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FOREWORD - i

The Institute of Applied Economic Research (IAER),
successor institution of the International Institute of
Quantitative Economics founded in 1969, has been active
in its present form since April 1976. The IAER has firmly
established itself as Concordia University's Institute for
programmes of socio-economic research and training related
to both the developing world .and Canada.

The IAER envisages the most fundamental problems of
economic and social development in the developing world to
be:efficient use of scarce economic resources; creation of
employment opportunities; overpopulation; food availability
and the development of the rural sector; equitable distribu-
tion of income; development of an indigenous research capabi-
lity and planning of educational systems; and, the social
implications of alternative development strategies. These
problems require new kinds of international collaboration
between the developed and developing countries.

For the industrialized countries, such as Canada, the IAER
sees some of the major problems of economic-and social development
to be: management of natural resources, especially energy;
preservation of the environment; improvement and management
of urban public services; regional economic disparities;
inflation and unemployment; and the developmernt of socially
acceptable income policies. These problems require improved
forms of collaboration at the national level among universities,
the public, government institutions and the private sector.

The IAER, through international and Canadian collaboration,
attempts to make a contribution to the solution of some of
these problems. In order to begin effectively the task of con-
ceptualizing, defining and analysing these fundamental problems,
the IAER utilizes the most modern methods of scientific analysis
available, as well as the services of recognized experts in the
relevant fields, who participate as Senior Research Advisors and
Research Associates.

The IAER's contribution to the solution of some of these

major problems, referred to in the preceding statement, takes
the form of:

1) initiating, organizing and implementing major economic
research projects, at both international and Canadian levels,
occasionally in collaboration with other research institutes
and interested specialists;

2) organizing seminars and conferences on specific economic
issues of particular international and Canadian interest; and

3) serving as a link between Concordia University and the
Canadian private sector.with the objective of ipcreasing the
latter's awareness of participation in, and support for .
applied economic research. -

The IAER, given its expertisc and experience, believes that it
has a useful and necessary role to play both in the developing
world and in Canada. -

Professor Vittorio Corbo
Director
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in particular) may have objectives other than profit maximization,
or at léast objectives in addition to profit maximization. Even
if the rate of return constraint still applies, alternative ob-
jectives of the firm may result in different inefficiencies or

in no inefficiency at all. Second, reéulatory agencies themselves

usually have mixed objectives. While in the long run rate of

return tdargets usually dominate in the determination of allowed

prices, because of political constraints regulatory agencies in

the short run may find themselves regulating prices, to some ex-—

tent independently of the resulting rate of return. Furthermore,

many regulated companies produce more than one p?oduct, and an
objective of the regulatory agency may be to regulate the relative
prices of these products, so as to.cross-subsidize one product

at thé expense of another. As we will see, theéé.alternative ob-
jectives of the regulatory agency may again lead to different kinds
of inefficiencies, or to no inefficiency at all.

If one is interested in measﬁring the‘regulation—induced
inefficiency for a firm such as Bell Canada, these issues become
extremely important. Let us examine them in somewhat more detail.

Consider first the implications of alternative objectives for
the firm. As mentioned above, objectives other than that of profit
maximization can result in something quite different from the
standard Averch~Johnson over—capitaiization. As an example of this,
if the objective of the firm is revenue maximization instead of
profit maximization, then the rate of return constraint will re-

sult in under-capitalization rather than over-capitalization, i.e.
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Now let us consider the objectives of the regulatory agency.
Most studies of regulation-induced inefficiency are based on the
assumption that the regulatory objective is a rate of return for
the firm that is in some sense "fair". Indeéd, there is little
doubt that in the long run a fair rate of return is the dominant
objective in the regulation of monopolistic firms (although as
we will see, even in the long run other objectives may also be
important). However, even for a monopolistic firm that produces
only a single output, in the short run there may be political or
institutional constraints that prevent the application of rate
of return objectives. Regulatory lag is of course one example of
this, where the regulatory agency is simply not able to respond
instantaneously to changing (increasing or decreasing) costs by
adjusting price to keep the rate of return fixed. In some cases,

however, even where the time required for a rate review is not a

problem, political constraints on the regulatory agency may prevent

the agency from adjusting prices in a way necessary to achieve a

desired rate of return. 1In this case we could say that the object—

ive of the regulatory agency is the price itself, rather than the
rate .of return. But all our observations on the behavior of the

firm in which our estimations are based refer to short run points.
Thus, in our empirical implementation of the model we assume price
regulation for monopoly services. (Although we stress again that

such an objective is likely to apply only over the short term).

Many regulated firms, and Bell Canada in particular, produce

more than one output, and regulatory objectives often involve the

cross-subsidization of outputs. This means that in addition to
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CHAPTER I

INTRODUCTION

One of the fundamental questions involved in the regulation
of a monopoly is the inefficiency inttoduced by the regulatory
constraint. In their classic paper, Averch and Johnson showed
that for a two input case (labor and capital) a monopoly operat-
ing under rate of return regulation would tend to over-capitalize,
i.e. would use a capital-labor ratio greater than the cost-minimiz-
ing capital-labor ratio. This Averch-Johnson result haé become the
basis for most of the analyses of regulation-induced inefficiency.
A number of economist have dealt with ways of extending the Averch-
Johnson analysis and making it more applicable.to realistic problems,
but in general these have consisted of variations on the basic
theme of determining the effect on a profit-maximizing monopoly
of a rate of r,eturn\constraint.l

Most attempts to measure the size of the inefficiency result-
ing from regulation have been based on this basic Averch-Johnson
model. Typically, one attempts to measure the extent and cost of
over—capitalization that should result if the firm tries to maxi-
mize profit under the rate of return constraint. There are a -
number of problems, however, with this basic framework for measur-
ing inefficiency. First of all, the objective of the firm may not
be profit maximization. There is now considerable evidence from the

industrial organization literature that many firms (and large ones

1 ‘ C s . - .
As an example of a variation on this theme, a number of economists

have attenpted to determine the effects of regulatory lag, i.e.
the lags resulting between the time a price change is requested
or the actual rate of return changes and the time that the price
change is actually enacted by the Regulatory Commission. One
can show that in some cases regulatory lag will diminish the
extent of over-capitalization that would otherwise result.
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'const;aint which-depénds on the parameters of the production
frbntiep. But these sSame parameters are precisely the ones that
‘we need to estimate.

From a comparison Qf the allowed and actual rate of return
we concluded that a rate of return regulatién was in effect only
after 1966. Thus, we tried to estimate the prpduction frontier
parameterizing the Lagrangian multiplier of the regulatory cbn—
straint by imposing a value of zero up to 1966 and then allowing
it to take two or three sets 6f values for the period 1967 to 1976.
These values were taken as parameters to be estimated jointly
with the other parameters of the préduction frontier. This pro-
cedure introduces some biases in our estimates because the multi-
plier of the'constraiﬁt is indeed a variable but we treat it as a
parameter in our estimations. Attempts of this sort were not suc-
cessful with respect to stability of the estimated values of A.

The second problem arises when the model is simulated; if
we treat the'multiplier (A) as a variable in the simulation it
is very difficult to obtain good tracking for the different
variables involved due to the faét that in the estimaﬁions it
is treated as a parameter. Thué, the values of the residuals
in the estimation of the equations affect A directly; A
capturing all the random errors. Hence, in our finél model,
short term regulation enters only through the price of local and
telephone message toll services.

What is important here is to'recognize that the regulation
of prices can critically alter the nature and extent of regulation-
induced inefficiency. The effect on inefficiency will depend on

the structure of production of the firm.
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the exact opposite of the standard Averch-Johnson effect.l In

fact, it appears that revenue maximization is at least one of

the managerial objectives of a number of larger firms, and this

is sometimes used to explain the fact that empirical studies often
fail to show evidence of ovef—capitalization in the regulated

firm operating under a rate of return conétraint.

The firm might operate with still other objectives. 1In our
work ‘we have considered profit maximization to be\the pfimary
objective of the firm subjeqt to regulated prices for the mono-
poly services, local service and telephone message toll, and a
production frontier. However, it may be that the firm does not

maximize or minimize at all, but rather satisfices. There is also

considerable evidence for satisficing behavior in large firms,
where managers operate under the restriction of some minimum
acceptable level of profit (rather that maximize profit), and
possibly miminum and maximum acceptéble levels of other variables.
We have not attempted to determine the effects of satisficing
behavior on the efficiency of the firm (not to our knowledge has
anyone else), but clearly we cannot be confident that over-
capitalization will occur as it did before if the firm is engaging

in some kind of satisficing behavior.

To see that the revenue maximizing firm under-capitalizes when
faced with a rate of return constraint, just solve the con-
strained maximization problem

MAX PQ s.t. PQ - WL < sK _
with s, the allowed rate of return, greater than the cost of
capital r. It is easily shown that the solution to this problem

yields MPK/s = MPL/w, where MP and Mp, are the marginal pro-

ducts of capital and labor. But cost is minimized when MPK/r =
Mp; /w. Since s > r, the firm is therefore under-capitalized.
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where f is an aggregator function for outputs and h is an
aggregator function for inputs. The problem here is that the
restriction of separability in outputs and inputs implies that
there is né difference in the capital-intensities of the |
different outputs, so that a priori the relative price constraint
would have no impact on the extent of inefficiency. Because of
this problem, we have now estimated a production possibility
frontier and a multiple'output cost function for Bell Canada that
is unrestricted, i.e. that is ndt a priori separable in oﬁtputs
and inputs. .

In Table 1 we summarize the effects of regulation for .various
‘objectives of the regulatory agency and for various 6bjéctives

of the firm.
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its rate of return objective, the regulatory agency might also

wish to set relative prices, i.e. the ratio of the price of one

output to the price of another output. Note that as long as

the levels of the individual prices aré not an objective of the

regulato:y agency, (but only the’ratios of prices), then this is

consistent with a rate of return target as an additional objective.
The regulation of Bell Canada is a good example of where

relative prices are a regulatory objective in addition to the

rate of return. In our work we have look at Bell Canada as a

firm prodﬁcing two major outputs, regulated telephone services,

(local telephone services and telephone message toll) and other

toll services. It has been argued that one of the objectives of the

regulation of Bell Caﬁada has been to subsidize local téle?honé

service at the expense of long distance and other'toll services.

In our model this has been introduced by taking the price of

local services aﬁd telephone message toll as fixed at the dis-

cretién of the regulatory authority. Then we"éssume that Bell can

choose the price of other toll services as to maximize profits.

