
(14p, ) = p K .= (l4p,,) 5~ P, B+ (l+p_  )-——""=" " .
kt L kt 't bt pbt bt ™t a st Pgyp ’ , I
(n.9)
The rate of inflation for:any‘commodity i is defined as
Pite1 ‘ : . ~ . . . '
=l o= (L4v, ), where y.. 1s the rate of inflation of 1 in
Pi. ittt T , 1t . I
period t and so (A.%) becomes, ‘ .

i >.‘ V \ - " ‘L .\. 1 'l' " ] 3 4 . L., <
(Lo ) Ty IP K = (Tappd (T Jpy By ¥ (Ltpgy) (L Yst)pst't

- Lest, th d0f¢n1 LOQ of one plus any nomlnal rate of return

+ = T o e 1A i
latlon for that commodity

th

ia eqnal o one.plus tha rate_oF in

times one plus the real rate of return of that commodity, i.e. '
-, - . , } 140, . e . . . . ’
(Ltxy ) (lkylt)(l 0L 4) Hence, | !

+ (l+rst)p Ls" (2D

‘ P =
(Ltry P K= (xR, By

and byhcapital constrainti (A.5)
TrePreXe T TpePpiPe T TetPat®er

which is the result we want to derive.

Therefore, we have established the nature of the relationship

betwenn Lthe rates of return

.5 the wojvhtwd average of the rates

phy‘ rcal ca I)..L. tal is

“i.e. that the rate of return on - '
cagual to '

of return on the different types of f1n1nc:a] cap:tal, where thGuL

rates are nominal ones.
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L. Cos . . .

“If we postulate revenue or sales maximization the essential
structure of the model is not affected, but the derived demand and
supply equations need to be slightly modified.

2
minus accounts payable and of ther residual balances.

3Our analysis bulilds on the works of Lermer and Carleton (7),
Robichek and Myers (8), Turnovsky (9), and Vickers (10), (11).

4 . . : . . ) .

We do not include the time variable where it does not lead
to confugion to omlt it. But the time dependence of the variables
is understood.

.
o J. e v . N y y o2

I also has sufficient properties in order that it may be
used in the profit maximization problem.

-
YThe formula for w, may be derived in an explicitly dynamic

modeal. The fact that we Include this formula means that we are

indeed including the various dynamic elements. See Hall and Jorgen-
son (3). ‘ ' '

”

i)

The exact nature of this moncpoly power will be specified
below when we discuss the ccmponents of the nominal rate of return

on physical capital.

8 . . : ‘
For theoretical purposes there is no need to assume that M

is exogenous However, for the empirical implementation of the model
'we want tc focus on debt and. equity, rather than net money balances.

9 : Qs e
We can let the stock~flow narameter ke some numher different
from 1, as long as 1t is an exogenousS coefficient.

'loTie sc ecuations w1]i also depend on other variables re-
flecting alternative assets. Howeaver, these other variables are
exogenous to the firm'g decisilon process, and therefore, we do
not have to include them for the Lhcoxmtacal specification, but only
for Lhc enpirical implenentation.

see, for cxample, the article by Turnovsky (9).

Uo can alternatively as sumo the firm maximizes the expected
ufll¢ty of profit.. However, our ulLLmate purpose is to estimate the
derived L@Ldf]ODGhJUS, and since virtually nothing is known, con-
cerning the empirical implenentation of cnlporqtc utility funotwons,
we have elected to assume thalt U((n)=w, where U is the utility
function.

13 .
According to tha Averch-Johunson lequ]atorv ﬂodcl as des=~

~cribed in Bailey (1) ,Bauwmol and Klevorick (2), and Jobnson (4), 0<)<

By net money balanc 69, we mean cash plus accounts receivable
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CHAPTER 3

THE - DEMAND MODULE
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1. Introduction

The nature of the telephone demand module is to describe

the demand characteristics for the telephone services of the

. . - . 1. Cys
Trans-Canada Telephcne System (TCTZ) companies. ™ In describing

the demand, and thersby the revenuve, conditions for the system,
we formulate a model which estimates the historical structure.
This structural specification is- then utilized to forecast the

future trends of the carriers' revanues.

Consequently the purpose of the demand module is two-

fold. Firstly. we estimate the demand aspects as a separate

entity in the overall industry model. These ectimated coefficients

are then comnbined with the relevant segments of the production and
financial modules so that the integrated model may be implemented
and the appropriate forecasting experiments carried out. Therefore,

one nmust view the results of this section not only in isolation,

but also within the context of the complete model,

The study of demand behavior for telephone services is
an important undertaking, because of its role in determining company

revenues. Indeed, demand systems already exist depicting the

Canadian telephone industry, in general; for example k., Dobell
- : . "o ‘s . e T ymysevae o 1A
et. al. [37 and L. Waverman L?_i‘ Moreover, other important

works have focused on pavticular demand aspecks, as in, V. Corbo [2J

. : vl ! N N N " 0
and I.X.Q.1. SJ . Our immediate interest is in the gencral .

structural Form of the telephone demand relations.
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Before proceeding to formulate the nodule, we must.detef~,
mine the appropriate aqqrégations'acrégs economic agents (in this
déée‘ca:yiers) ana cOmmoditieg {in this JaseAtelephone seiviées).
The demand module digaggregétes CAxfiers into four categories.

Wé treat-Bell Canada and British Columbia Telephone separately}Awe

aggregate Alberta Government Telephones, Edmwonton Telephones,

Saskatcheowan Telecommunications and the Manitoba Telephone System

inﬁo one cateqory'called public companies;.we aggregate Maritime
Telegraph and Telephone, New Brunswick Telephoné and‘Newfoundland
Telephone into one category called private companies. The-fationale
for this égqregation is based on the following'reasoné. Firstly,
Bell Canéda is the leader,iin:terms of’market share, of the industyvy
21t with individuaily, Sﬂéondlyr the pibh

RS PRI PRI % a4 )

:

\
- - hy
ard go is de

‘

ic ccompanies.
COTP AN ] ;

%

as their name suggests, are government owned while the three companies
operating in the Maritimes are privately controlled. TFinally, loca-~

tional considerations suaggest that the western carriers be separated

Lrom the eastern area ynthus B.C. Telephone is dealt'with'seﬁarately
from the ﬁaritime private companies. Hence, our transactor dis-
éggreqations are derived fron the_marketvshare, iegal and’spatial
characteristiés oFf the'induétry.

Thé disaqgagredgation for the telephone services Dfoceeds along
the lines of looal, toll and tdtallrevénueww HoweVer, in’some CABRs,
notably Rell Canada, where there exists a7lﬁrqer databank on revéﬁue

and price series, the services ware further decomposed into local

am - WA

plus toll and local plus toll plus dircctary advertising,




- e

The explication cof the demand module is divided into
four further sections. In secticon 2 we describe the various

theoretical specifications and their raticnale, in section 3 we

0]

describe the data and their limitations, in section 4 we present

the empirical results and their evaluation.

28.
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2. 'The Theoretical Models
The theoretical basis for the demand model which is
utilized in the econometric investigations is discussed in this :

section. The economic theory that we draw upon is largely the

analysis of the individual household and also from the firm.

In developing the model, the first question to be
answered is who are the demanders of telephone services. Manifestly,
both houzeholds and firms are the dewmanders, since the telephone

is a consumption product to households and a factor of production

(part of intermediate inputs) to firms. Ideally, then, we would

‘desire to construct demand equations disaggregated,not only along

supplier and service categories., but, in addition, along demander

groups. However, hecause of daéa limitations, we follow the usual
route and aggregate the household and firms' demand for each.revenue
category into a single aggregate. We therefore assume that
although the motivations aﬁd.constraints of consumérs and producers
are different the ultimate elements affecting their telephone

service demand are the same.

Individual demand behavior, according to economic theory,

suggests that given the objectives of the demanders (preferences

for consumers and generally profits for £iwwms), that the guantity

th kth ]c)

demanded of the i7" gervice by the household in pericd t (xit
\ .

ERR?
. . - il R .
depends on the nominal income of the kY household in period L

(Yt), the price of the iUh service in period t (Pit)’ and the
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price of other commodities demdnded and supplied by the househcld
(Pjt; j=1,...,n and j#i). ° In a functional form we £ind that,
LKLk : - ,,}é ‘ - '
kit = hit (Plt"”’ynt’lt) _ | (1)
> 3 ’ . . A. K -~ ’ . .y
where }zt is the demand function cf the 1th sexvice foxr the kt"l

household in period t.

To derive the aggregate household demand for anyv

gervice i, in any period t, we must sum equation (1) over all

households who.ére demanding the service.
J J ,
oo < .k . 5 - yk v
e oy it (Ppgre e rPpgr¥y) (2)

where J is the number of household demanders. So then,

i = L‘; V {D m e guy £33
e T pp WaigreeorFppeter ety (2)
g » T
SO S | P R
where X = k;1xit_and hit (Plt"°"Pnt’¥tf"°'ftx
q k oKy o , c
= ]Z hit (Plf’“°"Pnf7Yt)' Notice that in the aggregate demand
=1 - N - . ,

function the income terms. for each househoid ehter separately

and not as an aggregate. This fact takes intdyconsideration that
the distribution of income among houﬁeholcs is not fiyed} If we
assume that the distribut}dn of inéome'amqng houseirolds in any

period of time is fixed then we can write equation (3) as,

L . . 1
A, .= h, (P, ve P WY .
it T Py P P ¥y (4)
hore vl C{ Gk ' , ‘ .
vhere Y = -} {t is the aggregate income of the houscholds.
= : . o
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" Moreover, let us assume that the form of the demand function

doeg not depend on the time period and so

51 . H oy
< = . P e e 2, . 5
R TRy ( 1t’ ’Pnt'llt (=)

For the producers,. these demands for t;lephonejsérvices

-are derived, not from utility maximization procedures as in the

~case of households, but from cost minimization techniques. The
gt a - ' Leho ; th ..
guantity demanded of the 1 telephone service by the 2 firm

. . ' 3 - ; s e . ' o
in period t (Xit) dependg on the nominal income (since output is
" .
]

-1 . . ) . ] 5 _:;-
given) of the QLJ firm in pericd t (Yﬁ), the price of the i 1

service in perio& t (Pit)’ and the price of all other commodities

W,y 4
demanded and supplied by the firm (Pﬁt;jzl,...,m and J#1).. Hence

we have

Lo . S
Xit = 9i¢ (Plt'a"’PmtTYt (6)

where git is the Eth firm's demand function for the ith service

in period t. Summing over all the firms yields,.

TF p— - »I rl rI
Xig = 9i¢ (rlt,...,Pmt,xt,..,,xt) (7)
P Ios
where I is the number of firms, X:, = ¥ X,, and
it 0=1 it
: (p P YT vl = ? g* (o LR LYY
Tiw FrercccTmer e e T mYie et e

Again it is nol aggregate output which affects the agygregate
- > ,th iad . it
producer damend function for the 1 service iup period t, but

rather all the outputs separately which reflect: the size and
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composition of ouvtput levels for firms demanding telephone services.

By assuming that the output composition is fixed in every period and

the demand functions do not chanyge over time we get,

b W, )
N == ipl .
G = 95 Prpr e Prerty) - (8)
, X
where Yi = I Yﬁ .
2=l

L : R : : . th
To derive the consumer and producer . demand for the i

service in period £ we must sum equetions (5) and (8).

S H oI '
Hop = Hy Cryree e P YY) (9)
- ;! F CLLH JF, .
WhC,.Le Xit /{it_—la Xit ! Hi (Pltfoa.,Prtf Yt’Y‘L) hi (Plt’...’Prlt’
-1']‘-—1‘. ; - Al ) "7‘]‘{“. . | 37 2 - I B J P T ' e et
Y 3 r g, (Fq.peeesdi -, X, ] alid S0 i, L2 wie agyregale (Condumer
L L L e U - L .

and producer) demand function for the 1th_telephone service.

Once again by assuming that the distribution of income

between households and firms is fixed and by letting the prices
e o , . .th , .

of all commodities other than the i7" service be represented by

‘a price index in period t (Pt), we can writeé equation (9) as,

- §
X, Hi (p.

L PoY) Ao

where ¥, = Y. 4 ¥
Now that we have arrived at the agyregate demand function

for any telephone service, we are able to ampose the 'a wiricri!

restrictions from economic theory. Eeonomic theory does not predict
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v

ﬁhe form of the‘demandifunctioﬁ (Hi), but the theory does impose
r,erlotxono on the pattern of price and income effects in systems
of demand behdvior. Firstly, houschold and fixm behavibr is such
that the demand function should be' homogeneous of degree zero in

-

the prices end income. In other words, if there is an equipropoxr-

tionate change in all prices and income then the cost minimizing

producer demand and utility maximizing consumer demand do not
‘changé. Consequently, the aggregate demand is not affected. This
esult implies that we can write equation (10) as,
% = M (Pyeve)e (11)
where L= ' = The i s v, i ¥
where Py Pit/Pt’ andlyt Yt/Pt . The variable Py is the
.th

relative price of the i service in period t and y, is the real
. - L=

incoms in peiricd i

The second proposition pertains to the nature of the
cffects of a change in the relative price and the real incéme,on
demand. Economic theory sLaLeg that if the effect.of a change %n
Yy is to increase the gquantily dema ndco then it nust be true th?t

the effect of a change in gitis to decrease the guantity demanded.

Therefore the negativity condition is:

ax,f . ax.t
if w:i‘> 0 then il must be the case thet Tuim < Q.
Y dpjt

The lagt restriction, in this context, is the so-called

adding-up condition which states that the sum of the propoxtions of

expenditure on all commodities out of income {or output) nust

equal unity. This means that if pj# xi“ i:s the expenditure on the
" R4 . (0 ‘- .
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X
L. P., %,
.t]1 , . ! R * . o '-—-l lt lt
1 service and there are x comrodities then oS = 1
Ay‘t.
t

This restriction, however, 1is not'a5~importan?‘a5'the previous
two beéause we are aggregating across households and firms. The
_reason is that(iﬁ-general,this third condition holds: for consumers,
but does not do so fér producers, unless their produdtion functiohs
exhibit Constant’returns.to scale. Sibce the hature of the
production functioné:for the-producers who demand telephone -

services is outside the purview of our study, we shall develcp

K

demand models which do and do not incorporate this last condition.
‘Moreover, whether this- last condition is satisfied ox not will
‘not be a prerequisite for the acceptance or rejection of a

. particular functional form.

After the description of the relevant features of our

specification which are derivable from the theory, for the empirical

applications of equation (11), it is necessary to specialize the

general form of the demand relation and to account for stochastic

—

: o)
phenomena.

2.1 . The Linear Demand Model

The linear demand mwedel assumes that the form of the
aggregate demand function (Hi) is linear, so that,

e ™ Byt Bypgt Bove e (12)

whevre e, represents the disturbance that can occur because H, may

t
not be strictly linear or there may exisi measurement errors in
the dependent variable and also other minor variables may have

‘been omitted from the equation. o ' ‘
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~equation, but instead of assuming that it is linear, we as

et

‘ Here we must find that if 82 >0 then it should he the
cage that Bl-< 0. This means that if increases in income tend

to ihcrease demand then incrceases in the service's price tend

to decrease demand. It bears mentiouning that eguation (1.2)
saﬁisﬁies the homogeneity and negazivitj conditicns hut doss not
satisfy the adding-up restriction. Nevertheless, in light of

the caveat stated at the end of section 2, éoncerniﬁg the adding-

up condition, the linear model should not be dismissed outright

on these dgrounds.

2.2 The Double-Log Pemand Model

In the double-log model we begin with the general demand

2

sume that

2

it

it is multiplicative,

(13)

where Uy represents theé error term and o the congtant. By taking
logarithms of equation (13) we arrive at,

tog x4 By * By log iyt By dog v e s yy

t

where log o, = B, and log u, = e£ .

The double-log formulation, ag in the linear case,
Iy ¥ ¥

incorporates the homoganedty condition. Moreover, if 82 > 0 then

wa should expect BJ < 0. Notice that the magnitudes of ﬁc, 61’

and B, will be differént from the linear model but the gigns of the
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coeffigieﬁts should be'the;Same, The reason for'this is that
We‘are'specifying ah altérnatiVe'hypothésisvconcerning the true
structuralAform and in this case Bl and - 82 are partial price and -
partial incbme last101Llcs rauhﬁr than partnal rates of change.
#inally, the double-log equatipn does.uot incorporate the addipgw

up condition.

2.3 The Rotterdam meand M 601

The Ro .d an moabl - as applied to the demand for tp]ephon s

services, imposes a more complicated set of restrictions upon the

demand‘relations(.(see-Hj Theil [éj)

Using the demand function, given by equation-(ll), take

tctal difie:antiélgc Wh1q vield s}
. ’ BHi v BHi
T B .
Ay ¢ = 0P . dpie * o5y W
L N

Using the eguality dz =’zcllog z, where z is any varlablv, we get,

o, | . 9m, |
- 31 %7 poos o ~ 1o el Ve 4
Xy d log x. . 55 Pj 4 d log Pig + 5 Yy d log Yioo (15)
1t : L E . /
- Next, multiplying both sides of equation (15) by fwéz-we have,
B - t
P | oH, pz A - oH
Pit %ie - kit 3 o (16)
R d log Xit D o Y. d log Py +'8yt P d log Y o
However becsuse gqvutxon (16) is a finite linear épp imutlon

there is implicitely a remainder texm in 44 . ‘fhe approximation to

: : - , T P. X P-,“. Ko : 3
the remainder is L/2- | ( Rt At Zathl J‘Ul) d log x,, + a.‘._
: ' Ye oo Vel SR
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Therefore including the remainder in equation (16) yields,
\ | ~ )
Pap Xo0  Payq Xaoo : o oM,  pi. (17)
1/2 it At o, itil ;L’l d log Koy = ~% + §¢i~*w&}f& log p.,
' 43 : Yo 4 T F Pit Yg =
e .
+ -;c}“'}:;g pltd iOg :.Yt M
Pa, X. o
ot - it "it - R _ - _0
Letting &, .= *—*yt PO 1/2 (aitkait+1) . BO 5
aHi ‘it OH, . -
= it I H — then egustioc hecomes
Bl T A and 82 57 Pt then equaticn (17) becomes,
aitd log Xip = 80 - Bl d log Pig + Bz q log Vi - (18)
Since d log z, = log Z. log Zpnt and allowing for stochastic
phenomena then (18) can be written as,
. (Lo Xy, - loy XiL~1):: B * B, (doy p,, ~- Joy pitwl} {153

+ 8, (Jog y, - log y,. 1) + e .

FEquation (19) represents a variant .of the Rotterdam
demand model. In this model, we not only have the homogensity and ne-

gativity cenditions, we also . have the adding-up condition because

of the presence of the weights in defining the dependent variable.‘

Notice, also, that Bl and 62 do not mean the partial elasticities

‘ag they do in the deouble-log model. In +this case to compute the

partial elaesticities we must divide By and B . Hence if

}
we want to - compute partial price and incomns elagt

5~
<%

i
jleities wae have

to  compare:

g - R : . o _
8? ilg to 8? to Bl for the partial price elasticities,
¥y %it

/
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v Bl | -
L -t D 2 - ; ) v .
82 - to B, .to —@~E'for the partial income elasticities,
it 4 ‘i : ' :

wheré thé supets ripts.ﬁ,'D, and R stand for linear, double-log
and Rétterdam. Thic meansg that in the linear and’Rotterdam models
the partial (and therefore fotal) elasﬁicities Qill be vériable}
while in the double~log model the partial elasticities (but not

the total)® will be constant.
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3. The DaLa

The data in the demand moduie consisted of published

series which had to be collected from various sources.

3.1 th Quant;tv Demand d

In a study of the demand for telepﬁone sefvices, the:
quantity demanded should be measured in some homogeneous unit such
as minultes of calls Unfortunately, we do not have data at such
a disaggregated level. Therefore, we used a variant of revenue
deflated by it's price. We took the revenué for any service i

(including uncollectibles, since they represent unpaid output)

33 F R T T T
OUT G ToOCa.L YE&VENLE CINES sudigeci. LaXes:

- SR,
I, = SR, = ==~ X INT
Sy i8R o
. . S . th i’ 3 .
WhereSIi ig then defined for the i service, SRj is the revenues
. . th . ' ° : o
from the i service, SR are total revenues, and INT are indirect

taxeas.
For the revenue figures, we utilized the income statements
of the TCYS companies and Idmonton Telephones. Thus the levelef
disaggregation of revenues was limited to that which appears in
the’financial_statements {(which are local, t0ll and total).
However for Bell Canada, tne revemues werce more disaggregatod

from R. Millen {:Gi;and Bell Canada Rate Hearings Dxhibits il I



‘which included local, directory, intra-Rell tbll, Trans~Canada

" Also because we deal” with th publiic and private carrier

the price index of each revenue category for each carrier.' Tl se

‘price indexes were only available for Bell Canada in R. Mwllen {lm]

1(as defined) by the constant dollar revenues (which were defined

40.

and adjacent members toll, and U;S; and overseas toll revenues.

o
g

as
seperate carriers we summed the revenuves,; as previously defined,

‘for cach category and used these figures for aggregate revenues.

To convert revenue figures into output figures we need

and the previously mentionned exhibi ts [6iin The plocedurc for the

price index was to deflate the current dollar revenues for each service

in the same manner as current). After,with this 1Ip14 - price

deflator for sach catemorv (for 1967 - 1,00 we obtained outrmt .
, 9 ¥ eack sLenor or 126 L.00we obtaine mtrnt

ST,
SO+ = 1.
A

wvhere SOi is the demand for the ith service and PIi is the priée
. th '

index of thé i service.

Having these price indexes for Béll Canada we assumed
fhét‘the price indekes‘for any éategory and‘for aﬁy other carriex
is a fixed proportion to- Bell's .over the sample period. If this
as sumleo does not hold tﬁen thé consequences of the exrror in
the meaﬁureméht of the price indexes are unknown, in terms of the

bias ond the inconsistency in the values of the parameters obtained

in the demand equations.. Nevertheless, our assumption is reasonable

because Bell is the market leader in the industry. 'hus, proceading

\ L.
. . L .




the Grosgs Provincial Products of Quebec and (mtario; for B.C. '
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with this assumption we deflated the current appropriate revenues
by the relevent price index and we obtained a measure of quantity

demanded for any telephone service.

3.2 The Relative Price of Telephone Services

There is no information on price data relating to a

i

homogeneous unit such as minutes of calls. We used the price

“indexes for the revenue categories of Bell (as described in

section 3.1). Moreover, we used this series for all carriers.

To define relative prices we divided the price index

of any service by the consumer price index of a large metropolitan

K}
[#¥¢}

.

1 the region in which the carrier has juridiction to

b
Fa-

arcu w
oyerate.g For Bell Canada, we_cénsidered”the Weighted aritimetic wean of
the consumer price indexes for Toronto and Montreal; for B.C.

Telephone we used the consumer pricé index of'VanCOuver; for the

ﬁublic carriers we used the consuner price index bf Winnipég, and
for'the private carriers we tged the weighted arithmetic wmean of

the consumer price indexes of St. John's, St. John and Halifax.

3.3 The Real Income

The demand equations pertain te houscholds and firms,
g0 then the income variable must include wore than consumption
expenditures. Indeed, Ffox the income variable we used the gross

{ w i.A - >
provincial product.) For Bell Canada we considered the sum of
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l_.!

~Telephone we used the Gross Provincial Product of B.C.; for the
public companies we use the sum of the Gross Provincial Products
of Alberta, Saskatchewan and Manitoba; for the private companies

we used the sum of the Gross Provinecial Products of New Brunswick,

Nova Scotia and Newfoundland.

.~ Pinally to deflate.these nominal income variables we
utilized the appropriate consumer price indexes from each of the:

.

jurisdictions, as explained in section 3.2.

. - EE
MR .
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4. 'The Empirical Results

4.1 Bell Canada

4.1L.1 The Linear Demand Model

The linear model, in'the.context of Bell Canada, may

be represented by the following selt of eqguations (the sample

period for Bell is 1950—-1975);10

BLGPD

» Q! .
BLPDTut t 82 -

BLTSOt = 80 + 81

LIS = - PRLS, - JPD,
PLIQOt 8. f Bl BLPDR otlk 82 BI DT

0 :

BLTTOt = B, + B, BIPDTT_ + B, BLGPD_

- BLTO00, % By +‘sl BLPDTO, -+ 8, BLGPD,
BLDAO£ = B, + B, BLPDDA,_ + 32 BLQPDt
BLMSC, = 0, + 0, BLIDMS, .8, DBLGFD,

" BLPDLT, + LG
81 BLEDLT, + B, BLGPD,_

BLBMOt = BO + Bl bLPDBMt + B, BLGPD

LB = LP] I .
BIBL)Ot g. + Bl B PDBDt + B, BLGPD,

The results for the ordinary least squares regression,
which are found in table 4.1.1, show us that Bl < 0 , and 62 >0,
éxcept for the directory and miscellaneous categéries but the
burbin~Wat50n statistic pointg out tha£ positive autocorrelation

is present.

Upon corvaecting for autccorrelation, we find thal, although

the results improve, the Duvbin-Watson is still guite low. When




Linear Demand Model:

Table 4.1.3

N.L.R.

(t-values in parentheses)

. IR

N f

-

L Demand Category BO Blqu 82 Py pé D.w. R
Toll ~17.485 |[-134.088 | ~.005 | 1.062 024 |1.946 |.999
(-1.270)| (-1.305) [(~2.222) | (4.192)| (.090)|
L . Local -3.892 | ~35.247 | =-.0003| 1.523 -.473 |2.010 |.999
P ‘ (-1.046) | (-.864) | (-.298) [(6.552) |(-1.919)| -
~ < moll ~29.322 |-110.274 | =-.001 | .907 |- .249 {2.178 |.998
| o (~2.058) | (-2.227) | (~.791) |(3.821) | (.954)| .
© Toll-Misc, Toll -22.017 | -83.874 | =-.001 .924 .218 |2.163 |.998
o c (-2.058)| (-2.159) |(-1.064) |(3.867) | (.838)
Directory 3.188 | -10.237 | . ~-.001 | 1.348 -.377 {1.634 |.896
‘ (1.429)| (-.568)|(-1.572) |[(5.503) | (-~1.631) -
Misc. 3.503 | -6.098 | =-.001 | 1.397 | ~-.416 |1.625 |.886
(1.284)] (-.211)|(~-1.783) |(5.745) |(~1.774)
.mocal+Toll-Misc. Toll |-17.111 |-108.323 ~.003 | 1.083 .009 |2.035
, | (=1.337) | (-1.243) | (~1.439) |(4.391) | (.032)] -
,Tocal+Toll+Directory |~13.151 [-106.695 | =-.004 | 1.135 -.056 | 1.929
A , (-1.110) | (~1.126){(-2.015)|(4.450) | (~.207)| -
Local+Toll ~23.507 |-138.817 | ~-.003 | 1.000 | .103 |2.059 | .99
(-1.536)| (-1.488)|(-1.485) |(4.118) | (.395) o

. N ‘ T . . .
. - : W, 0
4 : ‘ o W (= -




i
l Table 4.1.1.
Linear Demand Model: 0.L.S.
.‘ (t-values in parenthesis)
) ' X 8 : ~ 2
' Demand Category CO 1 : g 2 D.W. R?
I Total 1651.598 ~1379.052 " 011 401 .978
; : (4.223) (~5.068) (3.889)
' Local 643,238 ~558.150 .008 362 981
(2.424) (~4.188) (5.733)
Toll 546.127 ~456.734 - .005 .220 935
(1.598) (~2.165) (1.753)
Toll-Misc, Toll 311.036 ~275.093 005 0242 934
(1.244) (~1.783) (2.333)
; Directory -30.123 7.008 L0005 1.035 . 821
l (-4.235) (5.376) | (2.566)
- Misc. ~-38.932 |- 48.339 L0005 1.053 .806
(~3.860) (4.902) (9.221)
Local+Toll-Misc, Toll 1446.241 | ~1173.877 .009 .352 973
l (3.545) (~-4.230) (2.993) .
iLocaltToll+Directory 1399.301 -1152.831 .010 .388 1977
L (3.855) (~4.609) (3.935) I
Local+Toll 1738.657 ~1410.870 .009 .360 973
(3.813) (~4.557) (2.671) S




Linear Demand Model:

c-0.5.9

{t~values in paventhesis)

46,

A 2
DemandﬁCategory BO‘ Bl 82 0y D.W.
Total 2055.058 | ~1043.557 .00 971 .827
- (4.454) (=4.777) (L.267) | (20.206)
Local 955,353 ~444.680 .004 968 - 712
(4.770) (~4.512) (1.823) 1 (19.209)
Toll 104.957 ~ 68.863 ~.003 1.097 2.261 998
o (1.362) (~1.299) | (~3.377) | (18.200) - { :
Poll-Misc, Toll 152.973 | - 86.921 ~.0004 1.134 2.083 ,998
: . (2.847) (-2.381) (~.636) | (L9.201)
Directory B80.327 ~11.548% ~. 0006 <932 1.198 .893
2 {(3.137 {(~.8785 L (-1.004) t {12, 000) '
Misc. 101.224 -12.809 - ~.0008 .938 1.161 878
(3.038) (-.689) | {(-1.971) | (13.492)
Local+Toll-Misc, Toll | 1741.904 ~834.902 .006 .973 o711 992
(4.027) (-4.229) | (1.323) | (21.002)
‘TocaldToll+Directory | L90L.555 ~869.403 005 <972 .800
o (4.486) (~4.490) (1.136) | (20.700)
Local+Toll 2063.595 | ~964.082. .006 .976 720
' : ©(3.851) (=4.280) (1.226) | (22.459) :

- NN BN N MBI e




(~1.485)

| .
- . Table 4.1.3
l ILinear Demand Model: N.L.R.
' (t-values in parenthesis)
R . - - ) P)
l Demand Category Bo Bl .32 Py Py D.VW R
' Toll ~17.485 |-134.088 ~.005 1.062 024 (1.946 }[.999
(=1.270) (~1.305) {(—~2.222). ] (4.192) (,090) _
l Local -3.892 ~35.247 -.0003})-1.523 -.473 12.010 9‘99
: (-1.046) (~.864) (-.298) 1(6.552) {{--1.919)
Toll -29.322 |~-110.274 -.00L L9007 249 12,178 (.9¢%
l (-2.058) (=2.227) | (=.791) }(3.821) (.954)
1 moll-Misc, Toll ~22.017 | -83.874 ~.001 | .924 .218 |2.163 1.998
' : {(~2.058) (-=2.159) 1 (-1.064) {(3.867) (.838)
. Directory , 3.188 ~10.237 -.00L 1.348 ~.377 t1.634 j.89¢
l (1.429)}  (~.568) | (~1.572) [(5.503) {(-1,631)
Misc. 3,503 ~6.098 | -.00L | 1.397 ~.416 [1.625 |.886
l (1.284) (-~.211) [ (~1.783) | (5.745) -1.774) :
nocal+Toll-Misc. Toll -17.111 |~108.323 -.003 ‘1.083 .009 [ 2.035 .99%
(~1.337)]. (~1.243) | (~1.439) [ (4.391) (.032)]
| _ v _ o
ocal--l-TQll-}-]‘)j_regt()]:y -~13.151 1-106.695 ~.004 1.135 ."'.05_6 1.92¢9 .999
' 3 (~1.110) (=1.126) 1 (-2.015) {(4.450) (~.207)
Local+Toll ~23.567 |~138.817 -.003 1.000 LL03 | 2.059 .90
(~1. 536) (-1.488) {4.118) (.395)
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we then adjust once. more,we can ob erve from table 4.1.3 that 62
~consistently has the wrong sign. Thus Lhe lln@ar mode] does not

perform well for Bell Canada.-

4.1..2 The Double-Log Demand Model

" For this model we estimated the equations in the form

given by'the'following subset of the nine regressions:

log % iLm°0 = 8. + 3. log BLPDTS, + £, log BLGPD

v} 1 B t 2 t

log BLLSO, = By + B; log BLPDLS, + B, log BLGPD,

. m ~: . L_p M . § 3

log BLTTO_ = B, + B; log 1; fDl‘lt kB, log BLGPD,

log BLMSO, = B, + B, log'BLPDMSt + 8., log BLGPD,

log BLEDO, = 8 + 8. log BLEDED, + & log BLEDD

et T RS M B I T e
The results for the 0.L.S. regressions are pve sented in

table 4.1.4. In most cases Bl < 0, and'62,> 0, however the presence

of autocorrelation discounts these positive findings. -Corrécting

once for autoco"velét{on significantly 4wbrov3q the results,except
- for the dllegtory and miscellaneous Categ011e . Mo;eovér,;the .
statistical tests show us that from table 4§1Q6 loéal and . the
idot three catoéorleq pelioxm bhest (ln thig cont cxts when we

adjust LWLCL for autocorrelatlon.
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Table 4.1.4
Double~Log Demand Model: O0.L.S.
(t-values in parenthesis)
Demand Category BO B4 82 v DLW, R”
Total ~10.503 ~.196 1.595 - 507 985
(~9.750) (-.692) (15.694) .
Local -10.333 054 1.528 467 981
(~9.520) (.184) (14.872)
Toll ~12.914 ~.743 . 1.728 547 992
(-9.861) (-2.678) (14.098)
Toll-Misc. Toll ~11.331 ~. 691 1.562 512 .989
(-8.186) (~2.316) (12.079)
Directory ~6.468 1.562 .937 858 870
! (~7.202) 1. (5.424) - | {11.466)
Misc. ~5.402 1.552 .836 005 364
(-7.052) (4.961) (11..385) |
Tocal#Toll~Misa, Toll -10.100 ~.225 1.546 L4697 .985
, (~-8.549) (~.756) (13.893)
Local+Toll+Directory ~10.124 ~.128 1.552 478 .983
- (~8.860) (~.427) (14,406) - |
Local+Toll ~10.668 ~.283 . 1.605 A7 L987
(~9.260) (~.985) (14.793) A '



Double~Log Demand’

Table 4.1.5

Model: ~ C-0,L,8.

(t-values in parenthesis)

'(6°337)A

: A .
) . ’ ‘ ‘ : )“‘;"]v “
- bemand Category BO Bl 82 ’pl ! :
. - ~ : 1.228{ .998
Total -2.156 ~1.,325 .816 - .812 .
(-1..997) (~-8.318) (8.044) (6.954)
. 0 2 1.012 098
Local -1.825 ~3..061 734 821 .
7 (~1.742) («7.021y ) (7.454) | (7.191)

Poll ~7.311 - ~1.566 1.205 692 1.600| .998
(-5.711) (=7.631) | (10.031) (4.795)

Toll-Misc. Toll -6.280 ° -1.455 -y = 1.092 .673 - 1.448 997
‘ , B (~4.720) (~6.586) (8.753) | (4.555)

Directory 1r.817 “ 400 -.779 884 Y 947
(2.598) (~979) | (~1.832) (9.954)

Misc. 13.286 . -.454 | . -.887 899 1,162 | .929

(2.800). . (=.941)"| (~2.028) [(L0.289)

Local+Toll-Misc. Toll|l -2.787 -1.291 863 | .776 1.178 | .998

(~2.646) (=7.719) (8.702) (6:149)
ocal+Toll4Directory | -1.963 ~1.268 - .790 . 802 1.209 | 998"
' ' (~1.850) (~7.879) (7.923) (6.712) ‘
Local+Toll . -3.190 -1.343 .907 785 1.214 1 .998
: (-2.998) {(-“8.,176) (9.061) :
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I Table 4.1.6
Double-Log Demand Model: N.L.R.
I E (t-valusg in parenthes!s)
emand Categoxy : : . N
Total ~. 068 ~.420 <166 1.334 ~,339 {2.386 [.999
l (1.447) {(~2.538)] (1.376) |(10.337) {(~2.750)
ih Local -.053 | -.276 149 1.423 | -.427 {2.032 |.o99
| l FL,407) {(-2.248)1(1.553) ;(13.623) [(~4.305) g
Toll L0067 -.6606 .439 1.078 ~-.082 [2.356 | .999
(2.624) {(~2.773)| (2.105) (5.859) (-.458) :
l Toll-Misc. Toll ° 055 ~.578 .364 1.153 -.151 [2.382 |.998

(2.024) [(~2.411)1 (1.599) | (6.304) | (~.847)

947

'

((rl
fo!]
ocr

1.318

l .. Diroctory .784 7 ©o=. 385
. ' 8) ] (5.862) |(~1.873)

(1.691) |(~1.13

l Misc. .836 ~.578 | ~1.133 1.326 ~.378 |1.560 |.926
(L.715) | (=.744){(-1.488) | (5.900) |(~1.797)
local—:-wollmmisc. Toll 046 | ~.381 232 1.366 | -.367 12.398 |.999
‘ (L.044) | (~2.146)] (1.768) | (10.247) |(-2.885) . |
ocaldTol .1V+Di3:e{_ﬁ:o-ry 063 -.400 NS 1.359 ~.364 {2.276 .)_{999
l - ©1{L1.269) ({~2.269}] (L.343); (9.98€) |(~2.815)
LocaltToll 053 ~. 431 .261 . 1.331 ~.333 [2.432 !.999

(L.356) | (~2.473); (2.057)] (9.985) | (~-2.615)




4.1.3 The Rotterdam Demand Model

The Rotterdam model fox Bell Canada can be reprezented

. : coo L
by the following subset of eguations:

1 . TR MESL - + RIS "l.-~: > 1 0 R ")\-ic(
oy [log BLTSO, ~ log A-Lryk_otwlhl_ By + B4 [ log ‘BL.-L'lut

-~ log BLPDTS, ., | + B, [log BLGPD_ - log BLS;PDt_l],

t

dit [log“B.L’LSOt - log 'éLLsntmi] = By + By [iog BLPDLE
-~ log BLPDLS,C'_“lf] + B, l_'}.og BLGPD, - logy ‘BL’GPDtNl.:]

o, [log BLTTO_ - log BLTTO,;__l] = 8, + B, [log BLPDTT_
. log BLPDTTt;___;]‘ + 8, [log BLGPD,. = log BLGRD, ]
di. [1og BLMSO_t - log BLMSO 1_l= By ¥ B, [Log BLPDMS

- log-BLFl)IIXSthi], + 8, t[-log‘ DLGRD, -~ 18 g . DLOED,, 1]
o, [Log BLEDD_ - log BLBDO, .7] = + 8, [Log BLPDBD,

it

~ log BLPDBD, .| + 6, ELog BLGPD

£ " log BLGPD lJ

Thae results fox the ordirary least sqguares estimates
are found in table 4.1.7. We can observe that the signs of Bl
and B? are generally correct. However, price appears to affect

local services in a positive fashion and this can also account for

the posg Ll ive B, in the local pluz toll - miscellaneous toll catedqorvy.
L 1 A7 ! A R

Afterxr ad-n~Ling Lox the positive antocorrelation, we see that the

estimates are generally insionificant and so we must rejecl the

Rotterdam model, even though in-all cases L has the right sign and

only for miscellancous and d1xcckﬁry categories does 82 have the

wrong sign.
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Table 4.1.7
Rotterdam Demand Model: 0.L..S.
(t-values in parenthests)
Demand Category B 8 | B D W ‘R?'
:v A . = .'.} O l 2 v n
Total .001 -.004 .001 1.135 .079
(7.839) {~1.338) (.452)
Local L6007 L0004 0003 .707 .009
{(7.153) (.278) (.221)
Toll .0004 -.004 .002 1.644 .302
(4.651) {(-2.989) (1.084)
Toll-Misc, Toll .0004 =.003 .001 1.629 207
- (4.613) (~2.309) (.828) :
Uirachary L0001 ) L0004 -, 001 L.Z245 L1865
(3.244) (1.602) [(~1.719)
Misc., 001 -.005 .002 2.44] 320
(9.969) (-2.781) (1L.075)
Local+TollmMisc.lel :OODl .0007 ~,001 L.174 251
(3.843) (1,922) [(~2.449)
Local+Toll+Directoxy .00 ~-.003 002 1.041 0h2
(6.737) (~1.008) (.694) ‘
Local-+roll 001 ~.002 001 1.008 030
: (6.949) (~.795) (.402) ‘




‘Table 4.1.8.