Then the weighted price of local and message toll services can

be compared to their marginal cost to analyze the extent of cross-
subsidy. We have also experimented extensively with the intro-
duction of a separate rate of return constraint but"ouf results
have not been successful. Two type of difficulties have arisen.
The first is that to obtain accurate estimates of the coefficients
of éapital in a general translog production frontier as well as
for the cost frontier, we need a side condition for éapital. In
the presence of a regulatory constraint, the side conditions for

capital involve the Lagrangian multiplier (A) of the regulatory

¥




This report has six chapteré and one Appendix. -In

Chapter II we estimate demand equations for telephone services.
éhe demand equations that'we estimate are of three types:
Flexible functional forms, choice between linear in.the logs
and linear in the variables models and habit formation model.
High price collinearity makes it very difficult to séudy cross-
price effects. Also the lack of disaggregate "data into
business and residential does not allow the estimation of
separate demand equations for these two types of services.
A priori one would expect different demand functions for both
types of users. For residential demand, one would use ﬁodels
of cbnsumption and for business demand, models of demand for
intermediate inputs.

| In Chapter III we present the structure of a simulation 6f
the real structure of Bell Canada. By real structure,we'meén
the determination of factor inputs: Labor, Capital and Raw
materials. Two alternative models of the real structure of
Bell are presented. They differ in the specification of the
underlying production technology. In the first model the pro-
duction technology is characterized by a general twoéoutput
three—inpuﬁ translog production function. In the sécohd, the
technology is implicit in a general two-output, thrée~input
translog cost function.

In Chapter IV, we validate the model of the real structure

of Bell Canada. We validate first the demand model by itself,

then the production model by itself and finally both models
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Let us take Bell Canada as an example. Assuming that the
firm's objective is to maximize its profits subject to the rate
of return constraint, the resulting over-capitalization may be
either exacerbated or eliminated by the price constraint. To
see this, suppose first that regulated services are much more
capital-intensive than other toll service. In this case, sub-
sidizing the regulated service through the relative price con-
straint will reinforce the over-capitalization that results from
the rate of return constraipt, since the firm will produce more
of the regulated service, and hence use more capital than it
would have had it not faced the relative price constraint. If,
on the other hand, non-regulated service is more capitai—intensive
than regulated service, the relative price constraint will work
in just the opposite direction and will reduce the extent of
over-capitalization. In fact, if the relative price constraint
and the difference in capital-intensities are strong enough, the

result could even be under-capitalization as the relative price

effect overwhelms the rate of return effect.

We thus see that the determination of regulation-induced in-
efficiency depends critically on the structure of production, and
this is exactly the reason that we have recently attempted to
estimate unrestricted production and cost structures for Bell
Canada. Recall that in the IAER report of March 31, 1978, produc-
tion functions for Bell Canada were estimated that were a priori
restricted to be separable in outputs and inputs, i.e. were of the
form

F(yl.yz,xl,xz,x3) = f(yl,yz) - h(xl,xz,x3) =0
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EFFECTS OF REGULATION

OBJECTIVE OF FIRM

PROFIT MAX.

COST MIN.

Rate
of
Return

Over-capitalization
(standard Averch-
Johnson case)

Under-capitalization

Over-capitalization if

cost is minimized subject

to largest output satisfying
rate-of-return constraint.

Objective
of
Regulatory
Agency

(i.e. Con-
strained
Variables)

Rate of
. Return

and

" Relative

Prices

Relative price con-
straint could re-
inforce over-cap-
italization, or
could lead to less
use of capital.
Depends on the
structure of pro-
duction.

Relative price con-
straint could re-
inforce under-capital-
ization, or could lead
to more use of cap-
ital. Depends on the
structure of produc-
tion.

Could lead to over-capitali-
zation or under-capitaliza-
tion. Depends on the struc-

ture of production.

Prices

If price ceiling is
not linked to a rate
of return, no bias
in single-product
case. In multi-
product case can
lead to over-or
under-capitali-
zation, depending
on structure of
production.

Same as under profit
maximization.

Same as under profit
maximization.

6/
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the study remained plagued by a high degree of collinearity among

the price variables.

- ap

The main’conclusions are the following. First, and not
surprisingly, the flexible functional forms (Translog and
Generalized Leontief) do not happen to be very useful in the

present context. The likely reason for this is that such models

are best fit to describe final demand systems'(consumer or house-
holds), while we have here mixed HouSeholdeBﬁsiness data. Second,
the Box-Cox analysis suggests the double-log model after all
remains here a good approximation. ‘Thi;d, a careful analysis-

of the error structure (considering autoregressive processes up

to order 3 on the erfors) suggests the errors follow an auto-

regressive process of order 1 (and not higher). Fourth, the

"habit formation" model does not produce good results. Fifth,

- Ak w e W o0 oy

it still appears very difficult to estimate cross-price elasticities

because of the multicollinearity between the price variables,

AN

Sixth, a quite satisfactory set of demand equations (Table 3.11)
is obtained by suppressing the cross-price effects and taking into
account (via dummy variables) certain discontinuities in the
behaviour of prices (which may reflect differing reguiatory

behaviours). Seventh, there is no basis, from these results,

for stating there is strong substitutability between Telephone
Message Toll and Other Toll services (if anything, they rather
suggest the existence of some form of complementarity between

these two types of services).
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together. From this validation exercise we f£ind that both
models predict the actual values of the demand levels and
factor demand quite accurately.

- In Chapter V, we present a financial model of Bell Canada
which is also integrated with a model that reproduces thé income
statement of the company. The model is estimated and then
‘validated within the sample period. Aiso we simulate the
financiai and income model taking as inpﬁts the 'simulated
values comin§ from the demand and cost functions.

In Chapter VI, we perform forecasts for the period 1977~
1983 under the following two assumptions about price regimes.
Firstly, we assume constant 1979 nominal prices; éecondly,
we assume constant 1959 real prices. Forecasts of the income

and financial models are run -under both price regimes.
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where the restrictions I o, =1, I Z Yis = O ;
: i=1 i=1 §=1 1J .

are imposed in order to identify the parameters. Let us now

assume all the consumers have the same utility functions and

differ only via their incomes; then, the demands (per capita)

may be conveniently reexpréésed in budget share form:

P.y * o, + I%T In P I\YI AlnE™ '

(2.4) m, = —1 = Ni J=L Yt%lj . § T YigMRE i1, ..., v W
- - 1 *

E :

k21% Y k&1 m1Vkm 1P Pp '

* . . T
where Yi is consumption (per qaplta) of good i, E° is income

per capita, A = { S EIn E ¢ (E)} / E* 1n E* and ¢(E) is the

distribution of income (in probability density form). Note,

furthermore, that these demands are homothetic if
Y. =0, 1i=1,..., N.

The Generalized Leontief reciprocal indirect utility func-

tion is definedby:

. N N N
- . 1/2._ 1/2
(2.5) h(K) iél jél bij Vi vj + iél bOi In Vi + bOO
where bij = bji’ igl b,y = 0. The resulting system of demand
functions has the form:
N
e i b,. P, /22 4y aE*
(2.6) m, = j=1 13 i J oi :
N N :
1/2 _1/2 %
k21 nf1Pxafx  Pm

= 2
where o = [ E d)(E)dE/(E*)2 ~and the restriction
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CHAPTER II

THE DEMAND MODEL

2.1 Introduction

In order to model the demand for the different telephone
services (ﬁocal, Telephone Message Toll and Other Toll), we
basically cbnsidered_fhree different approaches. The first one
consisted in using so-called "flexible functional forms"‘baséd
on explicit assumptions concerning the utility functions of
consumers. The second appfoach was a choice of functional form
based on the Box-Cox transformation, the general form analyéed
including as special cases the linear demand modél and the
double-log model. The third approach consisted in updating and
trying to improve (in particular, via a more careful conéideratiéﬁ
of the error structure)‘the double-log model used in our previous
sﬁudy (IAER, 1978), in both its simple form and the "habit forma- |

tion" version (with demands and income in per capita form).

As pointed out in the previous IAER(1978) study the main

' way to improve the results obtained at this stage would have been

the access to disaggregate business-residential information on
telephone services. There are good theoretical reasons for
thinking these may have different behaviours and the difference
is of great interest with respect to regulation issues. Unfor-
tunately, such data did not become available for the present
study. Nevertheless, and despite this problem, it is important
to note the data we were using here had been appreciably revised

(for the last 6 or 7 years) and an updating of the previous

results was in order. Of course, as pointed out in IAER (1978).



as pointed out above, a separability assumption is needed;
otherwise all we can hope is that the resulting functional

forms will prove to be useful local approximations.

B) Double-Log Models and Box-Cox Transformation

In the double log formulation, the demand equations

have the form:

P .
34 1n 3t+oc4i 1n t

(2.7)  1nsS0,,= o_,+d; . 1In"lt+o,, In‘2¢+o
3 hA — 21 = —
- PD PD PD ‘ pPopP

+ oi

t t - t t

where SOit

period t, P.v is the price of service i in period t; PD, is a price

deflator for period t, ¥D, is real income, POP

t t

Quebec and Ontario and uit

disturbances, we will assume they are either independant (normal) or

autocorrelated according to an autoregressive scheme. In the last

is the quantity'demanded (per capita) of service i in

is the population of

is a random disturbance. Regarding the

e

'A

case, the most standard model consists in ‘assuming-the wu_"s follow '

®

an AR(1l) process (autoregressive process of order 1): u, = put_l4-e ’

where €t &nd-NCO,OZJ. We also consider the possibility that
they follow autoregressive processes of higher order such

as AR(2), AR(3), etc. A priori, we expect:aifo'andtx 0

g
41

(for equation i).
The double-log model has the great advantage of,being
relatively éasy to interpret and estimate. ‘NeVertheless, it
implies constant income and price elasticities which may seem
too rigid. An elegant way of assessing whether the double-log
model is appropriate is to consider the Box-Cox (1964) trans-

formation:

v e
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2.2 The Models

A) TPlexible PFunctional Forms

An attraciive way of modelling a demand system is to
specify flexible functional forms for the indirect utility
function of consumers and derive the corresponding demand\
functions. The functional forms are called "flexible" in the
sense that the various (own and cross) price elasticities as
well as the income elasticities can vary and are not constrained
a priori at a base point. Such an approach is adopted, in
particular, by Christensen, Jorgenson and Lau (1975), Christen-.
sén and Manser (1977) and Berndt, Darrough and Diewert (1977).

More specifically, we consider here two different functional

form for the (reciprocal) indirect utility functions: Translog

and Generalized Leontief. Then, given h(v) the reciprocal
indirect utility function of a consumer, where v = P , P is
: E

the vector of prices and E is income, the system of demand functions

of this consumer is easily obtained via Roy's identity (1942, 1947):

<l

’h (v)

(2.1) y (v) =
! v'Vh(v)

The translog reciprocal indirect utility function is defined

by:
(2.2) In h(v) > >3
. n Vi =a_ +2Za;,lnv, +1 2 I vy..lnv, ln v
—_— °© i=1 Y 1 7i=1 =1
where Yij = in , for all i, j, and N is the number of goods.