Rotterdam Demand Model: C-0.5,.5.

(t-values in parenthesis)

Demand Category BO. ‘Bl 62 Py D.W. R
Total 001 ~.005 .002 158 2.441 320
T (9.970) | (=2.781) | (1.075) | (.765) ~
Local 001 - 302 .001 394 2.135 432
(L0.580% | (~1.705) | (1.281) | (2.057)
Toll .0004 ~.004 .002 124 1.935 351
(4.265) | (-2.968) | (1.221) | (.600)
Toll-Misc, Toll 0003 | ~.,003 .001 084 2.022 | .277
(4.417) | (~2.607) (.994) | (.407)
Diractory . L0001 ~. 0004 L 0004 .746- 1.570 467
) (1.606% [ (~1.732) § {~1.318) ; (5.372) i
Misc. L0001 ~.0002 ~.0008 .636 1.617 463 I
(2.074) | (~.466) | (~2.381) | (3,951)
Local+Toll-Misc, Toll .0009 ~.004 602 222 2,352 284
- ‘ (8.096) | (~2.264) | (1.485) | (1L.094) .
LocaltToll+Directory -0001 ~,004 002 .238 2.338 260
- (8.4706) | (=2.09%) { (1.083) | (i.176)
Local+Toll .001 - ~.006 003 150 2.322| .353
: (8.683) | (-2.966) | (L.714) | (.727)

. L .

R
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4.1.4 Partial Price Llaqtic"

es of Demand

In this section we report

of: demand for Bell Canada. For the

formulae are:

BLPDTSt 1
e B - partia rice
Bl BL‘l‘SO,t P P

in period t.

LPDLSf
Bl ﬁﬁi@ﬁ;ﬁ~ = partial price
in period t.
BLPDTTt
Bl BEFT0 -~ partial price
w
in pex ciod t.
BILPNMS,

) -

pJ ﬁ‘m—‘ - pdl'l;ld.t. price

the partial price elasticitie:

linear nodel

elasticity

eélasticity

elasticity

od t.

elasticity

toll demand in period t,

demand in peri
BLPDBDt
81 EW - partlal price
-

In the linear model the el
time, because Bl ig just the rate of
by the

model, is defined by the trvend of

The elas
~12.724 in 1850 to ~.750 in 1975 for

demand -7.897 in 1950 to ~-.56% in 19

Licities for the 0.5L.

asticities

change.

g, est
the total

75, fox

imalt

of

of

55,

a subset of the

totél demand -

local demand

tecll demand

miscellaneous

-

local plu

are variable over

Indeed,

velative prices to

{cwang

tOll N16e899 tO A

we can sece

formulae that the trend of the elasticities, in the linear

demand.

tes ranged from

for loca

573,
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for tqll minus miscellaneous toll ~10}600 to‘~.452, for directory
4,233 to .881, for miécellaneous 4.092 to 1.014, for localfﬁlﬁs
toll minus‘miscellaneouS'foll »12.185-to ~;733, fér local plﬁs
ﬁoll plusldifectoryA“Il;lSS to ~.703, for local plus téll:
,;14‘461 to —~.789. Therefore We.find that for ail the'céseS-whefe
‘Bi < 0 the elasticitigs’increase bvér the'éample;‘and for the caseé
ﬁhere Bl > 0 the elasticities dec;ease over the ﬁeridd.' Indéed,
for total demand a’l%‘incréase in the price of total.servicéshlec

-

to 12.7% decreage in demoand in 1950 while onliy 8% decrease. in 19
o

For the Cochrane-Orcutt estimates of the-linear'model.
the ranges of the elasticities are, for total demand -9.629 in

1950 to ~.568 in 1975, for local demand -6.292 to «=.450, for toll

demznd -2, %48 to ~,(686, for toll minus miscellancous toll =3.345

to -.143, for directory ~1.321 to ~.275, for miscéllaneous_~l.084

to ~-.269, for local plusg toll minus miscellaneous toll ~8.666 to

-.521, for local plus toll.plus directory =~8.362 to ~.527,

and for local plus toll -9.882 to -.539, In this set of elasticities

the signs are all correct hecause B] < 0 for all the sérvices

under the C-0.L.S. estimates. Moreover for all the elasticities

the values are monotonicaliy increasing.

~ .
L

The nonlinear regression estimates for the lincar modea!
exhibit the same trend as in the previous cases. For total demand

. ey -

the rance is -1.237 to ~.073, for local demand ~.499 to ~.036,

for toll -4.080 to -.138, for toll minus miscellaneous toll demand

=3.232 to -.138, for directory -1.171 to ~.244, for miscellaneous




i
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- ~.516 to -~.128, for local plus toll minus miscellaneous toll

~1.124 to -.068, for local plus toll plus directoryt—l,OZG,

to -.065, for local plus toll -1.423 to ~.078.

The double-~log demand model incorporates the assumption
of constant price (and income) elasticities over the éample‘period.
Thus for each category (given the estimation technique) we get
a single elasticity. For the 0.L.8. estimates, the elasticities
are, for total -.196, for local .054, for toll -.743, for tbll
minus miscellaneous toll ~.651, for directory 1.562, for misdellaneoﬁg‘

1.552, for local plus toll minus miscellaneous toll ~,225, for

local plus toll plus directory =.128, for local plus toll ~.283.

The Cochrane~Orcutt estimates are, for total -1.3, for

local -1.1, for toll ~1.6, for -£oll minUs miscellaneous toll =-1.5, '
‘ |

for directory -.4, for miscellaneous -.5, and for the last three

]

categories the elasticities are all -1.3.

The nonlinear regression estimates for each category .

.

are =.420, ~.276, ~.566, —.578, =.654, -~.578, ~.381, ~.400, ~.431.

The last group of elasticities pertains to the Rotterdam
model and it's method of estimation. The elasticities, in this

context, are compubted by dividing the B, estimates in tables 4.1.7

~
=
~

and 4.1.8 by a... Sisce o,, (ag defined in section 2. and footnote 1

it 1.0

is & variable, the partiasl price elasticity of dasand is variable. A

For ordinary least squares the elasticities tend to
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fluctuate over the sample period for each type of service. The

range for total demand is ~-.210 to ~.410, for local demand -:047

to'.lOz, for toll -.561 to -1.425, for toll minus niscellaneous

toll -.444 to ~.931, fox directory'2.454 to‘.494, forx miscellaneous

3.384 to .730, for local plus toll minus m_gce7lanﬂou~ toll ~.179

to ~.350, local plﬁs tolljplus directory'F.l43 to —.280,.for

'local plus toll ~.265 to ~.516.

The C«O.i.s.ﬂestimates of the Rotte rdaﬁ model yield %he
following range of values for the eJavt1c3t1e in the nine deménd
categories, ~.31l to -.606, ~.154 to ~.330, -.575 to ~1.460, -.484
to ~1.014, -.490 to -2.430, ~.183 to -.848, -.292 to ~.570, ~.271

to ~.528, ~.353 to —~.689.

We previously .’ ated that for Bell Canaaa the eauations

‘which gencralLV yielded the best results were the double- ]og C~O‘L...

estimates. Moreover, because we ultimately'will integrate the

demand module into a more complex framework. relating such variables

as revemias, costs and rotes of return, we are intexested.iﬁ the
vaiue of the price elasticity of demand. From economié theory we
are. aware that a monopollzp’(dlvcn a particular goograph1caL
location) must'always have‘avprice'elasticity'smaller or equal

to ~1.000. We can see that the price elasticity for total demand

given from table 4.1.5 is ~1.3, and this ficure is consistent

wilh economic andl gia.

- : " 2
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4,2 B.C. Telephone

4.2.1 The Linear Demand Medel

The first eguation we estimated for British Columbia
Telephone was the linear model given by eqguation (12). Table 4.2.1

presents the results for the linear case when we used ordinary

least squares and estimated the equations for the period 1961-1975,

BCTSOt= BO -+ Bl BCPDTSt+ BZ BCGPD

TN 6 PRLS 4+ 6. CGPD
BLLQOt 80 + Bl BClLLut+ Sz BCGPD

t
t

BCTTO, = BO + B BCPDTTt+ 8., BCGPD

. £ 1 2 t S
M — 3Ty M 3 D :
BCMSOt BO + Bl BClDMSt+ 82 BCGlDt
= - 1 o ’ ™
BCBDOt BO - Bl BCPDBDtF 82 BCG-*Dt .

The results for the_O;L.s.'regressions are such that,
although in all cases 62 > 0 and so we should and do find Bl < 0,
there is serial correlation, which is reflected by the low D.W.

gtatistic.

Cerrecting for autocorrelation we find that the results

~significantly improve. Indeed, for the toll category there is a

radical change in the cocfficients and their importance. We
also find that the estimate fox gLin cach case is significant but

the serial correlation still persists, as found in table 4.2.2.

This time we estimated the linear model using the nonlinear
approach becauge we are twice correcting for auvtoccerrelation. These

results appear in table 4.2.3. We can observe from table 4,2.,3, that
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Table 4.2.1 |
Linear Demand Model: O©.L.S.
(t-values in parenthesis)

, 2
‘Demand Category 'BO ,Bl 62 ! D.W. . R
Total 352.602 | ~318.667 | .014 | .429 979

C(2.096)] (-2.631)1 (2.130)

Local. 166.888 | ~134.175 .005  [1.208 ©.989

' ' (3.488)] (~3.863)| (2.482) |-

Toll - 3.166 | -47.920 015 .487 .965

(.033) (-.723)1 (3.787)
Migcellancous 23.838 22,712 L0005 $58 .985
(7.1.37)1 (~3.692) (4.014)
Local + Toll. 282.308 | ~262.804 .015 L4771 .978
(1L.746)| (-2.272)| (2.402) : o
Table 4.2.2
Linear Demand Mcdel:  C-0.L.S.
A (t-values in parenthesis)

o ' , 2
Demand Category £y By B, | Py - b.w R
Total 386.142 |-386.84¢ . 016 .764 1.332 .954
‘ 3.624) | (~5.183 (3.352) (4.437)

Tocal 176.676 |-144.058 L005 .544 1.805 .990
(3.582) | (~4.061) | (2.284) (1.371)
Toll 111.444 |-159.695 014 +749 1.198 .991
(1.818) | (-3.630) | (4.815) (4.234)
Miscellaneous 15.372 | -17.132 .0008 .700 1.578 599
(2.668)] (~4.510) | (3.037) (3.666) ’
' Local 4+ Toll 365.383 {~36G4.283 016 .753 1.380 993
(3.471) . (~4.895) | (3.294) . | (4.281) '
§
———d
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l » : Table 4.2.3
_ Linear Demand Model: MN.IL.R.
l (t~values in parentheszsis)

4 - 2
\lmazﬂd Category: 60 'Bl 62 : ey 0, D.W. R
Stal ~30.728 |-116.986 -, 0007 1.016 164 1.837 998
i (-1.70L) ] (~-2.219) (-.116) | (2.248) (.322) T
Local ~4.728 | —-21.542 (-.005 .488 .653 2.078 .994
l (-.511)} (-.585) | (~1.050) | (.960) (1.167) |
Toll ~18.345 ~64.925 .004 1.243 ~.004 2.120 .998

(~1.892) (-2.643) (1.075) (3.830) (-.010) .

ilscellancous 4.402 -14.35¢ L00L . 892 ~. 280 2.034 893

(1.259)] (-3.268) (3.289) (3,003} ((-~1.042)
cal + Toll ~26.279 |-108.132 ~-.001 1.058 .106 1.787 ‘.998_
(-1.507)| (~-2.033) (=.252) | (2.276) (.202) - '




using the non-linear regression in.order to compute the estimates

from the double correction specification, that for all categories

02.

This outcome could be due to the. fact that we are using Bell'sg

t
data as an.approximation for the output prices.

" It appears then that the C-~0.L.S. approach to the linear

model for B.C. Telephone yields the best results.

4.2.2 The Double~Log Demand Model

In this section we estimated the double~log equations,-

which for B.C. Telephone demand categories .ares

~log BCTSC, = 8, + By log BCPDYS, + 8, log BCGPD,

“log BCLSOt= BO log BCEDLSt+ 62 log.BCGPDt

log BCTTO = log BCPDIT + B, log BCGPD

t

log BCGPD,

i...l

log BCPDMS  + 62

log BCPDBD,*+ B

log BCMSQt= B, 1

=W
+
w w = o ™

1og'BCBDOt= B+ log BCGPD

1 t

The results for the 0.L.8. estimates are presented in |
table 4.2.4. We find that for all caseSBzA> 0 and Bl < 0. .In
addition, the coefficients Ffor each category are all significant

while there does geem to ke a minimal degree of autocorrelation;

exceplt for miscellaneouz demand, becavse of the residual nature
of the component, the autccorrxelation is guilte severe.

- For the Cochrane-QOrcutt adiustwent the results are found

in table 4.2.5., Again. we f£ind that the price and income effects

is insignificant and so the second adjustment is inappropriate.
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. Table 4,2.4
.__ Double-~log Demand Model: 0,L.8.
' (t~values in parenthesis)
‘ 1 Categor B 8 B D.W R
.. ‘ Demand Caltegory 0 b 2 J.
-Total ~5.296 ~1.077 1.138 1.543 .999
. (~11.072) ! (~-8.634)..| (21.057)
Local . =3.183 929 . 826 1.878 .997
' (~5.255) (=5 924) A12.037) '
Toll =10.576¢ -.873 lL.641 1.334 999
| I ) (=15.496)} (-5.191) (21.3€4)
) Miscellaneous - =7.000 -2.409 950 .809 944
: (~-3.616)] (-4.168) (4.324)
l Local + Toll -h.486 A -1.016 1.156 1.932 99-9
' (-12.197)} (~8.779) (22.743)
' Table . 4.2.5
I Double-Log Demand Model: C-0.L.S
(t-values in parenthesgis)
“ Pemand Categor 3 g ‘ ®?
emand Category |, BO f)l 82 Py D.W. R
Total ~5.417 | -1.069 1.152 .180 1.956 999
(-9.609) 7.860) (18.111) (.686)
lLocal -3, 319 ~. 907 .841 .030 1.996 996
(=4.741) | (~5.288) | (10.628) (.113) '
Toll ~190.209 ~.936 1.600 .336 1.644 .899
' (~13.042) (~5.1%4) (1L8.195) (1.333)
!
Miscellancous ~12.086 L.517 1.516 557 2.1.36 L9069
| (~3.048) | (~2.023) | (3.412) | (2.510)
Local + Yoll -5.586 ~1..000 1.167 - -, 024 1.998 .999
11.593) (-8.317) (21.462) | (~.089)




Table 4.2.6

' - Double-Loy Demand Model: N.L.R,

(t~values in parenthesis)

Demand Category) = B 8, By | oi B Py
Total ' | -7.156 | -1.015 | 1.184 .128 | =3.829

(=2.647) (-6.004) (16.347) /(.350)‘ (~=1.175)

Local —4.568 ~.958 .832 1 .os3 -.493
(-2.189) | (-3.731) | (7.646) | (.212) | (-1.022)

L. 564 572

SToll 4 ~9.706 ~1.030 1 i : —. 554

| . (-1.832) | (~3.041) { {(9.850) | (1.734) (-1.593)

Miscellaneous ~12.314 ~-.493 2.156 . 266 : 042
(~6.411) | (~1.095) (7.207) 1 (1.571) - (.296)

Local + Toll ~8.958 ~.962 1.188 | ~.040 |  ~.512
(~2.372) | (~5.706) | (16.897) | (~.098) .|(~1.347)

i bt A LRy Y8 4 i b e A 0 AL sl it e b P

) . b
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have the appropriate sign, however Py is insignificant in all
cases except the miscellaneous category. This result is what

we expected, gilven our conclusion concerning the 0.L.S. estinate

Therefore one would have %o say that, for. the double~iog
eQuation, the simple'ordinary least squares estimates ére préfe~.
rable (except for the miscellaneous category) and it{}s of little
value to analyse the nunlwnoar regression, but foxr completoness

we present the results in table 4.2.6-

4.2.3 *The Rotterdam Demand Model.

* In this section we estimate equatidn (19) which in this

conteaxt g.ves the following system of equatwons-

- - - r.. ..
. "1 «Q = ) “ . JArn ey
log BLTuot_lJ BO t Bl | Log BbPlet.

log Bcpnmst__ﬂ + By I:log BCGPD,_ - log BCGPD{.__l:[

OLiJ:log BCTSO0,

i

oaitjlog‘BCLSOt ~ log Bcnsot_ﬂ = By *+ By l:log BCPDLS, -~ log BCPDLS‘,C”_]]
+ B, Elog BCGED, - log BCGED ]
u’i‘t;log BCTTO, -~ log BCTTO, ;} = 8, t By {103 BCPDTT,
. - log'BcPDTTt_ﬂ + By :_log BCGPD, - log BCGPDt__l]
(xi_t:log BCMSO, - log BCMSO. ] = B, + B ljlog BCEDMS,
- log BCPDMS, _ ﬂ + B. 2 Loy Bcspbt ~ log BCGPD, l|
o :10(._{ BCBDe, - log BCBDO, L! o + -83. g”l g BCPDBD,
- log LCPDLrtwi] + 82 :}og BC%PDt ~ log ECQPDtmﬂ v

The results for the ordinary lecast squares e“twmauoa

are found in table 4.2,7. We can observe that the income (82) and
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Table 4,2.7
Rotterdam Demand Model: 0.5L,.8.
(t-values in parenthests)
Demand Category 80 431 5, D.W. R
Total .0008 ~.019" .010 1.940 .496
N T(2.125) | (~2.743) (2.295) -
Local ~.0008 -.00005 ~.008 1.786 009
(2.856) (-.002) (~.264) -
Toll .004 -. 006 .008 | 1.393 L5472
(1.465) | (-2.321) | (2.613)
Miscellaneous -.0005 ~.002 .001 "1.527 .519
o ' - (~.698) | (~3.269) (1.225)
Local + Toll .009 ~.009 .009 2.030 .505
- (2.964) | (~2.630) (2.539)
Table 4.2.8
'Rotterdam Demand Model: C-0.L.S.
(t-values in parenthesis) _
Demand Categéry R ' f R ' o) DLW : R2
- & .-'. .k O l -2‘ l . - . )
Total .0009 ~.012 .010 L0L17 1.671 .495
- (2.127) | (~2.622) (2.117) (.057)
Local .0008 . L0064 L -, 001 L0980 1.837 018
(2.757) (.113) | (~.400) (.313)
Toll .G004. | -.008 .00 L2725 1.715 G20
(1..807% {(~2.961) (2.59° (.801) '
Miscellanecous “,0002 ~.003 .002 494 1.317 .604
' (~2.020) | (~3.634) (2.840) |(1.970) :
Local + Toll . L0009 ~.000 . 009 ~.044 1.846 510
: (2.899) . | (~2.601) (2.380) |(~-.154) ‘

i

T
4
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price (Bl) effects have the correct sign for_all categories. - In

- addition, for the total and local plus toll regressions, not only

. . ]

o

are ‘all the variables significant, but there is virtually no auto-

correlation., The toll category cannot be analysed due to the

autccorrelation,while the local results show wus that .the adding-up

restrictions do not approximate the txue'structural characteristics.
Therefore because of the generally gdéd results for the Rotterdam

model using ordinary least squares we adjusted for autocorrelation.