Using Roy's identity, we obtain the following system of

demand functions:
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inconsistent estimates if the disturbances of this equation are
auto-correlated. We therefore, in our estimation, begin by
assuming a first-order auto-regressive process for fhe disturbances,'
and use the maximum likelihood estimation procedure to estimate
simuitaneously the coefficient of the auto-regressive process and

the coefficients of the equation by means of a non-linear algorithm.

o_covaren .‘._... ..”. v. - -
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.§ .§ bij = 1 is imposed in order to identify the parameters.
i=1 j=1
Homotheticity will hold if bOi =0, i=1,..., N.

In order to estimate the systems (2.4) and (2.6), we
interpret each budget share equation as the expectation of m,
given E*, Pl’ P2,..., PN' Let the vector of error terms at A
time t be e(t) = (el(t), ez(t),..., eN(t))'. Then, assuming
the error vectors are indepéndent (across time) with co-
variance matrix Q, the parameters may be estimated by a non-
linear procedure (maximum likelihood). Furthermore, different
hypotheses (like homotheticity) may be tested using likelihood
ratio tests.

Now, in order to be able to apply this apﬁrbach to our

problem, we consider the three different telephone services

under study‘constitute three goods while.all other consumer

goods can be aggregated into one single good. (This, of

course, involves an assumption of separability.) We are thus
implicitly considering a system of four goods (N=4) and four

demand equations. Nevertheless, since the shares must sum

to l,'it is sufficient to estimate only three 6f the four demand

relationships. We thus do not need a measure of the output of
the fourth (aggregate) good but only a price index for it.

From the above developments, it is easy to see that such

an approach requires data at the level of final demand (consumer

or households), in opposition to intermediate demand (e.g. bus-

/16

iness demand) . Thus, in the case of demand for telephone services,

disaggregated business-residential information is in principle

necessary for the approach to be applicabkle. Furthermore,
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of services and the normalized Divisia quantity index of this
service. For Other Toll services, the data were taken directly

from Bell Exhibit.

C) The Real Income Variable'(YDtL

The demand equations that we estimate are aggregated for
Business and Household. This is caused by the non-existence,
up to now, of disaggregated data in the public domain. Thus,
the income variable that we require is a variable related to the
overall level of economic activity in the Quebec-Ontario region.
Indeed, for the income variable we used the sum of Gross Pro-
'vihcial Products of Quebec?and Ontario at 1267 prices (deflating
both Provincial Produéts with the consumer price index for Canéda).
The price deflator used in our cgmputations is the consumer

price index for Canada (1967=1).

D) - Other Variables

For the flexihle functional forms (Translog and Generalized
Leontief), we use as price index of the aggregate godd (the fourth
good) a Divisia'price index of the consumer price indices of
Montreal and Toronto, with arithmetic weights based on the Gross
Provincial.Produqts of Quebec and Ontario. For the A and a vari-

ables we employ the estimates obtained by Berndt, Darrough and

* .
Diewert (1977) for Canada as a whole. Note also that the wvariahle

*

For the period 1972-75, we had to extrapolate (setting the
values for this period egual to the value of 1971). Since
these two series were exhibiting very little variability, this
approximation is not likely to have been of much importance.

]
"
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(2.8)  803¢ = Yoi*VasPie *Yai Par T Y3y Pap *Yar B FUie
OPt
where ) (x.) |
(x;) (x;) i ]
i i i i
Soit = (Soit - 1)/>‘i' Pit = (Pit - l)/)\ir
v (A)  _ . YDy -()\i) Lo
Dy = [ sap) - 11/2y
t

- When Ai= 0, (8) reduces to the double-log model while A =1

gives a linear demand model, and a wide variety of alternative
functional forms may be considéred by changing the value of Ki.
Clearly we can then assess whether the double-log model is
consistent with the data by"testing A= 0.

The "habit formation" model is a modification of the double-
log model based on the assumption that the demand for a type of
telephone service is a function of income, prices and a étaté
variable Sitproportional to last period's demand, and representing
the stock of accumulated telephone habits. It is given by the

following pair of equations:

P P P ' .
- +
1n 804, = Boi Blilnpét +82i1npgt +53ilnpgt +B4iln YD,
t t t ?U?E
with: -
1n Sit = @i ;n Soi,t—l

Replacing the second equation in the first, we obtain: -

- P P P
(2.9) in Soit = Boi +Blilnpét+ Bzi,lnpgt f@3ilnpgt +B4iln.YDt
t t t _ POPt
(=12
+ ssieilnsoj't~1 f U, i=1, ,%

A priorndi, we expect Bii <0, 641> 0, and BSiOi > 0 (for equation i),
Due to the presence of a lagged endoaenous variable on the right

hand side of this equation, ordinary least squares would yield




2.4 The Empirical Results

.The resuits of our estimations relating to the flexible
functional forms, based on Translog (TLOG) and Geneialized
Leontief (GL) reciprocal indirect utility functions, are
reported in Tables 2.1 to 2.4. More precisely, the results
for the estimation of nonhomothetic, nonsymmetric versions of
“the TLOG and GL forms are in Table 2.1; then, in Table 2.2,
symmetry is imposed (a requirement which coming from the generai
theory of demand), and, in Table 2.3, both symmetry and homo-
theticity are imposed. Thé likelihood ratio test statistics
for comparing these threevversions for the twd'functional forms
considered are given in Table 2.4. Quite noticeable is the
fact that symmetry is rejected, a conclusion which is at odds
with the sténdard theory of demand. We can note also that the
free (nonhomothetic, nonsymmetric) wversions of both functional
forms produce (despite 18 coefficients in each case) pretty
bad fits (Rz) for the demand of local telephone services
and implied demand elasticities are in several cases very un-
reasonable (i.e. the demand for local £elephone services appears
to be very eléstic). Such deceiving results are not, in fact,
too surprising given that such an approach has a sound
theoretical basis only when applied to final demands data (and
not aggregate business-residential data like the ones we have
herefn Another important aspect is the strong non-linearity of
the estimation problem whiqh leads to very important computé-
tional costs. In'view of these observations we decided to switch

to a simpler and hopefully more robust approach.

~
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2.3 The Data

Before proceeding to analyse the results of the estimations,
we will describe the data used.

A) Quantity Demanded

We work with three outputs: Local, Telephone Message Toll
and Other Toll services. For Local services the quantity
demanded is measured as the revenue from these types of services
at 1967 prices. 1In the case of Telephone Message Toll services,
the quantity demanded is measured as a Divisia quantity index
with arithmetic weights of the three types of toll services,
that is: Intra-Bell Telephone Message Toll Services, Trans-Canada
Telephone Message Toli Services, U.S. and Overseas Telephohe
Message Toll Services. Each of these services is measured as
the revenue from them (including uncollectables) at 1967 prices.

The Other Toll category was measured as the revenue from
this type of ser&ice at 1967 prices. The Telephone Message Toll
Divisia quantity index was normalized to the 1967 dollar revenues

*
from these services.

To obtain the per capita cuantities, the series above are
divided by the population of Quebec and Ontario (POPt).

B) The Price of Each Telephone Service

For local services, the price index is taken directly from
Bell data. For Telephone Message Toll services, the price index

is defined as the ratio of the current dollar revenues from these

That is, the scale of the computed gquantity index was defined
in such a way that the value of this index for 1967 was equal
to the dollar revenue from this service in 1967.
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PARAMETER ESTIMATES

TABLE 2.2

TWO

FUNCTIONAL #ORMS

NON~-HOMOTIHETIC AND

Sy METRIC *

-

t-values must be divided by V3

_ GEMERALIZED
TRAMSLOG LEGNTIER
PARAMETER | ESTIMATE PARAMETER| ESTIMATE
|
[
al ' .00615 gol = .00098
| (4.035) | (=3.705)
a2 ! .00254 go2 -.00030
I (4.150) | (-2.849)
a3 b ~.o00083 503 | .00006
I (-3.893) | (-2.849)
i
i y11 : .00763 gLl | .00178
' : (10.252) | (.864)
y21 | -.00432 g21 ! -.01019
| (-11.171) | {=12.460)
¥31 | (=1.446) 831 | -.00080
| [ (-1.518)
Y4l | ~.00511 841 | .02288
, (-3.019) | (7.779)
¥22 | .00184 g22 | -.00207
| (6.668) | (=2.894)
Y32 | ~.00118 g3z | -.00256
: | (-6.48D) I (-7.615)
42 | .00193 ga2 | .02099
) | (2.897) I (17.459)
¥33 | ~.00067 333 | ~.00253
| (~2.879) F. (-5.940)
v43 | .00081 3g3 ! .00667
| (3.547) I (14.486)
SMPL= 25 SMPL=25
EQ1L EQL :
SSR= .108050E-04 SSR= .8654E-05
R% = .2344 R = .3363
DW = .2532 DW = .2051
EQ2 EQ2
SSR= .17106E-05 SSR= .14024-05
R% = .7984 R? = .8347
DW = .4331 DW = .5953
EQ3 EQ3
SSR= .19919E-06 SSR= .19048E-06
R% = .9635 R% = .9651
DW = .6972 DW = .7394
Log of Likelihood Log of Likelihood
Function=560.872 Function=556.339

~
[
(&)
]
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E (income per capita). is simply measured by the sum of the
Gross Provincial Products (in current dollars) of Quebec and
Ontario divided by the popudation of the two provinces, while
the shares m, (i=1,2,3) are obtained by dividing revenues (in
current dollars) for each service by the sum of the Gross

Provincial Products (in current dollars).




TABLE 2.4.

LIKELIHOOD RATIO TEST RESULTS FOR TWO FUNCTIONAL FORMS

TEST STATISTIC

GENERALIZED NO. OF .01 CHI-SQUARE
TEST TRANSLOG LEONTIEF RESTRICTIONS CRITICAL VALUE
Ho: Symmetry
Hl: Free 18.34 28.962 18-12=6 16.811
Ho: Symmetry and
Homotheticity
Hl: Symmetry 27.914 16.760 12-9=3 - 11.344
"Ho: Symmetry and
Homotheticity
Hl: Free 45.710 43.610 18-9=9 21.666

o A ok . ——atn ol

I D) - - e

Le/




TABLE 2.1

PARAMETER ESTIMATES CPP TWO FUNCTIONAL FOMiS

FPREE: NON-HOMOTHETIC NCOW-SYMMETRIC

TRANSLQOG

GENERALIZED
LEONTIEF

PARAMETER | ESTIMATE PARAMETER! ESTIMATE
[
al | 01119 go1 | .00056
A o (8.842) | (-3.134)
o2 | .00392 go2 1 .00001
| (7.517) i (.122)
a3 -.00061 " go3 ! .00016
|
| -2.295 I (3.997)
Y11 | .05292 g11 ! .105726
| (6.034) b (6.104)
Y12 ! .02059 p12 ! -.06097
| (=3.222) b (-6.082)
Y13 | .01632 g13 ! -.0132¢
| (-2.099) b (-.949)
y14 | -.01443 s14 ! -.01962
| (=5.961) bo(~4.281)
y21 1 .01739 s21 | .00056
[ (3.93) I (-3.134)
Y31 | .00482 831 : .01309
| (5.818) [ (8.223)
Y41 ! 2.5336 841 7.1633
! (2.618) | (3.460)
Y22 ! ~.00653 322 .02858
I (-1.946) | (=5.728)
Y32 ! -.00297 832 -.00876
I (-4.244) | (~8.023)
v42 boooa1.4777 842 ~5.3909
I
I (-2.198) | (=5.039)
¥23 ' ~.00736 823 | -.00591
I (-1.937) | (-.867)
Y33 ' -.00231 833 | .00394
boo(-3.222) ¢ (=3.272)
143 ' .02275 843 - | 1.5223
: (.029) | (.943)
Y24 | -.00416 824 | .00381
| (-2.7861 | (=1.357)
Y34 | -.00082 834 1 .00013
(~1.906) (-.172)
SMPL=25 SMPL=25
EQL EQ1
SSR= .676047E-05 SSR= .558023E-05
R% = .5210 ®? = .6046
DW = .5344 DW = .5881
EQ2 EQ2
SSR= .100832E-05 SSR= .86757E~06
R? = .8812 R? = .8977
DW = .6069 DW = .6068
EQ3 EQ3
SSR= .16307E-06 SSR= .178023E-06
"R? = 9701 R% = 9673
DW =1.1772 DW =1.1490

Log of Likelihood
Function=570,042

Log of Likelihood
Function=570.814

t-values must be divided by V3
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" TABLE 2.5

BOX-COX MODEL

MAXTHUM LIKELIHOOD EQUATION BY EQUATION*

v v e ) (A) 5
Constant Pie S T N U e b A D.W. R
Local ~1.213 .0274 .00140 -.0788 . :203 .8 .50 .9892
(-87.278) (1.058) (.070) (-2,983) . (3.216)
Telephone -2.695 .0198 -.106 | -,335 .224 .} .3 .64 .9944
Message Toll (-33.355) (.147) (-.960) (-2.395) (4.275) |
Other Toll -1.673 .801 -.0107 -.0660 .344 ! .6 1.00 .9941
(-114.942) { * (.321) (-.531) (-2.505) (4.501)

(A)_

M= My, i-1,2,3, ana viM= ()

%D, = P . =

Pit = Pie/PPer Pig | 1) /A,
D.W. is the Durlin-Watson statistic, R® is the multiple determination coefficient and the
terms in parentheses are the t-statistics for testing the null hypothesis that the time value
of the respective coefficient is zero. In this table the t-statistics are computed condi-

tionally on the obtained value of A

-
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~
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TABLE 2.3

PARAMETER ESTIMATES OF TWO FUNCTIONAL FORMS

*
HOMOTHETIC AND SYMMETRIC

Log of Likelihoad
. Function=546,915

*
t-values must be divided

GENERALIZED
TRANSLOG LEONTIER
PARAMETER | ESTIMATE PARAMETER! ESTIMATE
: |
al : ..00886 !
' | (102.328) ]
@2 | .00467 !
( (135.369) !
a3 | .00101 !
| (62.437) ]
Y1l | .00485 Bll | .00648
| (5.567) | (3.871)
Y12 | -.00339 g12 ! -.00970
| (-10.571) | (-12.065)
|A Y13 | .00075 813 | -.00049
i | (1.764) | (-.742
| Y22 | .00164 814 l .01268
i | (6.548) I (10.994)
[ -.00062
Y23 I =-.00178 g22 .
| (=8,061) : (-1.159)
Y33 | -.00139 823 -.00269
| (=4.193) ! (-6.640)
! 24 ' .01778
I i (38.515)
| 833 [ .00298
| ! (=5.743)
! B34 ' .00721
. (33.795)
SMPL=25 SMPL=25
EQ1 EQL
SSR= .12257E-04 SSR= .10460E-04
R% = .1315 R% = .2588
DW = ,1762 DW = .2036
EQ2 EQ2 ap_
SSR= .18545E-05 SgR- +15806-05
2 R® = ,8137
R® = .7814 .
DW = . 3692 DW = ,4974
R® = .9932 R? = .9660
DW = ,5292 DW = ,8057

Log @f Likelihood
Function=547_ as59

by V3
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"Local

Telephone

Message Toll.

Other Toll

*
L= LOG OF LIKELIHOOD FUNCTION

ORDINARY LEAST SQUARES:

TABLE 2.7

. DOUBLE-LOG MODEL

LEQUATION BY EQUATION

p . P p v .
Constant an_Lt en_2t on_3t on *Dy D.W. R L
PDt' PDt PDt PODt
-5.045 2,160 - -.506 -1.678 1.288 .68 .9789 |[33.425
(-11.967) (2.961) . (-.882) - (-2.356) (3.858)
-6.008 1.220 -.756 -1.212 1.531 .76 - .9926 [38.238
(=17.279) (2.027) -} (-1.597) (-2.063) (5.562)
-13.102 - 9.331 . -3.479 -2.430 6.002 .8222 .9550 |-3.496
(=7.097) (2.920) (-1.384) (-.779) (4.107) :
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A natural choice here consists in using doubié;log demand
functions. Now, since constant elasticities may seem too rigid,
we tested this functional form using the classical approach of
Box and Cox (1964). The results of the estimation of model (I.8)
by non-linear least squares (maximum likelihood, non corrected
for autocorrelation), using for A a grid between ~2.0 and 2.0,
are given in Table 2.5. Since there are clear signs of serial
dependence in the residuals kand this could affect appreciably

all significance tests) we corrected for autocorrelation (assuming

‘the errors follow an autoregressive process of order 1). The

results are presented in Table 2.6. We see that, for the Telephone

Message Toll and Other Toll equations, the hypothesis that ) = 0

cannot be rejected (at level .05). 1In the Local. equation, .. A

appears significant; nevertheless, one can check €asily that the .

relationship there obtained (with A = 5.8); iméiiés absurély big

price and income elasticities. Consequentiy,‘we"retain the double-
1og-mode1 (A = 0) as a reasonable approximation in this context.

In Table 2.7 we present the results for the estimation of
the double-log model (equation (2.7)) without correction for

S

autocorrelation. All the results from this table indicate strong

evidence of autocorrelated disturbances. We thus proceed

and correct for autocorrelation by first assuming the errors
follow an AR(1) process. In Table 2.8, we find the results of
the estimation'equation by equation. One can note that the own
price elasticity of the demand for Other Toll services is positive
while the demandvfor'Telephone Message Toll appears -inelastic,

two pretty unacceptable results. In Table 2.9, Zellner's




TCOTTTTTABLE 2.9

DOUBLE-LOG MODEL: ' AR "(1)’ ERRORS
Ug=euy_j¥ey
ZELLNER'S PROCEDURE
' . . P ¥D : ,
Constant ,Q;nPlt ,Q,np2t 2n_3t 'Q"n}__._q_g P D.W. r? |
' o hal). |
PD - PD, | PP c |
S o ~.891 ~.0706" - 00950 - -.230 .166 |  .985 1.10 }.9995
Local . (-.548) . (-.519) (.106) (-1.773){ 2.690 - {(127.359)
Telephone | -5.121. 559 | -.504 | -1.666 810 | .614. f2.05 [.9983
Message Toll | (-26.536) (1.482) | (-2.032) (-5.038) § (5.311) | (7.773)
~7.770 -1.049 . 487 | -1.181 1.735 .831 1.70 }.9979
Other Toll (=16.529) (-1.199) (.872) (-1.468) | (5.096) | (30.472)

LOG OF LIKELIHOOD FUNCTION= 185.180

puvitunr ity o otk
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" TABLE 2.6

BOX~COX MODEL: ' 'CORRECTED FOR AUTO CORRELATION

: *
MAXTMUM LIKELIHOOD: EQUATION BY EQUATION

) , , - "

4 vA) () () (n) - B 5 | IR *

; Constant | Plt_ 1 P2t ! P3t : ,YDt__1 A :p D.W. R A=0

Local -23.906 - -.585 .943 -7.571 [12.412 {-.8 { . .907 1.58 } .9995 | 7.5
(-10.420). } (-.201) } (.511) [(-3.137) | (4.605) * 1(10.535)

Telephone ~16.264 .995 |-2.107 | -4.284 | 6.609 |-.4 .890 2.41 | .9983 1.0
Message Toll | (_30.889) (.429) J(-1.401) |(-2.216) | (4.662) (9.540)

Other %oll -10.730 -3.227. | 1.270 | .526 3.329 (-.1 | .883 2.21 | .9985 .4
(-12.189) | (-2.074) | (1.240) | (.404) }|(4.799) | - (9.216)

;-

* : .
t- Statistics (in parentheses) conditional on A

R :
Likelihood ratio for testing A=0. Critical value (.05) = 3.84

Y




that the second autocorrelation coefficient comes out significant

w
Ut
- .

only in the Local equation (in both Tables 2.10 and 2.11

In Tables2.12 and 2.13 we present the results for the
estimation of the double-log model when the disturbances are
assumed to follow an AR(3) process. Again, estimating either
equation by eqguation or with Zellner's procedure, we obtain im-

plausible own price elasticities; the elasticity of the demand

for Message Toll with respect to the price of Other Toli remains
negative (and significant).

Thus, from the results in Tables 2.10 ta 2.13, we conclude
there is no strong basis for including more than one autocorrela-
tion coefficient in the error structure. On the other side,
Table 2.9 suggests it iS‘important to include one.

The results for the habit formation version of the double-
log model (with AR(l) errors) are given in Tables 2.14 (equation
by equation) and 2,15 (Zellner's procedure). Both methods of
estimation give prett& implausible results. The own price
elasticities for Local and Other Toll services are positive
(althbugﬁ not significant); the demand for Telephone Message Toll
appears inelastic and its cross-price elasticity with respect to
the price of Other Toll still is negative; furthermore, the cb—
efficient of the lagged dependent variable in the Other Toll
equation is negative (although not significant).

Therefore, noiie of the above systems of. demand equations

appear satisfactory, the most plausible one being probably in .