The results for the ﬁodel corrected for autocorrelation
are presented in table 4.2.8. We find that for total and local
plus toll wherxe the'reéults vere favourable the correction was not
a factor and wheré the results were unfavourable as in the local
category theve was basically no‘}ﬁprovément. Cne must conclude -
theh that on the whole the Rotterdam model;in particular the
imposition of the addingnﬁp constraint, does not perform well for

B.C. Télephoneo

4.2.4 Paxtial Price Elasticities of Demand

In this section we report the partial price elasticities

of demand for B.C. Telephone. For the linear model the fommulae are-

BCPDTSt :
@l BEWEGT T ~ vartial price elasticity of total demand
.’4>L.'.Lt' )

in period t.

BCPDLLS : '
Bl EETgﬁui - partial price elasticity of local demand
e t
* in period t.
VOV TYIT
BCPDTT,

Si SETTo - partial price ¢lasticity of toll demand
SN : A

in period t.
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BCPDMS

t - . ‘o s N } .
Bl EEMS@ - partlal’prlce elastlc;ty oﬁ miscellaneous
‘derand in period t.
BCPDBDt .
T - et PR -' v it o ~evoy ] lus
Bl L“BUO partial price elasticity of local plus

tinll demand in period t.

We must notice that in the linear model the elasticities are
variable over time because the estimated coefficient gives the

rate of change and not the percehtage rate of change.

,—r'

First we discuss the elasticities which were computed

for the linear mbdel using O.L.S. estimates. The range for the

total demand was from -5.835 in 1961 to -.758 in 1975, with monotonic

’increasing values foxr the fig gures., _The.local demand(n1mbovy‘wmre
élsc monotonicélly incréasing Qfﬁh'é rangé fromllq.901 in 1961
”éo 7°5 in 1975. The toll_demand ranged Lrom ~2.865 in lJ61

lbo a Ponblnual increase to ~.222. In addition the ﬁiscéllaneoué
and local plus toll elasticities also lncrcaged from a low of

~7.451 to a high of -1.226 for mis colJan ovg, and -5.125 to -.655

for local plus toll. Hence the linear.model restrictions vield there

be a graﬂu 1 decrease in the responsiveness of demand to a change
in the price of the telephone service; for example a 1% increase

in the price of total '3]cphonc services caused a 5.8% decrease

C

in the tetal demand in 1961, while a 1% price increase. for scrvices

only cauzed & .8% decrease in 1975,

0o
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. When we estimated the equations using Cochrane-Orcutt
least'squares technique we found the elasticities to monotonically
increase over the sample period. For total demand the range was

from ~6.753 to ~.878; for local demand the range was from ~4.188

i

to ~.789; for toll demand the range was from -9.549 to ~,740;

for miscellaneous demand the range was from -5.621 to -.925; and

LTy

finally for local plus toll demand the range was from —7.104 to
-=.%07. Again there is a gradual dlmlnutloﬁ of the responsiveness

~

of demand for telephone Sarvioe:

(:.

te the prices of these gervices.

Ag in the previous two casesg, for the linear model which
was btwice corrected fof serial correlation the eiasticities
exhibited a dec easing damand responsiveness to price. For totél_
Acmand yore
the fange.waﬁ -.626 to ~.118, forx toli demand ~-3.882 to ;.301, for
miscellaneous ~4.710 to ~.775, and for local plus toll -2.109 fé:
~.269. "

In the doukle-log model we constrain the partial price

elasticities to be constants. Indeed they are the coefficients.

calied Bl in tabies 4.2.4, .5, .6. From the ordinary least squares
we have, -1.077 for total demand, -.929 for local demand, -.873

for toll demand, —~2.409% for niscellancous denand, and -1.016 for

local plus toll. demand. From the Cochrane-Orcutt m0taoc the
clasticities are -1.06% for total, -.907 for Jlocal, -.93¢ for toll,

~1.517 for wmiscellansous, and -1.000 for local plus toll. Finally

the twice corrected estimates yield the elasticities to be -1.015

for total, ~.958 for local, -1.030 for toll, -.493 for mlscellanOOIS,

and -.963 for local plus toll.
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The third model estimated was the Rotterdam and once
more we had. variable partial price elasticities of demand. In

‘each case the Rotterdam model eiasticities are the 8

1 LOCffLLJeﬂL“

from tables 4.2.7 and 4.2.8divided bya.t. Since Oy s which is
the two-year average share of the expenditure on any. Lelephone

.service oul of the income in the carrier's jurisdiction, is variable;

then of course the elasticity is variable.

For ofdinary least squares the elasticities tend to
filuctuate over theAsamplg period. This is dﬁe to thé imposition
bf the adding~uo'restriction,which.Wag described in section 2.

The elastlcltles for total demand ranced from ~.641 to ~lj254, for
local ‘demand from ~;0005 to ~.001, for toll demand froms".SSO to-

=1.133, for miscellapeous dewend from —2.30C to ~5.005. and - for - .

local plus toll demand from -.520 to -1.009.

For C-0.L.S. estimates we have, a range of -.639 to

!

- ~1.250 for total, .035 to .086 for local, ~.785 to ~1. 534 for toll,
~3.242 to -6.493 for miscellancous, —~.517 to ~1.010 for local plus

toll .-

Recal Jihg that for B.C. Telephone the equations whiéh
yvyielded the best results, on average, were the double- ~-Jog @&ledLPd
hy ordinary least sguares. vsince demand COndlthDS deternine
ravamnues, and we are interestéd (for the intégraﬁcd mo&éi) in total
reveaues and therefore total demand,,the-parﬁial price clasticity

vol

of total demand will play a crucial role in our multancous model .




Moreover from economic theory we know that a firm operating as

a monopoly in its own jurisdiction must always have an elasticity

- of total demand smaller than ~1.000, then the price elasticity from

the double-log 0.L.8. specification.of -1.l is consistent with this

N

theoratical result.
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4,3 Public Carriers
In this section we estimate the‘demald characteristics
for the wcgrugr“103 of Alberta Government Telephones Edmonton

Telephones, Sas Lauchcwan Tolecomnunlcatxons, and Maultoba mClehbﬂ@

System.

4.3.1 The Tinear Demand Model

The linear equations for the public companies are

S
‘IUGLDt

TGGPD

T J.DOt = B+ TGPDJ_St -+

TGPDT.S, +.

R B

TGLsot,= B. + B B
TGTTOt == Bo + 31 TGPDTTt:+ B TGGPD

B B

8 B

t"
t

TGMSD, = Bn'+ TGPDMS,. + TGGPD+

N

TGBDO, = B, + B TGPDBDt. TGGPD

t t

The results for the O0.L.S. estimates are foﬁnd in

table 4.3.1. In all cases 8? > 0 and Bl_<‘0_(in bther words all

telephone services are normal commodities). The results are gene

rally good except for the presence of autocorrelation, suggest

by the low D.W. statistic, although the miscellanecous demand

equation does not show an important price coefficient. This

occurs because of the residunl natureé of the miscellaneous category.

ed

We must notice that the strong price effects from local  and toll
swanp the weak respons 2 Lrom misr.:e].:].;.w.neous: domand, as depicted L /

the highly s 1gn11J cant price term in the demand ccudt¢on for totam

telephoene services._ We should be carcful in interpreting the

values, bhecause of the presence of autocorrelation.

= -
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Table 4.3.1 .
l, "Linear Demand Model: 0O.L.S..
' (t-values in parenthesis)
Demand Cateq‘or" B B 3 . D.W | R
' EL Lx - j 10 J. 2 i . « K% &
. Total-.. 291.147 | -315.392 .019 1.137 .-990.
. (2.575)| (-4.079)| (5.877)
Local ’ 161.665 | -136.732 .005 .652 ©.995
l o 0.074) (—-7.451.)_ (5.891)
: - Toll 22.489 ~06.918 .Ql6 1.379 .8816
l (.291) (-1.513) (6.840) . ‘
- Miscellaneous ~1.260 | ~4.043 .001 1.753 981
(=.197)| (-.851)| (7.870) |
. Local + Toll 246.137 |-278.272 |  .019 | 1.103 .988
(2.225)} (~3.703) | (5.914) - :
_ Table 4.3.2
l Linear Demand Model: C-0.IL.
l (t-values in parenthests) !
A 4 3 X
:l Demand Category - B, Bl 8., Py D.W. R
f Total - 524.163 482.819 .014 555 1.54] 964
. (4.744)] (-6.33831 (4.295) | (2.493)
Local | 181.542 | ~152.215 004 587 .znv L2977
l (7.630) (-9.354) (5.954) (2.715) :
: Toll ‘ 231.815 {253,830 LO1L CAGY 1.733 . 981
I : {2.629) (~4.144) (4.417) (2.000)
‘ Miscellaneous - 20.311 -18.214 .0006 .499 2.071 . 988
: (2.946) (-3.794) (3.165) (2“1.52) _
l Local + Toll 500.809 |[-473,223 013 .567 1.531 7 .994
: . {4.800) (-6.428) (1,374) (2.573)
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‘Table 4.3.3
Linear Demend Mcdel: W.I.R.
(t»valugs in parenthes:is)

| : | . S | | o
iPemand Cetegory BO ﬁl 82 Py | Py b.W. E R
I - 8
Total |-77.447 |-260.275 | .002 797 | .428 | 2.385 | .999
! | (-3.896) | (~8.440) | (1.387) | (3.0L4) | (1.386)
l . . : : .
iLocal J-12.010 ~97.265 .002- 1.106 ~-.009 2.109 | .999
| ' (~1.823) | (~6.567) | (2.013) | (3.444) | (-.025)
1 . . A
“Tol] {-44.032  |-150.209 L0002 1.106 109 2.226 1 .99a’
H ' (-3.166) | (-6.009) | (.113) | (5.246) (.426) N
WMlscelldncous ~.064 | 1.484 | -.0009 | 1.069 - 070 ] 2.220 | .993
i | (~.084) (.292) | (~.439) | (3.076) (.182)
:Local + Toll  |72.061 |-251.989 L002 | .926 .289 2.484 | .999
| (-3.689) | (-8.141) | (1.354) | (3.721 (.987) '

S S SE SN BN NS NS 0NN B GNP AN NN BN BN BN NN NN




Correcting for autocérrelation we f£ind that from
table 4.3.2 the.results improve over the C.L.S. estimates. .In
all cases 62 > 0 and 81 <~0, and the t-values show that the
variables are more significant, once we adjust for serial corre-~
lation; However, in two cases, local and local Plus toll the

D.W. statistic suggests that we should correct. for. autocorrelation.-

The results for the nonlinear regression are found in
table 4.3.3. We see that Py ig insignificant for all the demand
catégories,’and the income effect (82) ié‘not~significant for all
services except local demand. Thus for the linear model the
C-0. % \ he the hest ones |

v -

4.3.2 The Double—~Log Demand Model

The double-~log model, in this context, is represented
by the following equations:

log TCTE0, = BO'+ B8, log TGPDTSt + ﬂz Log TGGED

t 1 g " ‘

log TGLSO, = B, + By log TGPDLS, + B, log TGGPD, -i
log TGITO,. = Bo - 31 159 TQPDTTt + Bz‘loq TGGPDt t
log TGMSO. = B, + 6, loy TGPDMS, + B, log TGGPD, _ : .\
log TGBDO, = By + al log TGPDED, + B, log TGGPD, 1
' I

|

The results for thée ordinary least sguares estimates
are found in table 4.3.4. For all the categories, except
miscellanecus, the price effect is negative and fox all the

services f,, the income effect, is positive. llowever, we cannot
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Table 4.3.4
Double¥Log_Demand Modeal: O;L{S.
(t-values in parenthesig)
Demand Categoxry ' g 8 B DV R2
emanc Laregory , 0 ] 2 . '
Total ' | ~5.845 -1.411 . 1.181 454 .982
f (~2.162) } (-2.581) (4.057)

Local ' ~3.455 ~J 284 .829 .371 .980
‘ ’ (~1.565) | (-2.896) (3.482) ‘

o1l 7.600 | ~1.754 1.303 .594 .983

) (~2.476) | (=2.997) |. (3.958)
Miscellaneous ~17.829 .842 | 2.147 | 1.790 970
* (~9.440) (1..885) | (10.520)
Local + Toll - -5.228 -1.544 | 1.109 468 .983
i (-1.963) | (<2.907) (3.868)
C Fable 4.3.5
DoublewLog Demand Model: C-0.L.S
(t-values in parenthesi.s)
Demand Category 'ABO f Bl 82 | Py | ' D.W. - ‘ . R2
Total ©1.800 | ~1.103 LA23 .918 | 1.588 .098
(1.246) | (=5.276) (2.653) (6.675) o ’
Local | r.40r p -.921 352 2918 .995 .997
: (1.031) | (=5.223) (2.555) (8.633) |
Toll | 445 ~1.019 | .524 923 1.510 | .996
(.185) | (~3.395) (2.165) (9.004)
Migcellanzsous - =3.536 S A 622 L6530 1,447 .991
. (-1.765) | (=3.787%) (2.902) 1 (3.036) '
fLocal + Toll 1.741 | -1.098 L4281 L9225 1..A18 L9907
| (L.0a7) | (~4.750) (2.481) (9.0%9).
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. Table 4.3.6

. : Double-Log Demand Model: N.L.R.

l (t-values in parenthests)

i "Ci Categor A ‘ B B 0 p : l D.W . 'Rz ‘
Ill_ha.‘l ategory - Py By 2 e Py ) Py = ) o W . ro
Total .203 ~,940 .314 . 850 .09l 2.328] .998
' (1.935) | (~4.118) (1.979) . . (2.793) (.306)

Local .064 -.894 |  .383 1.381 -.444 | 2.3751 .998
l (.782) | (~3.284) (2.827) (4.397) t(-1.420)
Toll J1456 -1.118 . 370 L9800 -, 058 2.452 1,997
(.994) | (-3.682) (1..649) (3.654) (~.220)
k!scellaneous L1009 ~.382 1~ .050 1.139 -.161 2.864 1 .994
(1.144) (~.828) | . (.199) (5.480) (-.865)
cal + Toll CLLT5 ~.982 332 |. .966 -.023 | 2.443 | .998
(1.742) |(=3.906) (2.027) (3.340) (-.080) -
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take much stock in these results because of the very high-

auto~correlation which of course biases the values of the parameters

and their t-values.

Once we corre&t for éutocorrelation, we see from
table 4:3.5, an anormoua'Lmolovpmrnt in the D.W. statistics,
.éep+ for the local oerVLcem.‘ Mbreover, 82 > 0 and Bly< O'.for
all of the demand categories, and the values, of these coefficients

are significant.

Because of the inconc].usiveness of the D.W. statistic,in loc;l

category, it appears interesting to run the model correcting twice
for serial correlation. rlecn LQSthS are preqentcd in table 4.3.6.

In all cases we find that p, is insigniflcant-and therefore we

- . . s . . : RS 'ﬁ;! ']
can immediately dismiss these estimates. Conseguently, for the
double~loyg motGel the bUbuLa“u‘Urcutt esvTimates appear to ko the

4.3.3 The Rotterdam Demand Model

The equations of the Rotterdam mod@l'aref

B [Tl — |1r;mc I 5 ) 1:1 ;:\ TS
o Llog TETS ()L log OL l] B. + B [}oq rGED "

it : - |
~ log TGPDTS, l'l B, [1 og TCGPD. - log '.[‘GGI?D_t__J-]
Py . (" . P ‘-:,. g, “.- g 4 -
'U.itLlog TGLS0, - log TGLE 0 - ]l By *+ By !_]_og TGPDLS
. 5 -
i g W JA‘) ), 10 - ‘l { m ) 1-')] o . Py
log WGPDTS twﬂ b B, [Tog TGGPD, loq Bele D, 1;
o, [log TGETO, - log '[(:P"-’t-»ﬂ By + By I]‘ocr TGP,
~ log ’I’C;I?i;‘ﬂ?’;‘,‘,ﬂmi] + 8, Li g WGEPD_ ~ log TGGt’l)_tw']!
R e o AR . - SRSy ”.1- FE : m B )
ai_t LJ.C)«_,, fGML)Ot log J.(:L’.f.,_.JtN:]:; By + Pl iiorf IS )N,C‘ui_
- log 'L'Gpmvis, IJ + B, i]oq RGGPD, - Log u‘GGI’DtMll
u_LtL.Log LGEDO, - log LCBDO, lf = By [J-cf; TCRDBD,.

- log WEEDEL J + by T]og TCCED, — Loy TGGPPt“l} )
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l Table 4.3.7
l Rotterdam Demand Model: O.5L.S.
(t-values in parenthesis)
I 9
_ Demand Categoxy BO ‘Sl i 82» D.W. R
l Total i) ~.014 004 2.045 540 .
' (4.805) | (~2.927) (1.329)
l ' Local .0004 ~.005 .0008 1.572 .465
(3.859) | (-2.832) (.715)
l Toll L0007 ~.007 .003 1.768 423
: (2.758) | (~2.007) (1.300) |
Miscellaneous .0001 L0004 L0001 1.680 072
1 l (3.388) (.847) (.368)
Local + Toll - .001 —. 014 .004 1.782 530
l (4.280) | (~2.815) (1.282) o
' " Table 4.3.8
l Rotterdam Demand Model: C~0.L.S.
(t-values in parenthésis)
' i . R 2
. Demand Category By By B, wpl D.W. ] R
lri'm—_al .00 015 .003- ~.151 2.164 621
. (5.788) |{~3.452) | (L.277) (-.530)
l Local L0003 —-.005 .002 .465 1.994 502
(2.230) |(~2.483) (2.050) (1.820) .
l Toll L0067 . G0 .003 008 2.440 GAd
' (4.642) |(~3.326) (1.366) (.027)
. Miscellaneous L0061 L0005 L0002 - 354 2,975 154
- (6.6L7) (2.,918) (2.030% 1(-1.31L)
» Local + Toll .001 “—.015 004 '—"01}4 S 2.244 630
' : . ‘ (5.156) |(~3.430) (1.395) (~.1.53)




presented in table 4.3.7. Fot the . total demand, there is virtually

no autocorrelatién_and By < 0,.82 > 0, but the income effeclt is a
marginal variable} The toll and lo;@l plus toll are acéeptable

équﬁticns but again the income:effect is_insignificgnt. The

miscellaneous éategory, due tovthe.random noise from the data,is

a very pooxr f£it. When we adjust for éutocorrelation‘fthere~is,only
a marginal improveménﬁ in the démand for local services. ;This result
.ié expécted‘becausé the D.W..statistic in.Tab1e 4.357_indidates an

“absence of autocorrelation.

services, the Rotterdam model does not perform well for the public

carrviers.

local plus toll the linear‘modél uéing tite Cochrane-Orcutt least-
squares yields the best results; for the total services the Rotterdam

model using ordinary least squares alco does quite well, while for locea

services

4.3.

80.

With respect to the Rotterdam model, the results are

(SR

One can then say that in general,; except for the local

Indeed, we find that for the total, toll, miscellaneous and

£

B Oy Oy G vy u S M E N B B N s S e E e s

the Rotterdam modei utilizing the G-0.L.S. cstimates gives

1

results.

4 Partial Price Flasticities of Demand

In* the linear modcl the price clasticities are computed from:

PEPDTS,
TGRDTS

ForegTT . T partial price elasticity of total demand
" e o ‘ ‘ _ .
in period t
TGPDLE : - . S
TCLE0 - partial price clasticity of local demand

in period t




R o - N | -
From -3.155 to -.

81.
TGPDTT, |
B1  Tamig ~ partial price elasticity of toll demand
: A ' _
in period t
'I‘GPDMSt
31 IR - partial price elasticity of miscellaneous
t . :
demand in period t
TGPDBD,_
Bl Eﬁﬁﬁﬁﬂt ~ partial price elasticity of local plus
LT3 t

toll demand in period t

With the ordinary least squares estimates all the
elasticities showed a monotonic decrease in demand responsiveness to
price, because of the fact that given a constant Bl the ratio of
relative prices to output declined over timea. The range for total
demand is from ~4.305 to ~.563, for local -3.670 tc ~.700, for toll

A [ VL ea e e - et ] - et - . R
53, for miscellianceous lfyxom -1.L85 Lo =.155, aund

ftor local plus toll from ~4.015 to -.521.

The Cochrane-Orcutt estimates yield the ranges of the

elasticities to be, for tctal -6.727 to -.879, for local =-4.086

N

to ~.776, for toll =8.362 to ~.767, for wmiscellaneous -5.384 to

.~.699, for local plus toll -6.828 to —-.886.

The nonlinear estimates are, for total -3.553 to -.464,

for local -2.6811 to -.486, for toll -4.950 to ~.454, for migcellaneous
i

<439 to .057, for local plus toll ~32.636 Lo -—-.472.

The doubla-log elasticities are: for ordinary least
squares, total -1.411; local -1.284, toll -1.754, miscellancous

842, local plus toll -1.544; for C-0. least sguares, total -1.103,
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loccal -.920, toll -1.019, miscellaneous ~1.161, local plus toll
~1.098; for N.L.R. estimates, total -.940, local —.894, toll ~1.118,

miscellaneous ~.382, local plus +Loll --.982,

The Rotterdam elasticities vary over the sample periocd

because they are defined hy ﬁl divided by Oy

’ The ordinéry leastVsquarés results‘afe: for‘total‘a hiéh
.of -.828 and a low of ~l.077, for local =.717 (high) énd ~1.700
(low), for:toll m,éél (high)-and'—l‘29l (low), fof miséellaneous
.932 (high) and .409 (low), for iccal plus toll -.856 (high) and

" wl1.691 (low).

The C-0 least squares estimates are: for total'¥.801
(high) and ~1.691 (low), local -.6%2 (high) and ~1.642 {low) , toll
~.850 (high) and -1.859 (low), miscellanecus 1.359 (high) and .595

(low), local.plus toll ~.849 (high) and -1.785 (low).

For the total aemand services,: ' it appeais that the lineax
model correcﬁed for auﬁocorrelation yielded the best results.and if
‘we calculated thé mean of the. range of the elasticities, we f£ind
.fhat the average partial price elasticity of fotal demand for the

public companies is -~3.1.




4.4 Private Carriers

This sectica deals with the estimation of the demand
structure for the aggregation of the private companies, Newfoundland
Telephone, New Brunswick Telephone, and Maritime Telegraph and

Telephone.

4.4.1 The Linear Demand Model

.The linear eguations which were estimated for the private

companies are,

oPTSC, By + B OPPDTS_ + B, OPGPD

/ t ye t
i - ~1

OPLbGt BO + Bl OLPDLSt + B2AOPGPDt
OPTTO, = R+ B. OPPNIT, -+ R. OPGPD,
T . U L T Z T

DU = : ) D . T\/,l , D (P
OPtht 80 + Bl OPDDASt + 82 OlGIDt

DRI o - DT KR ;

Q& BDUt BO k- Bl OPPDBDJC ! 62 OPGPDt

The results for. the ordinary least squares estimates

“are found in table 4.4.1. We can cbgserve from this table that,

although, the price and income effects have the correct sign, the

problem of autocorrelation is  quite severe.

After adijusting for the positive autocorrelation, we

19}
®
®

from table 4.4.2 ithat the signs of the cocfficients are correct
and pl‘is significant, which implics that we were correct in carrying
out: the adjustment. However, 1Lf we adjust once more then PN ignot
significant (table 4.4.3) and so we have to conclude that, in general,
the linear model does no£ adequately describe the private Companies

demand structure.




Table 4.4.1
Linear Demand Model: 0.L.8.
(t-values in parenthesis)
Démnrd'thesbvy : B8 B, D.W R?
= sJal Y& ’ ] lJ...’ } 0 1 2 - . AN
Total 235.569.{ ~223.778 | - .0l¢ , 436 .968
(1.882)] (-2.514)| (L.767)
Local 91.779 | -84.054 .006 639 980
& (2.259)| (~2.887)| (2.328) :
Toll 23.544 | -50.060 .016 439 .948
(.326)] (=1.017)| (2.924)
Miscellaneous 12.639 ~12.438 .0005 . 002 .969
(5.184) | {~6.555)| (3.140) :
Local + Toll 186.232 |-185.127 018 | .429 967
S (L.518)| (~2.137)| (2.016)
Table 4.4.2
Linear Demand Model: C-0.1L..5.
(t-values in parenthesis)
r 2
E Demand Category By By B, N D.W R
Total 198.438 | ~235.941 .025 .760 1.325 .990
(2.330) (~4.148) (3.244) (4.379) ‘
Local 76,351 | ~8Ll.765 L0009 .624 1.583 .9%0
(2.377)] (-3.571)| (3.230) (2.992) :
Poll 54.779 | ~108.043 .020 .778 1.230 .987
(L.242)1 (-3.5G69)| (24.596) (4.628)
Miscolianeous 15.270 | -14.188 L0003 414 1.463 .976
(4.064)) (~5.304)) (L.039) (1..700)
ocal 4+ Toll 178,611 | ~220.700 L0025 .766 1.356 .99,
(2,250 (=4.157) 1 (3.510) (4.459)

g4,
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i
li Table 4.4.3
o Linear Demand Model: N.L.R,
. (t~values in parenthesis)
3 oy S ,\.,.\).‘ n Co P b B ’ ! : ] ' D V' R2
r,.\.andA Categexry b 31 39 Py Py W
Total 50.147 -249.072 019 1.109 ~,352 1.261 } .990 "
{(.632) (~-2.759) (1.057) | (2.508). (-.765)
Local ~.20¢€ -3.770 -.010 1.045 039 | 2.058 § .996
l - (-.050) (-.115) ) (~1.464) (1.731) (.060) }
Toll ~1.900 -22.837 .013 1.887 -, 317 2.389 | .99¢
(~.2106) (-2.377) (7.386) (5.975) (~.807)
i - ) ' .
!iscellaneous -.388 .942 -.001 1.097 .018 2.076 {.992
(~-.924) (.317) 1 (-1.5086) (2.728) (.166) :
cal + Toll ~-9.169 -42.558 -,010 1.099 . 031 2,030 1.998
) (-1.245) (-1.113) (-.811) (2.309) (.060)




4,.4.2 The DoubleFLog Demand Model

Log
log
log
log

log

least squares arepresented in table 4.4.4. Once more, the problem
Qf aultocorrclation is éevere,’even though thevcoefficienﬁs’(ﬁl aha 62)
have the tight sign. Table 4.4.5 shows us #h; adjusted results_and
thaore ig an'improvemen+: - The nroblem of aﬂtocorrelétion.has hao
overcome, especially in ﬁhe total; local, aﬁd'local plus toll
categories. In addition the.estiﬁaﬁes'have the right sign. and are -

all significant for these three categories.

brings about a significant improvement in the results for each demand
category. Indeed, it seems that for the linear and double-log

models the best estimates are the double~log nonlinear regression

LIS :' I o . 3 -.‘,"‘ - 1. "D3
01r§ot By + By log oerngt Bzv_og OPGPD,_
OPLSO% = B, + B, log OPPDLS, + B, log OPGPD
OPTTO
OPMSO, = B, + 31 log OPPDMS, + B

OPBDOt = BO + B

estimates.

4.4.

3

86..

The eqguations for the double-log model, in this section, are:

p 0 L t 2 B

= B, * B, log OPPDTT, + B, log OPGPD

t t 2 - t

t t

log,OPPDBDt + 62

2 t

log OPGPD,_ . , )

log OPGPD

1

The results for the double-log model, estimated by ordinary

The second correction for asutocorrelation (table 4.4.6)

The Retterdam Demand Model

The equations for the Rotterdam model are:
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I Table 4.4.4
' Dougle~Log Demand Model: O,'L.S.
(t-values in parenthesisz) .
l Denand Category B 3 4 D.W R2
SN » 2gOoIXy i 0 .xl ) o« W
Total ~6.777 ~1.293 1.327 1.381 .998
l (~9.396) | (~6.798Y 7] (15.215) ‘
Local ~5.433 ~L.171 1.077 .914 .892
l (=5.108) | (~4.210)| (8.359)
Toll ~10.101 -1..239 1.639 1.529 .998
' (-12.589) |(~6.215) |(16.989) :
Miscellancous ~9.560 ~2.018 L. 244 .858 .984
' (=9.675) |(~6.723) {(10.377)
Local + Toll -6.910 ~1.251 1.339 1.374 .998"
l (~-9.136) {(~6.363) |(14.649)
. Table 4.4.5
Double-Log Demand Model: C-0.L.S.
' (t-valuss in parcn‘tlema)
| 2AIN & 3 "4‘ 3) ~7 2
.'Dcmdnd Category Ba By 8. Py D.W. R
L Total ~7.514 ~1.182 1,415 178 1.911 8998
f (~10.43%) [ {(~6.809) |(16.294) | (.675) ‘
Local ~6.928 | -.941 l..257 440 1.712 995
| (-5.309) | (~3.412) (7.983) |(1.831)
1 .
i Toll -10.333 ~1.238 1.6G67 .150 1.240 998
g (~12.617) | (~6.291) |{16.932) (.566) '
§ Mirgcallanaeous -Q . 177 ~1.287 ‘ L.230 569 1.100 .99
% (~3.662) ! (~4.384) (4.0G0) {{2.588) - :
i Local 4 Toll ~7.026 w1148 Lo424 LALGT 1.906 ..998
'; (~10.616) |(~G.654) |(16.440) (.5637)

; o
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Table 4.4.6
Double-Log Demand Model: N.L.R.

(t-values in parenthesis) )
is - ‘ , : _ 2'
%Demand Category BO - B, | 62 - ‘pl-‘, P, [ D.W. | R
Total ' ~8.566 ~1.347 | 1.329 |  .325 | ~.585 | 1.994.{.999
I | | (-3.266) | (~5.744) {(12.239) (1.003) |(-2.316)
i o ST B : o
Local - ~5.087 ~1.233 ~1.104 - .683 ~.582 1.880 | .996
| {(~2.280) |(-2.700) (4.951) (1.945) |(~1.754)
ﬁmoll © 1 ~9.880 ~1,457 1.530 LA6) ~.536 | 2.311 | .999
ﬁ (~3.551) [(-6.831L) [(14.667) (1.997) 1(-2.471) ‘
‘Miscellaneous ~6.833 ~2.558 1.087 .989 ~.814 2.012 | .995
. - (~3.656) |(=7.279) (7.679) (4.825) {(-3.827)
TLocal + Toll | =8.746 ~1.301 1.343 .312 -.571 | 2.083 |.999
’ (-3.272) [(-5.616) |(12.351) | ~(.970) |(-2.354) ' '

H

[ NOR—
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oy '[105 OPTSO, - log OPTSO,_ ] = By + 8y [ log OPPDTS
' - log opppms, | + B, [log OPGPbt ~ log oPGED, ]
o, [log OPLSO, - log OPLSO, ] = B, + B, [ log OPPDLS, |
~ log OPPDLS, ,] + B, [log opGep_ - log oparp, ]
;. [log oprro, - log OPTTO. ;] = Byt By [log OPPDIT.

~ log OPPDTT__ .| + B, [log OPGED_ - log O?GPDt_lj

- g — ; = . "3‘ y
o;. [log OPMSO, - log OPMSO, ] = B, + B; [log OPPDMS,

- log OPPDMst_l_] + B, [log OPGPD_ - log OPGPD, .|

t

PR ~ log ¢ = B, + PPDBD
[log oPBDO_ ~ log OPBDO, .| = B, + 8; [log oPPDED,_

- log OPPDBDt__l_J + B, [log OPGPD, - log OPGPD, _

£ -

The results for the ordinary least squares estimates

for the Rotterdam mecdel (table 4.4.7) are not very promising; for

2 - ~
il ~

A ot
aii Ci

PR TR |
LAl Ol

all the gervices the Lncome & ox
demand the price effect is also signed incorrectly. In addition
the Cocchrane-Orcutt results, for the correction of the problem of

autocorrelation, do not improve the explanatory power of the model.

Consecuently, the nonlinear regression estimates for the

double~log model, in general, are the best.reSults.

4.4.4 The Partial Price Elasticities- of Demand

In the linear model the price elasticities are computed f£irom:

OPPDTSt
B] SETao ~ partial price elagsticity of total demand
(SRR
. " _ .
in pexrioed L
OPPI')LSt : :
Bl 6§ﬁ§5~% ~ partial price clasticity of local demand
RSO .

in period t
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Table 4.4.7 .
Rotterdam Demand Model:"O.L.S.
t-values in parenthesls}
Demand Category N B, : B. R D.W. RZ
: . 0 1. 2 :
Total | L003 | ~.007 ~.021 1.430 .299
(2.411) (=.970) {(~1.122) | ' |
Local 002 001 | -.023 | 1.996 | .423
(3.439) (.416) |[(~2.419)
Toll : L00L |  ~.005 ~.002 .878 .182
' (1.534) (~1.442) (~.173) '
Miscellaneous - L0001 ~.0001 | ~.0002 1.118 L350
: ' (.596) (~1.895) (-~.095)
Local + Toll - .003 -.006 -,.021 1.416 .283
. | (2.515) (-,896) |(-1.159) S o
Tahle 4.4.8
Rotterdam Demand Model: C-0.L.S.
(t-values in parenthesis)
Demand Category B¢ | ey B ] Py . - D.W. R”
Total : .002 - 010 ~. 008 216 1,770 .332
' (L.793) (-1.326 (~.426) (.765) :
Local .002 .002 -.022 ~.035 2.004 .385
(3.213) (.433) (-2.,200) (=~.122)
Toll ©.00605 | ~-.006 | .0l1 523 1.390 547
’ {.790) (=2.105) {1.144) (2.3.25) '
Miscellaneous L0001 m,OCOQ ~, 0004 CALL 1.540 ,494
; : {(.744) {2,129} ,(“,263) (L.561) ‘ : .
% Local + Toll L 002 -, 008 -.008 . L2115 1.756 3253
§ {(1.257) (“l,318) A—-.413) {(.752)
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OPPDTTf
Bl oETTe ~ partial price elasticity of toll demand
t
S in period t
'OPPDMSt : .
B] oEReeT T partial price elasticity of miscellaneocus
G . :
denand in reriod t
OPPDBD,

t

in period t

The price elasticities for the O0.L.5. estimates in the
lincar case nonotonically increase since the ratio of the relative
price to output for each service declines. The ranges are: for
total -7.324 to ~-.882, for local —-4.766 to ~.786, for toll —-4.546

to ~-.373, for miscellaneous ~-10.075 to -1.217, foxr local plus toll

[#%)

]
/

(923

te ~.761l. The C-0.L.8. estimates are: for total -7.722 to
~.930, for local -4.636 to -.765, for toll -9.811 to -.805, for
misgcellaneous -~11.494 to -1.38%, for local plus toll -7.604 to
~-.908. The N.L.R. estimates are: for total -8.152 to -.982, fcr;
local =.214 to ;AOBS, for toll -2.074 to ~.170, for miscelléneou;

.092 to .763, and for local plus toll ~1.466 to -.175.

The double~log elasticities. are: For 0.L.8., total -1.293,

local -1.171, toll -1.239, miscellaneous -2.01l8, local plus toll

-1.251; C-0.L.8., total ~1.182, local ~.942, toll -1.238%, miscellancous

~1.987, local plus toll -~1.L149; W.L.R., total ~L.347, local -1.233,

toll ~1.457, miscellanecous -2.558, local plus toll ~1.30L.

- partial price elasticity of local plus toll demand



.The Rotterdanm O,L.S‘ estimates vary over the sample,
for total w0347 (hicgh) to ~.672 (low) , for local .320 (high) |
o ‘159.(low), far toll.~.470‘(high) torQ.QOSA(low), for-miscellaneoﬁs
~1.083 (high) to ~2.025 (low), and for local plﬁs toll ~.311 (high[
~to -.602 (low). The C~0.%.8. estimates aléc vary and :hey ar@:
for total -.468 (high) to -.505 (low), fornlocal .345 (high) to
171 {(low), fox tell -.550 (high) to ~1.059 (loW), for miscellanéousA
~=1.175 (high) ﬁo -~2.198 (low), and for locai plus toll - 446 khigh)

to ~.864 (Lowj .

It has been stated that the best results for the total
demand sexvices. are the double-log N.L.R. estimates. In this

case the partial price elasticity is -1.4 which is indeed lower

ERS S b B e R B e T U I A S P UL T PO
Lblgidy L. &l URnaleclole OOINBAST2RT Wit eColiGiinid. CHIEULY .
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Appendix- 3.1 ° -Damand Module Symbols

.

2.

Provinces and Countxry

ON

NS
PE
NF
NB

MN
SK
AL

BC

CA

Cities
ML
TR

HI,
JF
aB
CL

vC

Quebec

Ontario

Nova Scotia
Prince Bdward Island
Newfoundland

New Brunswick

Manitoba
Saskatchewan

Alberta-
British Columbia

Canada

Montreal

Toronto

Halifax
St. John's
St. Jcohn

Chorlottetown

Winnipeag

Saskatcoon

Regina

Edmonton

vancouver

93,



BDR

British Columbia Telephone Company

Telegraph & Telephone Company

Newfoundland.Telephone Company

New Brunswick Telephone Company

Albcrta'Covernment e1enhones

Manitoba Telephone Sveuem

kduChLVqH Toiepommunlcatloha

Prlvate teJeohone companles other than BL and BC

Total telephone industry

Total Toll Revenue (including miscell. Toll Rev.)

Toll Revenue (excluding miscell. Toll Revenﬁe)

Dircctory Advertiging RuVﬂIum

miscell.)

- Miscellaneous Revenue [TSR ~ LYR - TTR)

+ DAR (ALL *4verue but miszell.)

,gpmganieé

- BL Bell Canada
BC
MT Mariitime
NE
NB
AG
MN
SK
ED Edmonton Telephones
OP

{(MT + NF + 1\173)
e motal pubiic
D

»Revggpes'

MTSR Total Revenue
TSR Local Revenue
TTR

- POR
DAR
MSR
LR LSR + TOR
BIFR LS+ TOR 4

LSRR 4+ TTR

(A1l revenue but dllmctory advertisement

94.

telenhone companies (AG + MN + SK + D)

and

. . . . Ty L . .




P .
f

TSX
LSy
TTI
70X
DAL
MST
LTI
BMI
BDT

TSR minus Indirect Taxes

LSR
TTR
TOR
DAR
MSR
LTR
BMR
BDR

TSI
LSI
G
TOT
DAT
MST
LT
BMI
BnnHy

deflated (output

Price Indices

rIrTS
PILS
PITY
PITO

PIDA-

PIMS
PILT
PIDBM

PIBD

OIS
PDLS

- PDTT

PDYO
PDDA

POMS

Price Index (of the first rcvenue category

PIWS
PILS
DTN
PITO
PIDA
NIMG

.

1)

n
LH

L

it

LE]

the consuner price index

1)

"

of the first revenue

secon
third
fourt
f£i.fth

sixth

seve nth

elght

ninat

da

h

1
1L

AR
il

second
third
fourth
fifth
sixth
seventh
eighth -

nineth

1%

"

1

U

4]

1

i

category)

TSI/TSO
LSI/LSO
L /TTO
TOI/TCO

DAI/DAG

MSI/MSO
LTI /170
BMI/BMO
BRL/BDO



- 96,
PDLT PILT deflated by the consumer price index
PDBM  PIBM " - o S " »
PDBD PIBD Vll .n ‘ L 1" . 1
CPI Consumer Price index-
GPX . Gross Provincial product price index @

6.  Gross Provincial Preduct

GPP  CGross Provincial Product (current prices)

Gep " "o " (deflated)

T .
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rootnotgs

Along with the T.C.T.S. carriers, we include Edmonton Telephones
because of its large share of the local revenues from the

~de

telephone services in the province oi ﬁlb@lud.

There are an arbitrary number {n) of commodities in each
household's decision process. ~

Since we are only dealing with the telephone industry and not
the Canadian economy we are using partial equilibrium analysis.
Hence, we are assuning the outputs (and revenue) of all non-
telephone producing firme are given. '

There is no reason for the type and numwber {m) of commodities,
in any one firm's decision, should be the same as the type and
nwaber (n) in the household's choice problem.