>

Table 2.9, Further, in this last Table, all the cross-price

elasticities (except the elasticity of Telephone MeSsage Toll with

preastnmry

respect to the price of Other Toll) appear non—signifiéant.

P e - - N e wae R ~ g Prearral o B 2 B



Local

Telephone
Message Toll

Other Toll

LOG OF (JOINT) LIKELIHOOD

" TABLE 2.8"

DOUBLE-LOG MODEL: = AR(1) ERRORS

ut=put_l+€t

MAXIMUM LIKELIHOOD: EQUATION BY EQUATION

' Constant enf1t ZnPZt RnPBt QnYDt o D.W. R2 L
PD. | PPy o} PDe o POP L
-1.137 -.0833 - .0109 ~.233"° .168 .984 1.11 .9995 80.689
(-.700) (—.609)‘: (.121) _‘(—1.674): (2.611) (ll0.286)
-5.103 .339 .} =-.459 '} -1.500 . .780 . 686 2.17 .9984 58.228
(-26.715) (.862),:(—1.843) ‘:(—4.356) (5.331) (8.076)
-6.735 —1.750'%: .660 .287 1.446 .910 2.32 .9985 41.502
(-8.874) (-2.384) | (1.392) (.357) | (4.438) |(36.931)
FUNCTION= 180.419

ze/




Local

Telephone

Message Toll

Other Toll .

TABLE 2.11

DOUBLE-LOG MODEL: AR(2) ERRORS

Up = PpBeoy FPpUy By
ZELLNER'S PROCEDURE
Constant en’it n 2t gnt3c | an¥P% Py Py D.W. r?
PDt PDt PDt popt '
-.118 .000484 -.0651 -.197 .138 1.442 -.449 2.06 . 9995
{~.335) (.005) (~.994) (-1.584) (2.701) (9.574) (-3.016)
.0746 -.229 -.452 ~.134 .522 .665 .324 2.14 .9981
(.006) {(~.684) (-2.022) (~.400) (3.297) {3.664) - (1.782)
~7.184 -2.142 .701 .840 1.735 .671 .209 2.33 .9984
(~11.000) - (-3.075) (1.576) (1.120) (4.935) (3.170) (1.074)

LOG OF LIKELIHOOD FUNCTION =181.649

: ~N
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contemporaneously correlated) and the three equations estimated

procedure was used (assuming the €,_'s across equations are

jointly. We get, in this way, more efficient estimates. Now

the own price elasticities all have the expected signs; neverthe-:

less the own price elasticities for Local and Other Toll services
do not come out significant (at level .05) and the demand for
Telephone Messagé Toll services appears inelastic (which seems
difficult to believe). All the cross—price.elasticities came out
non-significant except for the elasticity of Telephone Message
Toll with respect to the price of Other Toll; this last number

is negative indicating Telephone Message Toll is a complement

to Other Toll (a somewhat surprising outcome)._ It may bé noted
also that the autocorrelation coefficients all come out highly
significant.

We also considered the possibility that the disturbances
follow higher order autoregressive processes. In Tables 2.10
(equation by equation) and 2.11 (Zellner's procedure), we present
the results of the estimation when the disturbances are assumed
to follow an AR(2) process. Again, the estimation equation by
equation produces positive own price elasticities for the Local
and Other Toll equations (although these are not significant) and
the demand for Telephone Message Toll services appears inelastic.
We observe the same sign pattern when using Zellner's procedure.
The elasticity of thé demand for Telephone Message’Toll with
respect to the price of Other Toll stiil comes out negative
(although not significant). The results in Table 2.9 clearly

appear more plausible. In this respect, we should note also




TABLE 2.13

DOUBLE - LOG MODEL: AR (3) MODEL

He = Pylply F Pplplp T P33 OB
ZELLNER'S PROCEDURE

.Constant anf 1t on 2t mF3t | 9,7 P P p W r2

) PD PD PD raD 1 2 3
t t t t

-1.062 . .0182 -.0115 -,393 .212 1.237 -.0338 ] ~-.211 1.80 ] .9995

(~.373) (.182) (~.176) (-3.117) (3.702) (7.438) |(-.121) {(-1.189)

~5.283 .142 -.441 ~1.027 .965° .595 -.251 .362 2.13 ] .9983
(~25.275) (.373) (-1.951) (~3.436) (6.240) (3.293) [(-1.393) (2.408) . .

-7.458 -2.164 .. .618 .580 ‘1.753 .561 ©.0877 172 2.11] .9982
(-14.287) (~-3.083) (1.433) (.869) (5.272) (2.866) (.389) (1.063)

106 OF LIKELIHOOD FUNCTION = 178.763

a
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Local

Telephone

Message Toll

Other Toll

i
TABLE 2.10 .
DOUBLE~-LOG MODEL: AR(2) ERRORS
Ug T Ppleoy T Ppu, F B,
MAXIMUM LIXELIHOOD EQUATION BY EQUATION
Constant anlt Enigg ﬂnp3t Zané sy - p D.W. r? L
PDt PDt PDt . pout 2
-.567 .00290 -.0300 (-.271}) .159 1.462 -.469 2.15 .9996 79.621 :
(-.192) (.025} (—.414) (-2.014) | (2.895) (7.830)}(~2.553) .
(=1.498) -.316 -.342 -.204 .575 .687 .299 2.17 .9981 54.764
(~-.197) (-.823}) (~-1.365} (-.536)] (3.340) (3.067)] (1.336}
~=7.060 ~2.087 .622 .934 1.698 .630 ".251 2.28 .9984 41.244
(-10.285) (~3.010) (1.402) (1.238)( (4.795). (2.816)] (1.216)

LOG OF JOINT LIKELIHOCD FUNCTION = 175.629

9t/



TABLE 2,15

DOUBLY.~-LOG HABIT FORMATION MODEL: AR(1l) ERRORS

u, = pug 4 ct
ZELLNER'S PROCEDURE
Constant wnF1e n_ 2t tnf3t 2n Pt i?.nsoi e-1 p D.W ®?
E"Dt PDt PDt T’Ol”t

Local ~-1.075 .245 -.0332 -.359 .223 .757 .376 2.31 ! .9987

(~5.043) (2.151) | (-.478) (-2.637; (4.809) (14.396) (2.738)
Telephone -3.495 .B47 -.554 -1.045 . 723 .360 L0696 2.18 | .9988
Message Toll (-6.171) (3.766) }(-3.337) (-3.217) (5.847) (3.152) .412
Other Toll -8.590 -2.281 L671 .494 1.751 -.280 .903 2.20 | .9985

(-8.387) | (~3.362) (1.634) (.694) (5.480) (-2.017) (48.744)

4 ' )

LOG OF LIKELIHOOD FUNCTION = 194,293

v/
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TABLE 2.12

AR(3} ERRORS

DOUBLE~LOG MODEL:

L L A L LI L

MAXIMUM LIKELIHOOD .EQUATION BY EQUATION

Constant anf1t o’ 2t on’ 3t entPe Py £y Py D.W. R? 1
BD BD BD, oD
t t o) POP,
Local 12.325 .0266 -.0359 | -.343 222 1.308 .0274 ] -.336|1.96 {.9995] 76.589
(.069) (.246) (-.521) [(=2.522) |[(3.953) [(6.573){ (.078) |(-1.552)
Telephone -5.246 .483 ~.542 | -1.424 .914 .500 | -.167 L1601 2.04 | .9984] 55.166
Message Toll |(-23.109). (1.148) (~2.156) |(~4.079) |(5.060) }(2.055) j(~.763) (.899)
Other Toll -6.814 -2,422 .499 1.391 1.570 .399 .0546 .375| 2.27 | .9985; 41.457
(~11.667) | (~3.755) (1.288) § (2.281) |(5.338) [(1.976)] {.240) | (2.038)

LOG OF JOINT LIKELIHOOD FUNCTION= 173,212

8e/




TABLE -2,16.

DIAGONAL DOUBLE-LOG MODEL WITH DUMMIES

MAXIMUM LIKELIHOOD: EQUATION BY EQUATION

an 1t an’2t an’3t P | o . . 2 | 5
constant FD, PP, 55, por, | it 2t
Local 1.335 ~.196 _ .153 991 | 1.22 | .9994 |77.216
(.283) | (-2.093) (2.139) (123. 421) _
Te lephone -5.056 |, ©-1.441 .686 .0895| .117 | .703 | 2.57 | .9988 |s8.075
Message Toll | (-26.453) (~9.850) (4.450) | (3.441) | (4.883)] (6.745)
Other Toll -6.915 -.942 | 1.413 . .893 | 2.07 |.9981 |36.822
(~9.264) (-1.630) | (3.781) (27.579)

LOG OF (JOINT) LIKELIHOOD FUNCTION = 172.113

* p.. =1, for t = 1959 - 1976

1t
= 0, othexwise

*x D2t =1, for t'= 1970 - 1976

0, otherwise

—adtinye -

1.,




Local

Telephone

Message Toll

Other Toll

DOUBLE-LOG HABIT FORMATION MODEL:

. - - .- . . - - -~ - - - - . o~
— — N .l . .l s s an ol W ay O

TABLE 2.14

AR(1) ERRORS

MAXIMUM LIKELIHOOD:

ut=put_l+€t

EQUATION BY EQUATION

{
i

Constant anP1e QnP2t ZhP3t anDt n SOi -1 p D.W. Rz- L !
r

PDt PDt PDt POPt !

~1.054. .203 -.0104 ~-.319 .233 .767 .416 | 2.41 | .9997 |84.779

(-4.626) | (1.754) | (-.147) (-2.242) (4.911) | (13.508) - | (2.635) i

-3.551 .822 -.581 -1.063 .707 - .341 .189 } 2.33} .9989 |60.704
(-5.937) | (3.394) {(-3.150) (-2.981) (5.233) (2.770) (.988) i
-8.767 -2.494 .866 .676 -1.874 -.298 .907 } 2.25 | .9985 }42.038: "
(-7.680) }(-3.352) | (1.950) (.905) (5.481) | (-1.893) {(51.208) .

LOG OF (JOINT) LIKELIHOOD FUNCTION= 187.521

0%/
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close to 1). Then, using Zellner's procedure (Table 2.17), all

the income and price elasticities appear significant and have

the expected signs; furthermore, both Telephone Message Toll and

Other Toll services appear to be price-elastic. The dummy

variables in Telephone Message Toll equation are highly signi—.

ficant, showing the importance of taking into account the dis-

continuities observed. We thﬁs incline to consider the demand

system in Table 2.17 as being the most satisfactory with‘the

existing aggregate data.