Of course we have tried other variables in the aggregate demand
function such as population, and the percentage of direct ‘
distance calls, as a measure of technological change, but they
created problems of wultlcolllnearwty, or had the wrong sign,
Or were luaignlfLLdHL o |

. 3 log x..
The partial price elasticity of demand is =, whereas

0 log P,
d log X4 it
the total price elasticity is " . and for the ijincome
) d logp>it

elasticities replace];it byyrt .

e need for this procedure arises because we do not have

information on au lirect tawes by the type of revenue servicas.
The data source for the consumer price indexes is Cansim.

The data source for the gress provincial products is Cansim.
The list of mnemonics is given in Appendix L of the demand
module. The first two letters pertain to the company and the -

remaining letters refer to the particular type of variable.

a, . vefers to the average valu? (between two periods) of, the-
R o5 o4 . SRS - » L1 4 ~ ~
shdadre of exnenditure on the 1 saeaxvice oalt of total expendi-.

51
ture in perioed t. Yhus ., chanues for any service over time
and it changes across dif¥érent services.
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THE PRODUCTION MODULLE
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1. Introduction

The purpose of the production module is to investi ?c
the structural characteristics of .both the technology and the

o

factors of productiocn of telephone services for the TCTS

companies and Edmonton Telephones.

In this module we estimate functional forms which describe
production relationships such as the marginal products and the
degree of returns to scale. These relevant cstimated parameters
are then integrated with the demand and fihancial modules, so
that the overall model can be solved and the various forecasting

experiments carried out.

-

3
if
’J
if
.4.1
1

o

of the nradnaotion onnficonrationg o1 telanhor
QI e NEAAnTrion Conmiourations QI Terapihor

Tyrad
services has generally been studied at two levels of carriex
aggregation. One level is at the industry, where production

functions are estimated for all the important carriers combined;

as is found in the study by R. Dobell et. al., [7].

The other level is at the firm level, but for a particular
firm, which is Bell Canada; as is found in the studies by the
I.AE.R. [10}, J. carr 5] and R. Millen [13] .. ‘In this study,
ve estimate production Ffunctions noi: only for Rell Canada, bub
gigo for British Colusbia Telephoune Company; the aggrecation

O Maritime Telegraph and Telephone Company,. New Brunswick
Telephone and Newfoundland Telephone Company. TFinally, we

estimate functions for the aggregation of Alherta Government




Telephones, Edmonton Telephones, Manitoba Telephone System

and Saskatchewan Telecommunications.

In addition to the types of carriers usually studied,

{there i

re~

3 genaerally only an aggregaté production_rélationship
specified. This arises because of the defailed;data which is
needed in ofder_té estimate sets of disaggregaﬁed.i(by gervicés)
functiohs. In particular, one would need.the contribution of
capital,'iabour; and anyvother‘factors to each sefvice category.
Because we do hot have such'“micrc" data, wz folléw the roﬁte of
previous authors, and ﬁtilize an aggregate pfoduction function

for each set of carriers under consideration.

The production module is divided into. four sections, where

each sechtion pertains fo a different set of carriers in the indugtry.

\
oL

-
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2. Bell Canada

The ploductlon function. for RBell Canada; as for all the
other carr'ers, is & variant of the Cobb~Douglas specification.
Basically, we have

_ Oy.,.02 Oi.s]‘

Y AKL Lt tut (1)

where y, is output, A i1s a constant (representing the transformation

is capital, Lt is labour, It is

technological change, v is the random exrror. By taking natural

of inputs into the output), L

logarithms of (1) we get,

ﬁnyt = Oy + o0y nK 4+ ,qan toogT, + v, (2)

oonle e - D oo W - PR ) o s L -~
Selter e BN L s Y s — VL cianty ey teemesaewgas o5 smemiar o
WIZG o Ridds = G 0 GXi LU, = Y, . W Lail Olbserve DR S0UBATLON "4.)
i3 = - AY +
Vv [ - .

1 is the elasticity of output with respect to capital, uz'

is the elasticity of output with respect to labour; and 04 is

that o

the average effect of a chénge in output with respect to a change

in the technology.

An immediate question arises as to the appropriatcness of
the Cobb-Douglas function as a representation off the technology

for Bell Canada, or for thal matter, any other carrier in the

e

telephone industry. Indeed, this quastion bas Leen tested by
hypothesizing a more genaval production functilon, called the trans-
logarithmic production function. This so-call A Lransiog function
can be considered as a second orxder approximation to any production
function around a point in which the logarithms of each of the in-

puts are made equal to zero.
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We write the translog function as,

- . . o . - 2
= 4 . AnK - o~y e . g 1
oy, = G5 * o 2nK b oghnL, y]l(QnI )
o+ (40K, )2 + ov. ., (8 nK b, ) +
22 12 Tt
Oghe * Vi (3)

%ThQ essential 1n4redlent of the above relaflonshln 15 that it
allows for a nonﬂunltary PllSLlCltV of subsL1tuLlon between
capihal and labour, beéides nonﬁconstant returns to scalé, fhis
function was estimated for BéllICanada in Uo} and it was foﬁnd
“that we could not reject the bypothe51s that the techholoqy wag
- Cobb- boug]as. This eosmntlaliy means that Y11 y22 = Y12 = Q,
vpand with this restriction we see that equations (2) and (3) are
'identical. We. should reﬁark thét wa sfill have not imposed con-
“stant.returns to scale, we have only claimed that the production

function exhibits a particular form of separability.

2.1, The Data

the data series that we used to estimate eguation (Z) came

from two sources, the Bell Rate Hearings B] and R, Millen 'BB]}

The output variable we usad was defined as total telephone

Service ! revanues minus indirect taxes (but including uncellectibles)

-

deflaied by the pricz index for’ total services , as in the Bell
Rate Hearings {}] .
The Labour input in production was defined in terms of

manhours worked (excluding hours spent in construction) rather

- G "y 0 N =

'. - -
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than by the number of emwployees. In addition, we adiusted the
. - . 4

“manhours for differences in the guality of work among different

types of ‘labour. A complete description of the method of ad-

r-differences in skills“can be found in Bell Rate

justment foxr
Hearings 13] . It does bear mentioning that differences in

nominal wages reflected the differences in skills and these

welghts were computed for 1$67 and assumed to be congtant over

the sample period. Moreover, the definition of the payment to
labour to compute the weights included not only wages but also

other forms of remuneration, such as fringe benefits.

Thé ?hysical capital input is. defined to be the‘ﬁet capitél
stock as defined in R. Millen [13] . The capital stqck is com—
prised of élant and egquipment, including plant under construction.
'he rate of depreciation is eCoﬁomic depreciaticn computed from
the life expectancy curves for the different vintages of capital}

ror a measure of technological change, we used two differeﬁt
variables; the percentage of calls direct distance dialed, and

the percentage of telephones in number five crossbar and electronic

‘switching system.2

2.2 The Fmpirical Results

We have thiree different specificalkions for Bell Canada. Two
cquations include technological change and one does not. We also

estimated the equations using ovdinary least sguares and the
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Cochrane-Orcutt adjustment for autocorrelation. The equatipns
2
that we estimated for 1950-1975 were the following:”
RIZISO, = 6, + o, LHBLK, -+ LI,
InBLT Ot Og O nBLK, -+ a2£,nB_It
QnBLTS.t = 0 +’mllnBLKt+ azﬁnBLLt+'a3BLDDt
1 o a4 . L . ‘_ ..
ﬁnBLQSOt. aol aanBLKLT aZKnBLLt+ a,BLX¢
The 0.L.S. estimates are found in Table 2.1 and the C-0.L.§
estimates are presented in Table 2.2.
We can observe from Table 2.1 that the equation without
technological change shows'that-a2 (the labbur_cbefficient) is
not significantly different from zero and that n. is not gigni-

ficantly different from one. 'Inaeed, when we introduce techno-
‘logical. change, whether thréugh avdirect distance dialed variable
or number five crossbar, the labour coefficient bécdmés Signi-
ficant, he problem is, .. “not only- ‘autocorrelation as the
Durbin¥Wat$on statistics poinit out, but also Qe nugt restrict
'az‘to he equal to leal. In other wopds,{we must impose consﬁant
refurné'toiscale. These reéults afe presented. in Tables 2.3 and’
.2.4. If we test for constant'reEUtné to scale for the no techni-

cal change 0.L.5 equation, we find that the computed F statistic

is 7.59 and the Labulatad Yy 55 at the 1% level of significance
) . - Ly S . : R -

Az

, .
R O
15 7. 8¢

C

and sc, we accepl the euistence of coanstanit returns to

. s 4 '
scale for this equation. The computed values of ¥ for the other

B




TABLE 2.1 . - )

Cokb-Douglas Productioh Function
Variable Returns to Sczle: 0.L.S.
(t-values in parentnesis)

. . " . e 4 . . . 2
Tachneclogical Change Variable Gy 0q 05 G D.W. R
.. None ' -1.519 .956 .134 1.553 .929
: ' (-.783) {3.521) (1.205)
Direct Distance Dialed (Bell)] -1.752 404 1.143 ) .957 .830 | .997
: (-4.434) {7.881) (7.214:} (13.446) :
Number Tive Crossbar (Bell) ~1.040 .330 .743 1.648 L7491 .997
' (-2.517) {11.684) (4.913) (12.772) : '
: i i
TABLE 2.2»
Cobb-Douglas Production Function
Varisble Returns to 32cale: C~0.L.S.
(t~values in parenthesis)
T i N
Technolcgi;al Change Variable %y dl o, ' Oy P D.W. R
None ' . -1.298 : .9%8 057 .18% 1.835 319
‘ (-.471) (7.131) (.064} (.964])
Direct Distance Dialed (Bell)| .253 .328 L1773 1.118 LG4 1.423 .999
(.679) (8.335) (6.792) | (19.404) |(2.842)
Number Pive Crossbzr (Bell) 1.513 .436 L2566 2.045 .532 1.619 .999
: C (4.850) (15.453) (3.1443{(25.187) |(3.145)

90T




Cobb-Douglas Producticn Function
Constant Returns to Scale: 0O.L.S
{t-values

in parenthesis)’

Technslegical Change Variable O ‘ql Gq "D.W. R”
None - : ~-1.210 .570 1.549 .995
‘ (—5;430) {13.078)
Direct Distance Dialed (Bell)| -.040 .552 .e49 .484 .993
) ’ (~.255) (10.254) {2.315)
Numbér Five Crossbar (Bell) ~.142 .587 1.587 .623 .995
(~1.2C03) (14.461) t(11.588)
TABLE 2.4
Cokb-~Douglas Production FuncLlon
- Constah_ Returns to Scale:r C~0.L.S.
'+—va7u°s in peren thecls)
) 3 - ! . . . ’ . . 1-4 2
Technological Change Variable o ooy | o p D.W. R™
None | ~1.210 971 | 1 .190 {1.935 .896
' (—4.C44) (11.401) ) ' {.966)
Direct Distance Dialed (Bell) L5691 .315 1.144 .540 .} 1.523 .999
: (5.627) 7.678) (18.626) (3.2065) -
Num,ef Five Crossbar (Rell) .257 450 1,903' L4099 ) 1.146 .999
) (3.427) (13.189) (24.457;} (2.243)

"LOT




two eguations found i

-should accept constan

‘autocorrelation is pa

tests using Tables 2.
by single equation cr

technological change

returns to scale for
a,=.08 so that o, ta,=
2 o 1la O'_L 2

integrated model the

. ' S 108.

n Tables 2.2 and 2.4 also tell ué that we

t vreturns to scale. .S8ince it appears that
rticuliarly strong we need only cérry out our
2 and 2.4. Ffrom these Tables we see that
iteria, the direct distance dialed measure of

yields the best results, so we accept centant

~

Bell Canada. We'compute that &l:.32_and

1. Given that we are interested in a complete

final acceptance or reijection of a particulax

equation will be determined by the equation's performance in

tracking the actual data in the sample period; when we simultaneously

solve the nodules.




The production functions which we have estiméted
contain eguipment and labour as inputs, and_révenues in
conStant dollars as thé output. Consequently, because
S we haVe‘excluded materiaisvas'an input, we are assuming
that materials affects output through a fixed coefficient

technological process. This process may be represented by

y = min. (FP(X,L) , R);’
SR Vil

where K represcents materials and p andv are

The preceeding equation implies that

y = F(X,L) = R.
LU AY)

Since we have already estimated the relationship y = (K, L)

we now need to find the estimated value of wv.

109.

positive constants.

We ran regressions

of the form R=yy using the ordinary least sguares and Cochrane

Orcutt adjustment and found that,

R = .14(y, =.956y ¢~1) 4 .956 Ri-1

(13.163) (16.226)
DLW, = 2.421 RZ = .989"
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&

where v= .14 which is the estimated share (ox» average product)

of materials to outpui.

There also exists the possibility that the fixed coefficient
assumption is not valid and that the actual technological

process of Bell is

v o= ¥ (K, T, R)
where R, materials, is included, with equipment and labour, in
thé group of factors whicﬁ are potentially subtitutable.

It should be mentioned here that the figures of materials
series also includs gervices reﬁt and supplies and it has been
taken directly from the Memofandum ori Productivity, Exhibit

No. B~73-62, by Bell Canada.

The results from the estimation, when we included

materials in the Ccbb-~Douglas Producticn function, are presented
in tables 2.5 -~ 2.8. Tor the variable returns to scale model we
utilized the ordinary and Cbchrane~0rcutt‘least squares hethods;
Whila for the constant returns fo scale formuiatien wa used the

restricted least sgmares estimation technigue. In the following

’]

tables ca roprasents the waterials elasticityv of cutpuat.
£y =3

r

It is clear from the variable and constant returns to
scale results that technolegical change must be included in the

production relationship. Moreover, we find when we perform our F-test



TABLE . 2.5

Ccbb-Douglas Production Function
Variable Returns {0 Scale: 0.L.S.
(t— values in parenthesis)
Téchno“ocical Change Variable! . . | ‘ |
SAE s g " g el %2 %3 %y D.W R’
Nons -1.982 . 335 -.689. .98 655 .981
(=2.260) | (2.926) | {-2.659) (6.419) -
Direct Distance Dialed (Belly; -.973 .345 ~.830 . 818 . 216 .91¢ . 998
T (—lf570) (5.581) {3.339) {7.386) (1.,39¢) '
Number Five Crossbar. (Bell) -.236 iy C.442 1.368 . 256 .810 .998
‘ : ' (=.410) | (6.736} (2.072; (7.150) (1.204)
TABLE 2.6
Cobb-Douglas Production Function
Vzxiable Returns o Scale: C-0.L.S.
(t- values in parcenthesis)
' : ' D.W. |R?
Technclegical Change Varisble " oL oy g s
. ] . G S oy o, Qy o, o |
None 7.316 | -.123 |  .0l6 . - .277 952 873 |.998
(1.647)1 (~.253) (.057) 7 1{2.000) {15.512) -
Direct Distance Dialed (Beil) | .329 317 .688 | 1.043 "| .082 .457  {1.619 |.599
(.750)} (7.532) (4.613) ¢13.574) 1(1.100)1(2.570)
. . : O
Number Five Crossbar (Bell) 1.600 LADD 172 1.850 .123 .501 1.827 }.9%9
(3.510) ({14 035). (1.939) 1(2.500) ;{2.000) 1{2.891) ' =
i ; -
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scale. This means that we estimate~a?,and o

\ _ ' 112,

(for constant returns), and indeed solely by adding oj 6p o4
SN 1

in tables 2.5 and 2.6, that Ball exhibits constant returns to

but a,is defined

2 4

from 1“al»a2.' The constant returns results are presented in

tables 2.7 and 2.8. From these tables we can observe that the

direct distance dialed measure of technclogical change in table

2.8 seems to perform best,\wiﬁh a capitdl elasticity of output

N

equal to .203, a labour elasticity of outpunt egual to .616, and

a materials elasticity of output.equal to 1-.616-.305 = .079."




TABLE 2.7

Cobb-Douglas Prod-action Function
Variable Returns —=zo Scale: R.L.S.
{t- values in parenthesis)

Technological Change Variakle g ‘ s g a3 D.W. R?

None .5€5 . 343 -.270 L4711 .288
(1.620) | (2.835) (-5.489)

Direct Distance Dialed (Bell) .640 . 324 - .463 .%06

=]
(o]
20
s b
.
o]
Ww
O

(6.270) ($.185) (9.112) l(15.049)

Number rive Crosskar (Bell) .300 242 -£54 | 1.725 1.684 .889 |
‘ ' (3.653) {15.500) (11.545) {(19.250) |
|
TABLE 2.8 |
Cobb~Douglas Production Function
Variable Returns o Scale:  A.R.L.S.
(t- values in parcenthesis)
s ot a Con . , ‘ . : « . _ 2
Technological Changs Varlab;e oq oy oy s ~ o D.W. ‘R
None o ’ - -.326 .533 .469 1.061 |1.244 |.900
(-1.533) (34.373) {3.143) (34.375)
Direct Distance Dialed (Bell) .716 L2058 .616 1.071 .51¢ . §1.673 1.999
{3.618) (4.813) {5.366) (8.130) (3.225)
Number Five Crcsshbar {2ell) .238 CA30 .480 1.782 .362 1.132 1.999 |~
{3.306) {12.351) (9.0306) (14.537) {(2.348) bt
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3. British Coluabia Telephone

We estimated variants of the Cobb-Douglas production function

for B.C. Telephone uvnder both variable and constant returns to scale.

3.1 g&g Data

The output measure was defined as total revenue minus indirect

taxes plus uncollectibles (thesé were obtained from the income

‘statements) deflated by the. price index of Bell Canada for total

gervices. This variable wag defined and described in the demand
o
module of the study.s

B LT B I e T IR e Tl e e e R e
DICGUCLAON BYoCeln. Wwan GCiinls ia

terms of weighted manhours. We had data in the number of employees

(obtained from the Annual. Reports of B.C. Télephone[d]. We then con-

" verted employee data to manhours by assuming seven hours of work

per day, 5 work-days per week,; and 50 work-weeks. Thus 1750 hours
were worked per year per employee times the nmuuber of.employees gives:
total manﬁourg. Moreover, we utilized the welghts of Bell éanada
to éonvert mnanhours to weighted manhoufs ih order to account for
quality différences of workers. Therefore, we éssumed the weights
ware th only;gonstant in & temporal sense, bub also constant across
differént carriers.

The capital input was computed from the book valueé of the

net capital stock reported in the balance sheets. We computed the
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~ratio of net.capita1 Stock (for‘Bell) in constant 1967 prices.
obtained from R. Millen'h3] to it's net hook value in current
prices. ,We.then mﬁltiplied this nﬁmber'by the net book value in
currentc prices of B.C. Telephone.‘hThis computed'value is net
capital stock for B.C, T@iephdne in 1967 prices. e afe assuming

cthat the proportion cf. the market value of net capital to book

:vélue is the same for all tompanies and that the price of capital

fox Bell»Canadé is identical to all other carriers. 'There are

w0 advéntages to this &nproachy' Firstly, ﬁhe_longer a unit éf
capital (plant, equipment, etc.) remains in the prqduCtion process,f
“*the more ObSolete becomes it's book value. Hence, our method
uses a measuré of the marketyyalue of: capital. Secéndly, our
:methéd shdws the manner that one can move from book values to
market values ror capital or :rﬁm market to book valuesg, dépending

.on  one's immediate interest.6

The teéhhological change variable that welused'was,the,‘i

percentage of calls direct distance dialed for B.C: Télephone,7

3.2 The Empirical Results-

We have two different specifications for the Cobb-Douglas
production functions, and two methods of estimation.. The eouations

we estimated for 19611975 were:




116.

PNBCTSO, = o  *+ a3 £nBCK.

+ Ci,,) 2nBCIL
O 2

t t

o4

4

LnRCTSO + @ 9NBCK. *+ 0. AnBCL. *. o.BCDD
£ 1 E R

0 X t 2 3

The results for the variable returns to scale equations

(L.e. op * a,£1) are presented in tables 3.1 and 3.2. The

constant returns to scale equations (i.e. oy e, = 1) are

found in tables 3.3. and 3.4. After performing our tests, we

found that we could not accept constant returns to scale for
British Columbia Telephone. However, it seems quite implausible
that B.C. Telephone should exhibit inéreasing returns to scaie
sclely from capital, as shown in tables 3.1 and 3.2. This is

true, especially in light of the relatively old machinery and

little technological innovation by the carrier. This leads us-

+o the conclusion that for an appropriate specification of the

production relations one needs an exact measurs of physical cap-

ital for B.C. Telephone itself. In any event the results which

seem most credible are found in the second equation of table 3.4. |

= .63 and"&z = .37.

In this cazse we estimate &1
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Table 3.1 ' |

Cobb-Déuglas Production Function | '

Variable Returns to Scale: O0.L.S. '

(t- -~ values in parenthesisg) l

Technological Change Variable o, 'al ' o, G g D.W R2 '
None 4,613 1.131 .382 1.082 | .995 .
- (9.711) (7.220) - (2.752) : '

Direct Distance Dialed (B.C.) 4,279. 1.007 .397 .258 11,021 L9095
' : : (6.393) (4.738) (2.814) (.878) 1 '
!

Table 3.2 '

Cobb—'Douglas' Production Function |

Variable Returns to Scale: C-0.L.S. ‘

(t - values 1in pa:enthesis) ) ' , l

Technological Change Variable 0‘0. o ) océ o, 0 D.W. R? l
None 4.402 | 1.049 .44 .394 {1.400 |.99°@
(7.972) |(5.352) {(2.771) (L.606) | '

Direct Distance Dialed B.CJ 4.321 1.027 |  .402. 217 L5011 |1.534 995
(7.43L) [(4.965) {(2.400) (.647) [(2.165)
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Table 3.3

Cebb-Douglas Production Function
Constant Returns to Scale: 0.L.S.
(t - valuesg in paraenthesis)

y Technological Change Variable } do oy o. 5 D.W. | R”
| lNone | 1.557 ~.193 1 .365 . [ .o011
(.895) | (~.372) ' - !
Direct Distance Dialed ( B.C.) 23954 501 1.136 1.261
(5.104) 1(2.77%) (10.574)

Table 3.4

Cobb-Douglas Production Function
Constant Returns to Scale: C-0.L.S.
(t = values in parenthesis)

- ENT SR Em e e

Technological Change Variable G oy Uy | P D.W. R |
: . : ]
None 5.267 L7211 | 940 1.488 | 935
(12.674) | (6.064) . J10.290) Rt
Direct Distance Dialed (B.C.)| 3.300 625 | 1.220 1 .265 ] 1.314 | .860
(4.536) | (2.563)| (5.920) (1.026)
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4. The Public Carriers

In this section we estimated Cobb-Douglas production
functions for the aggragation of Alberta Government Telephones
Edmonton Telephones, Saskatchewan Telecommunications and Mani-

toba Telephone System.
4.1 The Data

The output measure, as for ﬁell Canada and B.C. Tele~
phone was the total service demand variable which was defined
and described in the demand module. The labour and capital
factors of production were dérived in the:same fashion as those
for B.C. Telephone. For technoiogical change, we tried three
différent meaéures, the percentage 0f calls direct distancé
, dialed for Bell, fox B.C.,‘and the number five éroésbar variable
_for Bell. These measures were used as proxies for' the public

compenies. Nevertheless, it is a reagonable assumption to
use Bell's data given that it is the industrial leader in in-
novation aand the public companies would tend, with a lag, to . a-

dopt the new technology of the largest carrier.

4.2  The Zmpivical Results

The equations which we estimated for 1961-1975 wervre:




Hty

+'u1’2nTGKt + @zﬁﬁTGLt‘"

RnTGTSO£ = O

AnIGTSO. ¥ ap * uiﬁnTGK£ * az'ngGLt'f q3BLth'
AnTGISC, : 50 " althGKt + qzvﬁﬁTGLt'+ 05BCDD
.RﬁTGTSdt = oQ +‘aizn¢G3£ + gz ﬁéTGLﬁ +iq33th

Tbe'resulﬂs.for the‘vg?iable returns to scale equa-
tions are presented in tables 4;1 and 4.2. "The constant returns.
equations are presented in fabies 4.3 and 4.4.' Clearly, From
table 4.1 there is no significant autocorrelation. Next when

we performed the tests for the acceptance op rejection of cons-

tant returns we éoncluded that we mustArejé¢t the hypothesis of

1

coustant returns. For the sguavion which peviorms relatively
better than any of thé others for the public carriers, we
accept decreasing'returns to scale. We compute thaﬁ |

4&1 = '2'.&2 = .6, and Sé,;l + &2 = .8 <1, Thigréquation is

the one in +table 4.1 with number five .¢crosshar as the measure

of technological change. Here .2 is the capital elasticity of

output and .6 is the labour elasticity of cutput.

- . Caun . .




I 121.
l Table 4.1
l Cobb-Douglas Production Function
Variable Returns to Scale 0.L.S.
(t ~ values in parenthesis)
Technological Change Variable oq 04 0, o D.W. R™
lT.\Tone | ~.137 .372 1.739 1.442 989
(-.129)] (1.809) (5.598) ¢
lDJ. act Distance Dialed (Bell) 2.2'75 . . 726 L0131 2.044 997
(3.018)4 (1.342) (2.762) ; (5.094)
lD'LfOCL Distance Dlaled (B.C.) -.415 .19 1.649 60311 1.647 991
-.388) (.794) (5.235) | {(L.173)
l‘umba,r Five Crossbar (Bell) 2.763 .180 .582 025 t 2.101 95§
(3.775) | (1.656) (2.293) :(5.784)
l Table 472
' Cobb«Doug'las. Production Function
Variable Returns to Scale C - 0.1..8
l (t -~ values in parenthestig) . :
Techinological Change Variablel . oy iooq 05 3 p D.‘..,W. R
Wons {086 438 | 1.674 | 232 | 1.888) .9¢
l z (.072)1(1.832) (4.799) {.861) :
Dl;_o t Digtance Dialed (]3ell)v 2.097 . .179 . 792¢C LO0r2-.121 2.161 9V9 ‘
F(2.877) 1 (1L.528) (3.1203{(4.941%-.438 ) ' |
lm rech Distance Dialed (B.C.)Y1D -, 145 S306 1.628 3997 .187 1.902 g ‘
(~-.119) f(L.021} (4.523)] (.673%{(.68¢6) |
. |
llumber Five Crossbar (Bell) 2.540 .190 667 { .023|-.164 2.1521 .99
(3.590) {(1.3839). | (2.707)1(%.600) G00) |



Table 4.3.

.Cobk-Douglas Production Function
Constant Returns to Scale : O.L.S.
(t - values in parenthesgis)

[\
[Re)

o . s s o, o : o S
Technological Change Variable 0 : 1 3 ; D.W.

None B 8.785. | 1.894 | S .04
o (7.132) | (5.438) o

pDirect Distance Dialed (Bell) 2.006 | . .169 .011 1. 2.139°
- (4.557) | (1.465) | (18.109) ,

Direct Distance Dialed (B.C.) .366 L015 | 2.120 | 1.490
| . (.253) (.044) (6.383)

Number Five Crossbar (Bell) $2.163 .191 .021 | 2.308

(5.304) | (1.770) | (12.233)"

Table: 4.4

Cobb-Douglas Production Function
Constant Returns to Scale : C~0,L.S.
(t - values in parenthesis) .

Technological Change Variable G

“

None ' . 2.721 -.102 .92
(2.918)] (-.361) 1 (10.079)

[NS)
L W
o
N

. 976

Direct Distance Dialed (Dell) 2.037 L1290 Lo12 ~,133 2.183 L989
(4.964) (1L.687M{18.466) (~.484)
Nrect Digtance Dialead (B.C.)! 72,442 ~. 118 L0002 L6277 2,201 975
' : f(2.164 7 (-.281): (.004) {. {8.925) - :
Number Five Crossbar (Bell) | 2.174 L1196 021 -.2233 2.302 831
‘ (6.117) (2.078)1(22.062) | (-~.862) ' j

< 3 St . .




5, . The Private Carriers

In this section we estimated Cobb-Douglas production
functions for the aggregation of Newfoundland Telephone, New

Brunswick Telephone, and Maritime Telegréph and Telephone

companies.

I

5.1 _The Data

The data, with respeét to output, labour, capital, and

technological change are defined in the identical manner as for

- the public carriers.

5.2 'The Empirical Results

The regression estimates are found in tables 5.1 thrqugh

5.4 for the private companies. The equations weé estimated

wexe;

ENOPTSO, = o  * ay znor)K_t + 0L25LnOPLt |

ﬁ_{a.OPtn.sz;ot = 0y oo NOPK. * oa,fnOPL, - 0¢3BLL‘}Jt
sz.nom*sot = ay * oo, 2nOPK, +.cx2gno1?Lt + u3~}3c1jat
QnOPTSOt =g + oy RpOPKt -+ uzznOPLt + uBBLXt

We immediately observe €rom table 5.1 the severae problem

of serial correlation. This problem is subseguently alleviated by
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the Cochrane~-Orcutt adjustﬁent under variable returns té'scale°
In addition for constant returns to/scalé we must also deal wi.th
the ¢ ~ 0.L.8. estimates from ﬁable 5.4. When we perform the
Lests whether to acqept or reject ébnstant reﬁurns, between

fhe equations found in tébles 5.2 and 5;4, we f£ind that we cah
accept coﬁstant returns. With the hypothesie of conStaht returns
tb'scale, Qe sée that the eguation in table 5.4 with the number
.fiVe crossbar yields tfthe best’results. In this case wé.have'a.
capital elastiéity of output of'}SS and'a labour eiasticity of

—

output of .45.

6. Conclusibn

Tﬁerefore we accept constant returns‘to scale for

Bell Canada, B.C, Té;ephone, and;the.privatc cagrier5, 2i1d we
accept decreasing returns- to écale for the public carriers. - Com-
paring the companies by capital elasticities of outpuf we f£find,
writing the highesﬁ to the lowest carrier gives, a ranking of
B.C., Bell,.?rivate, public. Comparing the.companiés by labocucr
elasﬁiéities gives a ranking of ‘highest to lowest carrier WAich:
is‘public; private, Rell éqgmB,C. 'The féct that each ramking is
the éonverse of the othef is not sﬁrprising, givgn thaﬁ we accep-
“ted constant returns to scale féx fhreé dut of. fourvéets,of

_carriers-;~
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l B mable 5.1
.' 4 Cobb~Douglas Production Function
Variabhle Returns to Scale Q.5L.S.
: {t - values in parenthesis)
Technolegical Change’ Variable o 04 o, 0. D.W. R”
None 3.553 | 1.013 .915 612 | .984
(3.302)! (4.368)1(2.622)
Direct}Distance Dialed (Béll) 3.15¢ . 168 . 118 .020 11.163 .998
(7.415)) (1.217) (.700)] (8.15%6) - .
Direct Distance Dialed (B.C.) 1.443 L4354 1.136 1.071 11.021 .988
(L.037)1 (1.254)1(3.481)} (2.080)
‘Number TFive Crossbar (Bell) 3.376 119 .015 .039 11.258 999
{11.639)1 (1.253) (.123)1{12.420)
Table 5.2 -
- Cobb--Douglas. Production Function
Variable Returns to Scale : C ~ 0.L.S.
(t ~ values in parenthests)
Technological Change variable ag oy o, 05 p D.W. ”RZ
None 3.954| 1.126 .791 .602(1.865] 991
(3.408)[(3.932){ (2.156) 5 (2.818 .
Direct Distance Dialed (Bell) 3.497 . 366 .138 .017 LA3611.771 .99¢
(6.778)}(2.144) | (.745)f (6.644){(1.814)
Divect Distance Dialed (2.C.) 2.356 L7086 . 894 1.020 L2ALS L. 977 .99
(2.062H(2.534) § (3.040)] {2.55631{1.260)
Number Five Crossbar (Bell) 3.563 | .249 .041. 036 ] .354(1.812] .99¢
) (1.LO.G94)(2.157) (.333){1(10.756)1(1.418)

-rm-
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pable 5.3
Cobb-Douglas Production Function
Constent Returns to Scale & 0.L.5.
(t - values in parenthests)
Technological Change. Variable g : al' O3 D.W. R2
None 9.820 2.194 415 .787 .
' (8.790) (6.933) ‘
pirect Distance Dialed (Bell)| 2.990 |  .449 012 672 .987
(5.134) (2.934)) {13.805%) ' '
pirect Distance Dialed (B.C.) .506 .065 2.203 §1.529 947
' (.304) (.166)1 (5.980) .
Number Five Crossbdf (Bell) 3.091 455 021 611 .988
' : : (5.597) |. (3.112)} (14.096) '
Table 5.4
Cobb—Dbuglas Production Function
Constant Returns to Scale : C- 0O.L.S.
(t - values in parenthasis)
Technologicdl Change Variable 'ao 0y Oy p D.W. szj
None B - 4.642 | .434 951 | 1,166 | .986
' (7.351){(2.168) (11.452)
Direct Distance Dialed (Bell) 3.437. 5073 L0172 LB60 ¢ 1,887 993
(5.580){(3.504) +(12.367) (2.530)
Direct Distance Dialed (B.C.) 762 176 2,352 m;029 1.746 566
(.612)1 (.527) 1 {(B.456) (~,109)
Nunber Five Crossbar (Baell) 3.415 557 022 S .588 1 1,792 | .994
(5.975){ 3.578) {(13.004) (2.718)




can determine the. capital - labour ratios for any given ratio o

Now that we have estimated the production functions we

factor prices. From optimality conditions of corporate bahaviour

-we know that the ratio of the marginal products of the two

factoxs equalsg the factor price ratio. This means that,

o, TSO ctwooT v

where W  is the factor price of labour, Wk the factor price of

,91

capital, ay is the capital elasticity of output, the labour

%

elasticity of output. Therefore

14 RNy

~- A% -1 ] ¥ a
—— T s

Lol

and so given the factor price ratio for each carrier, we can

determine the capital intensity. This implies that for the same

N
factor price ratio we can rank the cepital intensity of firms

by the ratio of fﬂglwhich we have estimated. For Bell Canada
o 2 .

- the ratic is- .50, for B.C. Telephone it is 1.70, for the

public companies it is .33 and for the private carriers the ratio
is 1.22, "These ratios tell us. the number of units of capital

pexr unit of labour for any level of output, when the ratic of

factor prices iz unity.



Appendix 4.1

1. Provinces

Production Module Symbols

and Country

o) N DRy ’ *£
2. Factors of

Quabec

Ontario

Nova Scotia

Prince Edward Island
Newfoundland

New Brunswick
Manitoba
Saskatchewan
Alharta

British Columbia

Canada

Production and OQutputb

K

L

DD

X

R

TSSO

Physical Capital

- Labour

Percentage of Calls Direct Distance Dialed
Percentage of Telephones in Number IPive Crossbar
and Blectronic Switching System B
Materials

Output of Total Sexrvices

128.
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See for example Christensen, Jorgenson, and Lau ]5].

See the thesis by R. Millen.[13) .

[

See appendix 1 for the definition of the symbols.

- 8S8R ~ SER
v cn
The test is F = 1

S5k
SE5Rap

23

Where F is the computed F ~ statistic for the 0.L.S. eguation
without technological change, SSR__ is the regression sum of
squares for the variable returns 8 scale with no technological
change equation, SSRen- is the regression sum of squares for
constant returns and no fechroToglca1 change. An eguivalent
foxmula is

T2 2
. (vn - R on ) 23
' (1 ~ RZ )
wn

As in the demand module, we utilized Bell's price index for
total services, because as long as the price indexes for

the other carriers are in a fixed propertion to Bell's there
will not be any bias in the estimated values of the parameters.

We do not have access to Bell's computation methods for the
market values of net capital and their capital price index

We are, conseguently, assuming that -the vintages of capital
are identical for Bell, and RBR.C. (and also identical to the

other carriers under consideration ).

The only measures of technological change available to us are
Bell and B.C.'s direct distance dialed and Bz2ll's number
five crosshar. ' ) ;




NS
x

o
3

1o,

i30.

nhPE?EBC”“

AN - & ,..'-' + g o o vy yen 3 oy T I gy 2N e e o~ -y N e et
Alberta Governmeiht Telephones, Aanual Repert, various issues.

Bell Canada, Anpual Report, various issues.
Bell Canada, Rate YMearings, Exhibit No! B-73-61, B-73~062,

PRSI e ae

Decembermigﬁj.

British Columbia Telephone Company, Annuval Report, -various

"pemand and Cost: An Empirical Study. of Bell
e of Canada™, in %Yoleuvcrirunications fox Cenaoda,

1A
. Englisn, Metheun, Woronto L4773,

Christensen, L., Jorgenson, D. and Lau, L., "Transcedental

Logarithnic Production Frontiers'", The RKeview of Econo-
] 4
pe ,

mics and Statistics, May 1973.

Dobell, R., Tayloxr, L.D. Wavermnan, L., Lia, T.#H. and Copeland,
M.D.Go, ¥4 clbgnwnc Communicationiin Canada: Demand’ '
Production and Ynvaestmant D@a“'tcs"”, The Boll Tournal
Ol Doonownies and Manosgement sceience, vol. LI, Sprang

1972,

Edmonton Telephones, Annual Report, various issues.

Department of Communications, Financial Statistics on
. Canadian Te I@(OWHHWLC&ELOI Common Carriers, Ottawa, 1974.

ITnstitute of Applied _ﬂCOﬂOmiC Resad LR.), "Rate
Adjustment Guidelines for Regula tries ", A Study

'f§>3?‘t}‘1e<"! epartment of. Communi catl bns ;e Ottawa, May
1976, )

Manitoba Telephone Systewm, Annual report, various issues.

8

Maritine Telegraph and 'Telaphone Company , Annual Report, various

Lssues.,

MLllon, R,

L|w1“y

and Short !
Unpubiisned

[REREN




[

New Brunswick Telephone Company, Annual Report, various
issues.

- Newfoundland Telephone Company, Annual Report, various

issues.

Saskalchewan .Telecommunications, Annual Report, various
issuas. ' ' :




CHAPTER 5

" TBE FINANCIAL MODULE ‘ i
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1. Introduction

The financial module describes the relationships which

determine the rates of return on the various financing instruments

Q
i
=

o

for the different classes of telephonz carriers. The formulation
of such a system, which estimates the past structure, enables us
to determine the impact of a firm's financing and factor hiring

decisions on the rates of return. In fact, if these impacts exist,

then we have found empirical evidence which'shows that the carrier

has nonopsony power in its capital markets. This moncpsonv power
igs manifested by the significant coefficients which arise out of our

on.

r.J-

stimat:

An immediate question concerns the types of financing
instruments. Although thers are many instruments, we can define

chree broad classes, debt (both long and short term), common equity
and preferred equity. These different types of financial commodities
hold relatively different position of importance in the portfolios

of the various conpanies.

Due to our aggregation over financial commoditles we must
compute the rates of return on debt, common, and preferred eguity.

These rates of return play an important role in the integrated

model, of which thig modal is one segment. The rates are part of

the computation of the marginal costs associated with a particulav

financial comncdity. Ceonsequently. fferences in hoth the return

and the functions which determine them, will cause dlffcrcnc\s in
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the marginal financial costs, and thereby, affect the)attractive~

ness of the alternative instruments.

.