Another interesting observation which comes out of this

set of experiments is that there is no basis for considering that

Telephone Message Toll services constitutes a strong substitute

for Other Toll services. In the most satisfactory set of results

(Table 2.17), the elasticity of the demand for Telephone.Message

Toll services 1s zero; in all other Tables, it comes out negative

(suggesting complementarity, if one is prepared to believe this

is possiblel).

1

The fact that residential and business demands are not separated
may again be of importance in the interpretation of such a result.

)

3
:
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!
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TABLE 2.17

DIAGONAL DOUBLE-LOG MODEL WITH DUMMIES

MAXIMUM LIKELIHOOD: ZELLNER'S PROCEDURE

Lrn 1t ﬁnfg_*_:_ ﬂnp3t I:nf_f‘\_g_ 5 o5 0 D.H. },{2
Constant PDt PDt PDt poft 1t 2t
Local 2.412 -.155 167 .99214 1.17 .9994
(-456) ] (~2.317) (2.737) (157.558)

e lephone -5.190) ~-1.401 .775 .114 .0991 .576} 2.43 | .9986 !
Message Toll (-33.544) (-12.154) i {6.106) (7.285)1(6.239) | (7.156 i
' ! . |
Other "Toll -7.865 -1.720 1.785 812! . .9976 !
(-18.193) (-4.789) | (5.505) (330698 |
g !
! e ! !

LOG OF LIKELIHOOD FUNCTION = 190.890.

vh/




We postulate that Bell canada maximizes profits subject to

a translog production frontier and fixed regulated prices for

local and telephone message toll. Given a demand equation, the

assumption of fixed prices for regulated services is equivalent

to the assumption of fixed quantity of regulated service.

The problem can be stated as:

Maximize
(1) I = Pi y, (P}) + Py, - wL -mM - VK
subject to: ‘
(2) 0 = n(F+l) = nA, + Bi4nf + B22nfl + Bs2nR + B, nfc
+ 3H;1(enf)? + 3Hao (2nf)? + 3Hzs (nR)?
+ 1H4y (2nTC) 2 % Hy2onf anM + H,;enl nk’
+ Hyyonf, anTC + Ho3anM enR + Hyunfl anTC + Hi,inKanTc
+ J118ny:,8nf + J120n,0nf + J;32nP;enk
+ J144n9,80nTC + Jo,4ny24nl + J,24ny24nM
+ J234n¥22nk + J,4,2n¥24nTC + A 40y,
+ A2n¥2 + 3G11(4n¥1)? + 1G22 (4ny,)?
+ G124ny; -840y,
(3) vy, =y; or (P} =7y)
where
yi= Quantity of regulated services, divisia quantity index
of local service, Intra-Bell message toll sérvice,
Trans Canada message toll service and U.S. and Overseas
message toll service.
P,= Price of regulated services, revenues from regulated
services, divided by Vs index 1967 = 1.00
Y= Othervtoll services in 1967 prices.,
P, = Price of other #oll services, Index 1967 = 1.00 .
1. =

Labor in weighted man hours; with 1967 weights

~N

NN

. ~J
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CHAPTER III

THE TECHNOLOGICAL STRUCTURE OF BELL CANADA

3.1 Introduction

In our work we take the objective of the firm to be profit
maximization subject to a regulatory constfaint in the form of
fixed prices for local services and for message toll services.
As far as the objectives of the regulatory agency are concernéd,
we assume that in the short run they are to fix the prices of
local and message toll services.

In this chapter two alternative characterization of tech-
nologies are developed. In the first one, the technology of
Bell Canada is described through a multiple output production
function. In the second, it is described by multiple output

cost function.

3.2 The Profit Maximization Model with a Production Frontier

We assume that Bell sells. three outputs: local services,
message toll serviées and other toll services. It uses in its
" production three factors of production: labor, raw materials
and capital. In the production side Wé consider two outputs:
regulated output ‘(yl), which is a divisia quantity index of
local services and message toll services; and other toll
services (yz), These two outputs are produced by a general

translog production frontier.1

1 L.R. Christensen, D.W. Jorgenson and L.J. Lau "Transcendental

Logarithmic Production Frontiers," The Review of Economics
and Statistics, 55 (February 1973), pp. 28-45.




The production possibility frontier, equation 2, is a general /'
translog function which does not restrict a priori the type of

technical change.

To solve the problem of maximizing (1) subject to‘(2) and
(3), we set up the following Lagrangian:

v =P + Py, — WL -mM -vK —ul[F(yl,yz,L,M,K,TC)]

1Yy

First order conditioné for the maximum of profits are

given by (2) and (3) above and the following equations:

8¥ = -w -y, 3F =0 (4)
3L oL

o¥ = =-m -up OF =0 (5)
oM oM

o¥ = -v -y BF =0 (6)
9K oK '

3Y = =

Y, o 8y2

Where n, is the reciprocal of the pricé elasticity of
the demand for other toll éervices

The system of equations (2) to (7) is a system of 6 equatlons
in six unknowns : yl,yé,L,M,K,ul.

To complefe the specification of this model we need to
specify the demand equations and the production frontier. The
estimation of the demand equétioné was discussed in Chapter II
above. Here we will discuss the estimation of the production
possibility frontier.l | |

Dividing (5) by (4) we obtain:

1 For further analysis on this production possibility frontier

see B. Smith and V. Corbo "Economies of Scale and Economies of
Scope in-Bell Canada'. IAER, 1979.

1

|
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P,Ll+n2] -uy 3F =0 (7) ' .
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"Raw Materials", defined as the cost of materials, /48
services, rent and supplies, uncollectables and indirect
taxes not allocated to labor and capital, all of them in
millions of 1967 dollars.

Net capital stock, in millions of 1967 dollars

Techﬁology indicato:. Throughout this report a con-
siaerable amount of effort was directed towards construct-
ing a conceptually sound index of technical change from the
available data. Although it is felt that a more repre-
sentative index could not be constructed from the available
data, it is quite likely true that more information on the
technical aspects of the production process would lead to

a better index. -

In the index constructed an attempt was made to take
account of improvements in the type of capital improved,
the spread of these improvements throughout the Bell
Canada System and the importance of the.improvements for

local and toll services. The formula for the index is:’

Q
TC = FNEW[T PDPH + (l-T) ACCESS]; T = L ?

Qp+Qp

where FNEW is the factor of capital improvement defined

as 1 plus the percent of main stations switched by cross-

bar, ESS and SPl;

ACCESS 1is the percentage of télephones with access

€

to direct dialing;

PDPH 1is the percent of dial phones;

Q QT are respectively local and toll output -

L’
aggregates.

Waée rate

Unit cost of raw materials

Unit cost of capital services

, where R'is the mean of X (X = L,M,K,Tc,yl and y2)

M




For estimation purposes, we add a random error to each of the
equations. We further assume that the random errors are contempora-
neously co}related and thus the four equations are estimated as a

multivariate equation system using Zellner's seemingly unrelated

estimation method.

The results of the estimation appear in Tables 3.1 and 3.2.

From the results obtained, we see that most of the coefficients

are statistically significant. Also, the estimated translog

function is monotonic and quasi-concave on factor inputs for every

data point. Also the output frontier has a negative slope.l

The modelvpresented up to now does not include a regulatory

constraint. We computed for the sampling pefiod an allowed:
rate of return on capitél which was compared with the actual
rate of return on capital. From the comparison of these two

series we observe that up to 1967 the actual return on capital

was substantially above the allowed rate of return. Thus, we con-

clude that the regulation of earnings for share was not enforced

up to that year. From 1967 on, when an explicit rate of return
regulation was introduced, the allowed rate and the actual rate
were much closer. Thus, for the period 1967-1976 we’introduced
a separate regulatory constraint in our model.

When a regulatory consfraint is added to our optimization
problem the only change introduced is in equation (9). The
change is that the numerator in the right-hand side of the

equation has to be multiplied by (1 -~ DR * ) and a new term

has to be added which is equal to K * (25 : i * 8) where the

new symbols are:

1 For details see Smith and Corbo, op. cit., Appendix B,

/51
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we obtain:

m‘
L

mM = Msd = B, + Hy, 400 + Hp, Anff + Hp3nR + Hpy 4nTC + J1, eny, + Jo2 ANy, (8)
WL , OF B, + Hi: 4nh + Hiz #nM + H;j3nkK + Hyw AnTC + J11 2ny1 + J21 Any?
oL

similarly; dividing (6) by (4) we obtain:

oF
3K =V
FE W
oL
therefore:
vK = [By + Hys %0l + Hps nfl + Hys AnR + Hsy 2nTC + Jus eny1 + Jzs AnYs] (9)
wL B; + Hia Rnf. + Hji» RDM + His ,Q,D.K + Hiy ,Q,DTAC + Ji11 21’1?1 + J21 2n§2
dividing (7) by (4) we obtain:
3F
dy2 = Po[1l4na]
F -
oL >
which can be written as:
=Pay2 _ A, + J219,nf, + Jo22 enM + Jo3 ek + Joy LnTC + Gio 2n§1 + Ga2 21’1?2
Wl [Bl + H11,Q,nf4 4+ Hi2 Q,nIVI + H; 3 lnﬁ 4+ Hiy ,Q,nTAC + Ji11 2n§1 + J21 2n§'2:| (1+T]2) (10)

We estimate our general translog production frontier by estimating-simultaneously equations

;

(2), (8), (9) and (10), using for n: its value estimated in the previous chapter i.e. n2=.5815

For the estimation, we use the following normalization: %A, =-1., This normalization is
. l .

needed to estimate an implicit production frontier.-

0s/




TABLE 3.1

GENERAI TRANSLOG PRODUCTION FRONTIER

. - ESTIMATED
PARAMETER COEFFICIENT - T-STATISTIC
A, 1.1336% 153.64
By .3290%* 10.61
"B, .1824%* 10.27
B, .4738% 10.07
B, .9974% 9.22
Hyq —.16§l* —2,6Q
H,, .0890% 3.89
Hy, ~-.1944%* . =2.93
Hyy -8.3065% -3.93
Hy, -.0735% -2.68
Hy 4 -.3011* -4.47
Hy .0200 .13
H,4 -.1499% -4.54
Hoy .1338 1.74
Hy, .2731 1.72
I .2078%* 2.88
SEP -.0157 -.41
Tq3 .2369% 2.39
T14 4.3912%* 4.70
Jo1 .0267% 4.82
S P .0188%* 5.86
Ty .0377% 5.56
S -.0099 -1.03
A ~.9654% -266.62
A, -.0346% -19.11
Gy ~-2.2618% -5.37
G,y -.0258% -7.89
G -.0116 -1.60

=
N

An asterisk next to a coefficient indicates that the coefficient

is significant at a 5% level or less.

r— e
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-with the other parameters of the production frontier. B i
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- DR is a dummy variable that takes a value of zero

up to 1966 and one from 1967 to 1976.

- X is the Lagrangean multiplier of the regulatory
constraint.
\
- 8 is the allowed price of capital services.

The Lagrangean‘multiplier (A) is avvariable-which should be
less than one. As a way of estimating its average value over the
sample we‘introduced it as a parameter to be estimated jointly
When we performed the estimation the point estimate for A was
-.013 and its t-value -.315, and‘thus we cannot obtain a reliable
average value of_ A from our sample. As it was discussed in
our introductory chapter, in the short run regulation takes
the form of the fixing of a price structure. Thus, in the rest
of the model no explicit rate of return reéulation is ihtroduced.
Rather regulation is introduced through the price of the outputs.

Now we proceed With a further analysis of the estimatea

production frontier of Tables 3.1 and 3.2.




As a further property of the technology we can study if
the translog frontier exhibits constant returns to scale.
Constant returns to scale implies, besides thelnormalization

rule introduced above, the following additional parameter

restrictions.
B, +B2 +Bs = 1
G11#+Gr2+T 11+ T2t s = 0
Gr2+Ga2+J21+J22td23 =0
Jy1+JT2+Hy 1 +H12+H: 3 =0
Tio+T2a+Hy o +HoatHes = 0
Jy3+J2a+H13+Ha3+Hs3 = 0
Jiu+Jou+Hyy+Hay +Hay =0

%Gl1+G12+J11+J12+J13+%G22+J21+J22+J23+%H11

+Hyp+H) 3+3Hoo+H23+3H3s = 0

.The last'festriction is impliéd by ‘the second through
sixth restriction.

We also can test for separability between outputs and in-
puts. If the function is separable in outputé and inputs, then
we can work with an aggregate output index. Separability between
outputs and inputs requires Jll = Jq, = J13 = J2l = J22 = J23 = 0.

Our testing indicated that both of these hypotheses are
rejected.l

Using the estimated translog frontier, equations (2), (3),

(8), (9) and (10) conform a system Of 5 equations in five un-

knowns yl, Yor L, M and K.

; For details of these tests see Smith and Corbo, Op. cit.,
Part IV. ' ' ‘

—-
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VEquation 2 (Prod. Frontier)

TABLE 3.2

SUMMARY STATISTICS OF INDIVIDUAL EQUATIONS

Equation 8 (Materials)

R? = % o RZ = .980
D-W = 1.475 D-W = 1.328
SSe =

0.0142 - SSe = .0128

It

Equation 9 (Capital) Equation 10 (Other Toll)

RZ = .994 : RZ = .998
D-W = 1.398 D-W = 2.119
SSe = ,0307 SSe = .0048

* : .
R? is not computed for this equation because the

dependent variable and its mean are zero.
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3.3 A Profit Maximization Model with a Cost Frontier

In the model developed in the previous section thé technology -
of Bell Canada was characterized by a'multiple output productionf
frontier. In this section we introduce an alternative character-
‘ization of technology. McFadden (1970) introduced.  the joint cost
function which.is dual to the production frontier. All the
properties of the underlying technology can be studied from the
joint cost function. In the previous section, the translog pro-
duction frontier was used to describe input and output choices of
Bell Canada. In this section, a translog cost function is intro-
duced as an alternative characterization of technology. The results
of the two approaches are then compared.

" Before procéeding;'it should be noted that’ translog'cost and
productiqn functions are not self-dual and thus could yield
different properties of the technology. 1Indeed, using'aggregaté
macro data it was found by Burgess (1975) and Appelbaum (1978)
that in the one output case the translog cost frontier and the
translog production frontier did yield contradictory results with
respect to the properties of the underlying technology. The
introduction of the joint cost model allows a direct test of the
extent to which the production results afe so that in characterizing
the ‘Bell production process.

It is assumed that Bell Canada maximizes profits, given by
equation (1) above, subject to a translog cost function and a fixed
quantity of regulated services (equation (3)).

The joint cost function can be written in general form as:
C=C(w,m,v,TC,;¥1,Y2). In the translog case of the cost functionit

takes the following form:

?

|

-

[

.




e

e, .

-

R T

B e OB R

/56
In this model it can be shown that the marginal cost of
regulated services is given by u‘—%g— and the marginal cost of
1
other toll services is given by U1_%§?. After we have found the

values for yi, v2, L, M and K the value of u; can be obtained

from any of the equations (4) to (7).
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restrictions must be introduced.

The _joint cost function (11l) is obtained from the problem‘
of minimizing costs for a given output vector. Thus, some further
relations can be derived based on this property of the cost
function. Indeed, Hall (1973) suggested estimating the parameters
of the joint cost func?ion indirectly from behavioral relations
implied by economic theory.

From cost minimization subject to a production frontier
we can obtain the following behavioral relations based on

Sheppard's lemma:

_ ocC
e ‘ (13) o
_ac l
M= o= (14)
s . I
K = v (15)
Diewert (1974) suggested that more efficient parameter l

estimates could be obtained from the simultaneous estimation of

the joint cost function and the side conditions. In'a fashion

similar to the estimations of the joint production frontier, we

estimate simultaneously the function and the side conditions taking

(11), (12), (13), (14) and (15) as a multivariate system of equations!

We can rewrite equations (12) to (1l5) in terms of the

—\

parameters of the translog cost function as follows:

Pays _ 1
C l+n2

N - - - ~
[c, C2W inw + sz nm + C v inv + C2T LnTC

(12)*

+ Ci2 ln§1 + Cop £n§2]
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&nC = CO + Cw 2nw + Cm &nm + CV &nv + CT &nTC

+ zcww (nw) = + Cwm 4nw &nm + va Lnw 2nv+CwTme LnTC
1 L) 2 ' . - - X -~ ~ '
+ zcmm (nm) < + CmV 4nm &nv + CmT &nm LnTC

+ 3iC

v (anv)? + C 2nv AnTC+ ic (znfb)2 (11)

vT TT
+ C; #n¥, + C, &n¥, +3C1:(8n¥;1)? +C12 2ny;:4ny,
+ 3Cos (4nF2)2 + C _ ng, 0% + C  &ng,; Lnd
1w im :
+ C_ _ %ny, ¥ + v '+ ny W
v ny; v C1T fny,; &nTC C2w ny, 2&nw
4ny, &nTC

+ sz 2nys f&nm + sz fny, &nv +_C2T

where the new symbols introduced are:

C = Total cost in millions of current.dollars,
C= wL + mM + vK
X = where X is the mean of X and

XXX

=C, w, m, v, TC, y; and y»

The profit maximizing problem can be stated in terms of the

following Lagrangian
¢ = P1y1 + Pays - C(w,m,Vv,TC,y1,y2)~ 0Ly1-y1(P1)]

First order conditions for the maximization of profits are
given by:

aC

00 = P, [1+n,] - 5v3

Y2

=0 (12)
and equation (2): ,

From the inverse demand equations for y, we have P,= £(ya).
Thus, these two equations provide a system of two equations in

two unknowns Yi, Y2. Given the large number of parameters, in

order to estimate the cost function with more precision further
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The last of these restrictions is implied by the 2nd, 3rd and 4th. lr

For estimation purposes, a disturbance is added to the equations._-
- It is eibected that the disturbances on the mﬁltivariate equation
system to be contemporaneously correlatéd. Homogeneity of degree
~one in factor prices implies that the dependent variéble for equa-

tions (13)', (14)' and (15) "' sum identically to unity for every

data poinﬁ. This implies that disturbances for these equations add

identically to zero for every data point. The fact that each

dependent variable is éxpressed as a share implies that these restric-g

tions are fulfilled in the e€stimation. In this case, the covariance
matrix of disturbances fof the multivériate system will be singular. G’
Thus, for this system. of equations; Zeliner's seemingly inrelated
estimation procedure éénnot be used to obtain efficient estimates. ]!
It is known that this problem can be solved by deleting one _ “'
of the share equations and estimating the other two jointly

with the cost fhnction usiﬁg Zellner's procedure. If the Zeilner 1[‘4
procedure is iterated until convergence is achieved, fhen the
‘resulting parameter estimates are independent of the cost

share equation deleted before estimation (Berndt and Christensen
(1973) , Oberhofer and Kmenta (1974) and Brown et al (1976)).

Thus, homogeneity of degree one in factor prices is imposed and

equatiohs (11),12)', (13)' and (15)' are estimated using the
iterative-Zellner procedure. The parameters of equation (14)'

are then retrieved, using the other parameter estimates and the

homogeneity restrictions. The results of the estimation appear

in Table 3.3.

.~I.. i I.....,

A translog cost frontier is not a priori restricted to be

-. <ol .‘ o~
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‘WL _ A o o+ e
c = CW + CWW nw + Cwmilnm + valznv CWT Ln
+C _ &n¥; + C _ on¥ (13}
W Y1 oW y2‘ . | ) ) 7
?¥ - le + Cwm fnw + Cmm nm + CmV nv + CmT 2nTC
+ Clm fny: + sz iny2 (14)
VK — N A A + TAC
G = CV + va inw + Cmv nm + va nv CVT &n
~ A . !
+ Cy lnyl + C,y Any, - . (15)
Equations (11), (12)", (13)', (14)' and (15)' constitute a

multivariate system of equations which can be used to estimate ‘
the joint cost function. Moreover, not all parameters ip this
éystem afe free, The cost function must ke homdqeneous of degree
one in factor prices. Necessary and sufficient conditions for
homogeneity of degree one are given by the following restrictions

on the éarameters of the cost function:

ch + Cm + CV =1 ,
C_+C +C. =0

ww wIn wv

C + C_+ C =0

win mm mv

C + C__+ C =0

mv mv vv

CWT + CmT+ CVT =0 °

C + C + C =0

1W i 1V

(@]
+
0
+
0Q
1l
o

2W 2In LAY
1 1 h
3 + + + 3
chw Cuwm va 2Cym
1 =
+cmv+ chv 0



TABLE 3.3

GENERAL TRANSLOG JOINT COST FUNCTION

: o ' ESTIMATED
PARAMETER CORFFICTENT T-STATISTIC
C0 .0148%* 2.821
CW . 3205%* 104,792
Cm .1900%* 93.930
CV .4894%* 147.142
CT -.4889%* -6.360
- * —
wa .1068 3.453
C .0405 1.994
wm :
C .0663* 2.691
wv :
C -.1890%* -4,966
WT
C .0496%* 2.220
mm
C -.0917* -5.742
mv
C -.0506%* -2.473
mT ;
C’ .0239 . 849
: vv
*
CVT .2396 5.650
CTT -.4344 .293
Cy .8537%* 15.503
C, .0292? 34,805
Ci: ©.0395 .049
Cis -,0234 -4.061
Csy» .0144%* 7.419
C «1342% 5.307
W
im .0208 1.314
C .. -.1550%* -5.370
1V
C -.1589 -.146
T )
C : -.0321%* -5.652
2W
sz .0023 . 526
el .0298%* 4,714
2V
el .0269%* 3.683
T

An asterisk next to a coefficient indicates that the
coefficient is significant at a 5% level or less.
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globally monotonic in factor inputs nor to be concave in input
prices. For the cost minimization problem solution to be optimal
the estimated cost function must be concave and positive monotone
in.factor prices (Diewert (1974)). Thus, as in the production
case, these properties'are localiy verifiéd at avery data point.
The results from the estimation of the translog frontier
are presented in Tables 3.3 and 3.4 below.
The estimated translog cost frontier of Table 3.3 is indeed
monotone and concave in input prices. Also, the underlying output

frontier is negatively slopéd.l'

1 For details on all these properties and the respective tests see

B. Smith and V. Corbo "Economies of Scale and Economies of Scope
in Bell Canada'", IAER, 1979.
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Using the translog cost function it is possible to test if the

underlying production frontier exhibits constant returns to scale.