The financial module is divided into three broad sections.
_Eéch section descripes the equations and resuits-for a different ‘
carriex; the first is Beli, the seéond is Rn.C. Tgiephone, and the
third is the priﬁate cariiers,' ngause the hature'of'the financial
charaéteristics depends, not only on.the market siructure donfrdntihg-
any carrier, but.also on'its'internal ownership strﬁcture, we feel
~that it is inappropriate to deveiop thé financial modﬁle for the’
éubliciy~owned companiesi This justification stems from the fact'

-that it is completely meaningless tc analyse equity and in most

cases bond debt for crown corporations. Whereas, with regards to

demand characteristices, which depend on product market structures,

]

¥ ) b b H
e e e d-reesen T o
ion cend on bechncelegy, the nature

v 7
L \sL25D g Yead oL

of the ownership of a particular carrier is completely irrelevant
and so demand and prcduction functions were estimated for the

crown corporations.

2. Bell Canada

2.1 Introduction

In the case of Dell Canada the three types of financial
instrmuents, common equiky, preferred eguicy, and debt, play

distinct roleg. Dabl and common eqguity sire Ly far the most important,

zrred shares in 1970, We

1
Q
o
&
-
\—I.
C
-
i
0
f"
0]

since the company just
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discuss the data which was used for the Bell Canada financial module.

2,2 Ehe Daté

Firstly.we needed to calcuiate the rates of return,
The rate of reﬁurn on debt for any tiqupériod is defined as fhé
interest payments and other fixed charges, on debt during the
period, divided by the value ofioutsténding'debt. This definitibn
is sufficiently general in that it 1s sensitive ﬁp qhénges in the
maturity composition of debt. The data on inﬁérest payments- and

outstanding debt-were obtained from the financial statements of Bell.

e

b

[eh

.
ir

“he rate of return on common eouliy was

erive

Cy

terms of a more complicated formula. Investors who'pufchase com;
mon shares must- expect some.minimum level or return to induce .them
to invest, This compensatién, which may be in %he‘form of incomé
(dividends) oxr capital gains (or both), when related to thq narket

price of common shares is the rate of return. With this concep-

“tion of the rate of return we can apply the discounted cash flow

formula to find the rate. This formula is,

1 B

Qct+l
A fg .
A L

Co

.G
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where Yot is the rate of return in period t, Dct+l is the value

of dividends per common share at. the end of period t (or the

beginning of period t+1), Pt is the market price in period t,

and 9, is the rate of growth of dividends per share in period t.

Obviously D and can be obtained from the balance sheets.

™

In addition, we adjusted the issuve price for any premiums ox

ctt+l

discounts. The rate of growth, however, reflects investor's ex-
pectations and so cannot be directly measured. To arrive at a

J.t

log=~linear Jeast squares growth rates of dividends per share was

plausible estimate of g, for every’time”period, the mean of the

computed for the past ten years. - The growth rate (i.e. the re-
gression coefficient) was significant for the years 1957, 1958,

1964, and 1971 - 1975. Thus we used g_ in the r__ formula for

B R = e T SN iy TH Dy ppna B

LINSoDE y&an s diill, L7 i Ueaildy, YVEdaib wWwis  wioUn = jae it d ()
-

2ex0.

.Thefrate of:retu;n on preferréd shares waé calculated
according to the same type of formula we . used for common shares.
However, because Beli has only issued preferred shares since 1970,
WG took Yy to be ‘a constant and therefore it does not enter into
the method of measuring the rgturn. The preferred issues for Bell
have‘varibus distinct.classes."Therefore to-detérmine the iate
of return on preferred shares we wcightcd the‘returns on the
différent series by the pfoyortién ofveach series ont of the total

.

outgtanding value of preferred shares For each year according to the

data described in Bell's balance sheels.

) . ) R . .
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I4
2.3. The Empirical Results ‘
We estimated relationships for the rates of return, in
other words inverse investor demand functicns, which depended on
the value of debtit, eguity, income, leng-term government bond yield,

and a long-term corporate bond yield. The‘rationale for this sel~
ection of regressors rested on the grounds that the values of debt
and equity influence the rates of return. In other words we want

to tezt for the existence of mcnopsceny power on the part of Bell.

In addition, the government and corporate bond yield represent

the alternative forme of investment available to the bondholders

and shareholders, while income stands for the aggregate measure of.

sconomic activity which facilitates investors attempts to increase

A . - . .
stible fundc.”  ¥Yn gencral, then, we can write the func-
tional specification of the rates of return as depending on the
financial commodities of Bell, the returns on alternative assets

and the general level of economic activity.

Befcre we procead to the estimation of the rate of re-~ s R

turn equations, let us recall the fact that Bell has only begun

to issue preferred shares in 1970. Therefore we believe that any
results obtained from the rate of return on preferred shares equa-
tion will not be sufficiontly robust. Therefore, after cemputing

. -

the ‘rates of return on comuon and preferred shares we formed a

waelghted avarage return on eguity such that
Avalue of common equity%_) i Avalue "of preferred equity_b)
r = — 4 x
: - X ' L
st ct  Galue of equity, "PY value of equltyt
G :
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where Yo is the rate of return on equity, ¥t is the return on
. . 2 . ) - .

common shares and r is the return on preferved, all defined in

pt
pericd t. - '
The equations that we estimated were

Y

- = 3 P o ; . 1)
Yot = @ (PpeBrs PopSeTapr i) (2.1
= S, . r_. | .
Tst VS(pstt' Pet”tTat, Yt) (2.2)
% . A .
| _ : ,
where is the rate of return on debt, ¥ and £ are the functiohs

bt
for debt and equity respectively, Pyt is the price of bonds, Pot

is the price of shares, r_, is the return on the alternative asset,

atl

and'Yt is income, with all the variables defined in period t. We
estimated equations (2.1) and (2.2) in linear and log-linear forms.

The linear form can be representéd by.

Yot T VoIV 1Pt PetYoPee St Y3  art VeV - (2.3)
.o 5 . ' 2
Yot T YorYaPpeBetYoPer St YaTae VY (2.4)

while the leog-linear or double-log eguations can be expressed as

. ' =1 4 o __’_ . vx' -~ -v-. “ "\.. p
1og Ty = Yoty 109 Py Bty 109 Py Sytyglog xotyylog ¥y

og r., = v +v.lo SRV S ty.log r_  +v,log Y, .
1og ar T Yo (1109 PpyBytv,log pst”t*Y319g TattVg09 Yy

Ve also estimated equations using the ratio of the value

of debt to the value of equity, but these results were nol quite as




. A 139.

robust as the ones we accepted when deblt and eqguity were not con-

strained to be in ratio form.

we can observe that when we assume that the
alternative asset's rate of veturn does not affect the return on
equity then the equations suffer from a high degree of positive
autccorrelation. Moreover, once we adjust for autocorrelation,; we
N i

still.do not perform well. We.feel, then, that the rate of return
On>1ong~térm corporate bondsg, should he included as representatives
of substitutable or complementary choices,fof the investor. From
Tables 2.1 and 2.2 we find that the corporate bond rate is‘a some-
what better explanatory variable than the government boﬁd rate.

Cnce again, inceme is not a significant variable, and by the Durbin-

regressions in Table 2.1. It does bear mentioning, that the wvalues
of the estimated coefficients are remarkably stable; that is, for

example, for all the ragressions in Table 2.1 ‘and 2.2, the estimates

L

of ¥, are .000L. A word should he said concerning the values of

R“. We can observe that from the following tables the Rz's are

remarkably high for rate of return equations. Giving us one more

o e

ndication that we are on the right track towards an adequate

representation of the determinants for the rate of return cn equity.

find that the income variable is insignificant and that the equations.




TABLE 2.L

Rate of Return on Ecuity
Linear Model: O0O.L.S.

(£ - value in parenthesis)

! | o 2
Alternative Asset ; Yo Y1 . Yo i Yy o Y4 -D-W- R
None 057 0001 | ~.0001 i 1.070 | .783
E (11.541) | (2.902) | (-2.333) -
None - 048 | .o001 | =-.0001 ; ©.000001 | 1.44 .805
(6.283) | (1:379) | (~2.469) (1.581) ‘
Government Bond. 073 .0001 | - -.00005i =~.478 | | 1.305 .812
{7.516) | (3.246) | (-2.373) ! (-1.853)| ' ~
Government Bond .065 £ .0001 | -.00005] -.358 000001 | 1.242 © 1 .815
- (3.764) | (1.742) | (-2.380) | (-1.083)! (.600) 3 »
| ] SR
Corporate Bond 080 ©.0001 | -.00006! . -.548 | 1 1.467 .830
(7.845) (3.755) | (-2.853) | (-2.479) | : : :
Corporate 3ond ,673 | .0001 | --.0001 - 477 .00001 1.460 |- .833
| o (4.816) | (2.197) |(-2.802) [(-1.887) | (.616) | Lo

0pT
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' TABLE 2.2 ' ‘ ' '

Rate of Return on Eguity

C-0.L.S.

ILinear Model :

( t - values in parenthesis )

T

. . ,:54’_)
Alternative Asset Ya Ty Yo Y3 Y4 o) D.¥. R™
None 049 L0001 | -.00002 .546 1.685 .843
(5.811) {1.485) (-.882) (3.250}
None .047 .C001 ~-.00003 .000001 .4872 gl.687 . 846
(5.414) (1.082) (-1.184) (.660) (2.74%) g
Government Bond 059 .0001 -.00002 | ~.267 .486 1.674 348
{4,668) (1.649) (-.924) (-.850) (2.782}
Government Eond .056 .0001 -.00003 -.235 .000001 455 ‘1.674 .849
i 13.573) (1.211) (=1.0747% (=.707) 1 (.467) (2.558)
Corporate Bond .066 0001 -.00002 | -.383 457 1.704 .856
{5.250) (L.278) | (-1.064) (~1.433) (2.56¢
Corporate Bond .063 . 0001 -.00003"y -.362 |-.000001 .423 1.693 .857
{4.198) (1.416) (=1.233) (~1.306) | (.480} (2.322)

TPT
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.Pfoceeding to the abuble~log model, we find that from
Tabla 2.3 the cérporate bond‘ratexperforms‘quite well as the exp-
lanatory variakle re?resénting the alternative asset. Although, in
this case income is'signifibant, it becomes so at the enxpense of
the t~values offyl and Y5 which aré the coéffiCients of the ratgs

of return on debt and the corporate bond rate. In Tables 2.3 and

2.4 we also observe that adjusting for autocorrelation does not

adequately improve the results, and indeed, for the last eguation

in Table 2.3, which seeme the best for the double-log model, that

the D.W. statistic is in the acceptable region and so the Cochrane-

.

Orcutt adjustment is not.really necessary.

.Again, one should notice that the values of Rz,for the

double~log are not as high as for -the linear model. Suggesting,
among othér criteria, that the linear specification performs better

than the log-linear.




TABLE 2.3

i

Rate of Return on Eguity
g

l:-.: O.L..S.

Mcde
( © - values ir. parenthesis )

Double~xLo

i : . K -
EZlternative Iiset% Yo Y1 Yo Y3 Yq D.W. R”
None ~2.42% 1.175 -1.094 .9el .560
{~2.874) } (2.4E5) (-2.036}

None ~-38.221 458 ~1.134 1.007 . 4 1.226 .709
(=4 .416) (1.117) (-2.538) | {3.362) :

Government Bond i -Z.750 1,230 ~-1.127 -.072 1.028 .560

' 1(=1.367) | (2.137) (-1.947) ¢ (-.181) '

Sovernment Bond ~-8.710 .E75 -1.182 ~.104 1.010 1.269 . -.710
(-3.540) (1.121) (-2.456) (-.313) (3.300)

Corporate Bond ~2.711 1.230 | -1.130 -.070 1.015 .560
{-1 Yi {2.176) (=1.950) | (-.092) ‘

Corporate Bond -10.814 740 -1.359 ~.430 | 1.146 S 1.446. | .734
{-4.180) (1L.28¢C) (~2.922) |¢-1.411) (3.708)

eV T




Rate of Return:on Equity
Double~Log Modei: C(C-0.L.S.

{ £ - values in parenthesis)

"
i)
inl

v '\:/2 | 'Y3 YA ) 0 ..L)-V\T..

.298 ~.00% 654 1.735
(.824) | (-.022) (4.438)
184 ~.690 .200 L4556 1.635
(.479) 1(-1.384) | 1 (1.830) (2.559

1.737

W

o0}

.
OO

—~
s
o«

<
[6)}
v

—-
.

L1029 —~.6386 ~-.026 .900 - 455 L.636
{.473) (=1.323} (-.068) | (1.787) (2.554). ‘
308 .145 ~.367 .686 - 1.761
(.853) (.334) | {-.986) (4.711)

() QSN

-.689 | -.370 997 | .
) | (-1.396)|(-1.043) | (2.050) | (2.4

=1 U1

~
.
= O
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TABLE 2.5 '

Rate of Returﬁ on ‘Debt

Linear Model: O0.L.S..

( £ ~ values in parenthesis)

Alternative Asset Yo Yy Yo Y3 Y4 D.wW. R
Mone .030 ~. 000003 . .0060L A 1.497 | .969
‘ {25.261) | (~.208) {2.040)
Nene . 031 .0060002 .0000% -.000001 1.634 .969
{16.205) (.150) . (2.036) (-.829)
{ . ' ' .
Zovarnment Bond 027. -.000G604 .0000% .G76 1.503 . 570
(11.344) | (~.447) (2.007) (1.192)
Government Dond .027 .t ~-.00001 .0000% .C81 .090003 1.421 - .970
' (6.286) (~.372) (L.946) | (.986) (.102) :
Corporate Bond .02¢9 ~.000004 .00C0. .029 1.470. .969
(10.491) (=.423) (2.C50) (.431) :
Corporate Bond . 030 .000003. L0000 .015 -.000001 1.589 .969
(7.338) {.017). (2.005) - (.224) (—.443)
| .

TN




Rate of Return con Debt
Linear Model: C-0.L.S.

{ £ - values 4ir. perenthesis}

Alternative Asset | v, ] Y, | Y3 Y, o D.7. r?
None - .028 ©=.20002 |  .00002 .345 1.668 .974
< {19.846) | (-1.746) {3.413) i : S (1..835)
None .028  -.00002 .00002 | -.000007 .323 - 1.708 974
(14.124) | (=1.297) (3.185) 4 (~.252) (1.705)
Government Bond 025 —.OOOOZ .00002 .030 . . 345 1.737 .976
{3.829) | (=1.893) (3.387) | {1.267) {1.839)
Covernment Bond .024 -.30002 .00002 .101 .00001 ;357 1.702 ' .876
£.202) | {(=1.734) (2.918) {¢1.270) (.333) _ t{1.911) :
Corporate Bond . 026 -.00002 :00002 .044 | .3s55 1.684 | .975
(8.497) ¢ {-1.247) (3.414) (.674) _ (L.897) | =
Corporate Bond .026 . ~.00002 | .00002 .043 | -.00001 .354 1,684 .975
, £5.729) 1 (-1.5190) "] (3.093) (.627) | (~.002) (1.894) . =

OVT

. . N . N . .
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: ’ TABLE 2.7 ‘ x '
Ratze of Return on Debt
Dounle-~-Log Model: 0.L.S.
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TABLE 2.8
Rate of Return on Debt
Double-Log Model: C-0.L.S.

{ £ - values in parenthesis )

A oy S < h P ,[ . ’ : . 2
%—;L TCEXnative AssecT . -\‘,O ‘fl_ -Y2 ] .\',3 -Y4 ) 0 D.W. - R*
None ~5.403 -.300 . .720 o | .696 1.591 . 974
| ~20.432)| {=2.933) | (6.082) (.4851)
‘ ' : : ; g f
None ~6.783 -.317 .634 .108 .659 1.5608 .974
| (~7.014) | (~2.737) | . (3.563) | 4 (.518) | (4.384)
Government Bond | ~6.030 -.302 | .700 | .052 . .698 1.717 .974
(-8.061) ! (-2.880) (5.455) "I (.461) | (4.878)

4 .052 | .109 .660 1.631 .974.
7) | (.452) | (.516) | (4.388) | ~

Corporate Bond ~6.472 -.299 | 723 -.013 o . .695 1.68¢9 974
(=9.025) | {(<2.831) (5.657) | (~.122) : (4.£32) ‘

Corvorate Bond ~5.895 -.317 638 ~. QL7 J111 .659 1.608 .S74
(=5.571) | (-2.652) (2.464) | (=.150) | (.518) | (4.3384)
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‘The rate of return oﬁ debt equations are preéented in
Tables 2.5 to 2.8. Table 2.5 and 2.6 refer to the linear mddel.
These results ghow us. that from the investor's point of view the
govarﬁment bond rate is not much more adeguate as an alternative
rate of return compared to the corporate bond rate, although we must
observe that beth rates do not perform exceptionally weil. More-
over, from economic theéry we should éxpect that an increase in the

value of debt tends to increase the rate of return on debt. In

other words, we expect to find that Yl>0; and y2<0. On these groundgs
we can reject all the regressions in Table 2.6 and most in 2.5.

For the other equaﬁions in Tabkle 2.5 the value of Yy although
positive, is insignificant and so the linear model as it appears

in these Tables, is inadeocuate..
In Tables 2.7 and 2.8, we find the double-log model for

L We reach the same conclusions as in the linear model, that is,
[ ) .
the alternative rates of return do not perform well. One must also
say that in general, in Tables 2.7 and 2.8, that Ylfhas the wrong

sign, and when T L8 positive, it is-insignificant. Thus, &ll the

equations in Tables 2.5 to 2.8 have limitations. The problem may
be that the dependent variables do not properly show the investors:

preferences towards the different types of capital utilized by Bell

Canada. We are saying that, not only should the prices of dekt and

egquity be included, also the price of physical capital should be

one of the regressors.
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Moreover, we alqo Lested for an alternat1Vu deflnltlon of the
rate of return on equlty. Because equity includes, not only common
and preferred shares but aléo capital surplﬁses, rctalnad earnings
ete., we caﬁ défine the rate of retﬁrn as nétAincome divided by
equity for any time period. We then ran regresqions 1nclud1ng tne
price of phy51cal capLLal in the returns. on d@bf and equity equatLons

along w1th the new definition of rgt. The'best.results are

log rpy = =4.521 + .618  log ppeBp - .358  log pgiSt

(-9.806) (2.700) Pkt (=1.370) Pkt
D.W. = 1.200 RZ = .853
where ?Jé .618 >0 and 99= - 358 <0 (the t- values are in pdrentheblu .

the rate of return on equity equation is,
rst = .054 (1+.051) % .00005 (pphBy

4 ,,0-5]_*(}3}')‘11_113,{::_1- - .OOOO2'(pSAL~_St

Pri-1 Plt
+ .05 gig_iiﬁ_J) - 250 (Typ¥-051r ¢ 1)
Pl
~ L 0B)lrgl g
D.W. = lkeso © RZ. = 500

i

where 3= .00005>0 and 9 = -, 0002 <0, with r_ . defined as the corporate

bond rate of return.
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3. :British Ccolumbia Telephone

b

3.1 Introduction

D)

In this section we discuss the results for the rate of

return equation which are applicakle to B.C. Telephone.

3.2 The Data

The data for the dividends per share (éommon.and preferre@)
were obtained from the companies Ffinancial statements, as were
interest payments and the valué‘of debt. Moreover, from the
accompanying financial data, we were able to obtain‘market“prices

of the different classes of shares. With this data, we bomputed

the rates of return on commcon equity, preferred shares, and debt in

¥

the gamn fachion oz far Boall On

3.3 The Empirical Resultsg

The equations that we estimated tested for the form of the
function i.e. linear, double-log, semi~1bg eﬁc., and the manner in
which thz regressors entered the function i.e. in ratio form,
additively etéu The results which we present in Tables 3.1 to 3.8

arise from the equations of +the form

B

Py ] P8 v
. - FEDbLETE phipt : ;0 . -
Tiw = T JA&_ o { g ', 3 . ‘(: '(—'-'- : fat ; Ste' i = b 1Ce (5 . )
' St ¢t 8T Cu

where the subscript i = b refers to debt, i = ¢ refers to common

equity, and i = p refers Lo preferred shares. The equations which

we present are for common eguity, and debt in linear and double-log
B

form. fThese 'ahles illustrate

riarkets.
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