Conétant returns to scale implies the following additional

restrictions in the paraméeters of the cost function.

C; +C, =1; C + C =0; C + C =0; C + C =0;

iW W 1V 'Y 1T 2T

C + C =0 ‘and C + C =0
11 12 ' 12 22

When the translog cost model was tested for constant returns
to scale, the null hypothesis was rejected in favor of increasing

-returns to scale.l

It is also possible to"test whether the associated production
frontier is group separable in inputs and outputs. This is equi-~
valent to a test for the appropriatness of using an output aggre-
gator for the analysis of technology. Group separability between
inputs and outputs fequire:

= = = = = C =
C1W Czw Clm sz C1V 2V 0

Using the joint'cost function, the test for group separability
is also rejected. Thus, as in the previouS-séction, the conclusion
is drawn that the technology of Bell Canada is a non-separable

and exhibits non-constant returns to scale. ‘ ' ‘ A

The estimated translog joint cost function of ecuation (L1)
plus equations (12)', (13)', (14)' and (15)' form a system of
five equations in five unknowns yj,, L, M, K and C which can be
used as an alternative model of the real structure of Bell Canada.

The main advantage of using this model is that for fixed

1 For details of this test see Smith and Corbo (1979) .

2’For details see Smith and Corbo (1979).
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TABLE 3.4

SUMMARY STATISTICS OF INDIVIDUAL EQUATIONS

Equation 11

RZ = .,9997
D-W = 1.505
SSe = .0125

Equation 13'

RZ = .982
D-W = .,937
SSe = .0081

BEgquation 12°'

RZ = .985
D-W = .993
SSe = .0014
o = .123

(1.420)

Equation 15'

R2 = .979
D-W = 1,251
SSe = .0094
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output prices the system of equation is linear in the variables
and. thus the:model can.be. sinulated easily.

A further comparison between the results of these two models

can be a .complished by comparing the. estimated marginal -costs

from both models. For the translog model the marginal cost of
oC

regulated services is given by 3y: and the one for other by
gng. When these marginal costs are compared to the ones obtained

from the production frontier the results are very close again.
In subsequent chapters the joint cost model is used as a

characterization of the real structure of Bell Canada,
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4.1 vVvalidation of the Demand Model

For the validation of the demand model we perform a
dynamic simulation of the demand model of Chapter II. In this
simulation we take as given the value of the‘right hand side
variables, with the exception of the lagged values of .the
endogenous variables which are solved from the equations.

The results of these simulations appeaf in Tables 4.1

to 4.3.
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CHAPTER IV

A SIMULATION MODEL OF BELL CANADA: THE REAL STRUCTURE

In this chapter we develop a model of the real structure
of Bell Canada. For a given vector of prices, this model is
block triangular. The first block is the demand block. The
second block is the one formed by the conditions of profit
maximization for a given vector of prices, which in this
special case is the same as that for cost minimization for a
given vector of output. For this purpose we use the multiple
output cost model presented in Chapter III above, \The
advantage ofrusing the side order conditions - starting from a
cost functiOn instead of'a.production'frontier is ‘that the former

are linear in the inputs and the latter are nét.

We validate first the demand equations by themselves
and the factor requirements equations by themselves,

Then, for the validation of the model of the real structure

of Bell we use its block triangularity property and proceed in
two stages. Initially, we simulate output levels for local
services (yll), message toll services (yzz) and other toll
sgrvices (yz). Then, on the second stage} with the simulated
values of yl =y + y12 and y2 we solve eqguations (l}), (13) "',

11
(14)' and (15)' of .Chapter III.
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Table 4.2

Demand for Telephone Message Toll Services
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Table 4.1

Demand for Local Services

S
Yi1 Y11
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1953 . 137. 000 137. 457
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(1) Dynamic Simulation of Demand for Local Services

We start with demand for local services. The comparison
of actual (yil) and simulated (yil)‘ values are presented in
Table 4.1 below. From this table we observe that the equation
tracks quite well the evolution of the dependent variable.
Analyzing the summary statistics at the bottom of Table 4.3 we
see that the regression coefficient of actual on predicted vélues
is very close to one. Furthermore, over half of Theilis in-
equality coefficient is due to a residual variance.

(2) Dynamic Simulation of Demand for Message Telephone

Toll Services

In Table 4.2 below, we compare the actual '(ylz) and
simulgted’values (yiz) of message telephone toll services. The
tracking of this equation is also quite good. The regression
coefficient of actual on predicted values is .9997. Furthermore,
98.1% of Theii‘s inequality coefficient is due just to a residual
variance and therefore the fraction of error due to bias is close
to zero. |

(3) Dynamic Simulation of Demand for Other Toll Services

The actual and simulated values of Other Toll services,
y, and yz respectively appear in Table 4.3 below. Again, as
for the other demand equations, it performs quite well. The
regression coefficient of actual or predicted values is close
to one. There is a small fraction of error due to bias and a

large one due to residual variance. That is, there are no

systematic differences between the actual and predicted series.

Thus, we conclude from these results that the demand system

performs quite well during the sampling peridd.

.
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Table 4.3

Demand for Other Toll Services
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1993
19%4
l )’)L.I"
L1986
1997
1958
1959
1960
1961
1262
1963
1264
1265
1966
19267
1968
19469
1970
1971
1972
1973
1974
1975
1976

TABLE 4.4

LABOR AND CAPITATL, REQUIREMENTS

ACTUAL VALUES FOR OUTPUTS

LS TM

LA RO O A A A A A A I I S O O O I N I A I I N I N I I S A A X R I I A Y I )

46,9170
46,4085

+

' 47,7120
N S90,4460
N 54,9938
. S8.6197
. $6.7741
+ G8,2036
. G4, 4490
N S2.6701
N uu»5l04
+ G4.7731
N uh¢~80q
' 94,8694
+ 6. 8120
+ 5903066
N 963841
N S7 5320
N S8.2862
' SHLH0RL
' G4, HEL3
+ G9.7098
+ 6446732
N 6642245
+ 6 .8148

44,9000
4464+ 1.000
A8,2000
S5 .2000
%7000
57.8000
576000
GéH+B000
54,6000
5204000

e'ﬁ()()()
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GEH L8000
G7+45000
G H000
GHLE000
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40,4000
63,2000
64,1000
&7 3000

K& ITM
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HRPULH7E
7/0 {352
880.027

: l()() + 04

lWBU &H0
L6095
170869
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K

H2H,600
&0, 400
764,900
871,300
989,900
1127410
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1429450
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2ROT L L0
RAEL R0
DEOH, HO
RDPELLO0
2HEH. 00
3054,80
F190.40
B4, 90
3494, 00
FEET L HO
3808.,90
FP7H .90

my @ N =a

- Sy Ny am M o




oo

s

e s,

o

/73

4.2 validation of the Factor Requirements Model

In this section we validate the factor requirements model .
presented in Section 3.3 of Chapter III. Given a vector of out-
puts, equations (11), (13).',. (14)' and (155‘ of that chapter are
solved for L,K,M, and.C. We start validating the model making the
output levels equal to. their historical values. The result of the
simulations appear in Tables 4.4 to 4.7. We see from these
results that the factor requirements model tracks quite well,
Indeed, for the three inputs the actual and predicﬁed values
are very cloée. This is especially so for capital, a variable
which is of particular intereét to the Telecommunication authorities.

Furthermore, the tracking for all the variables is especially
good for the latter part of the sample. From the_statistical
comparison of actual and predicted values we f£ind that for the
four variables the correlation between actual and predicted values
is over 95%, In fact, the respective correlation coefficients
are 95,22% for labor, 99.98%'for capital, 99.52% for raw materials
and 99.97% for total cost. The tracking for labor is substantially
better than the one obtained in IAER (1978). It is also seen that
for the four Vériables most of the differences between actual and

predicted series can be attributed to the residual variance.

4.3 vVvalidation of the Complete Real Model

In this section we simulate the model used in the previous
section with simulated instead of actual values for -the demand
variables. Thus, we simulate the factor requirements model

conditional on the values obtained in Section 4.1 for the demand




LouH2
1953
19%4
1985
1956
l?'/
7 8
195
19460
19461
1962

1963

1964
1965
19464
19647
1968
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1970
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1972
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1974
1975
1976

TABLE 4.6

MATERIAL REQUIREMENTS AND TOTAL COST:

ACTUAL VALUES OF OUTPUTS
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COSTSEIM
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COMPARISON OF ACTUAL AND PREDICTED VALUES OF LABOR AND CAPITAL :
ACTUAL VALUES OF OUTPUT

ACTUAL AND FREDICTED VARIARLES ... L. L8TM

A - ) T
AR

+ 90(.)\.

CORRELATION COEFFICIENT
(SQUARET

il

ROQT-MEAN-SQUAREYD ERROR = 185856

il

MEAN ARSOLUTE ERROR = 1298

MEAN ERROR = = PLOGE-O
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CORRELATION COEFFICIENT = $ 2908
(8 OUnhKU i LG

ROOT-MEAN-SQUARED ERROR = 80,17
MEAN ARSOLUTE ERROR = 16,80
MEAN ERROR = 547y
REGRESSION COEFFICIENT OF ACTUAL ON PREDICTED = 9974
THETL®S INEQUALITY COEFFICIENT = | L aL7EE-0R
FRACTION OF ERROE DUE TO BIAS = CPORIE -0
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = CABLGE-01
FRACTION OF ERRDR DUE TO DIFFERENT CO-VARTATION = 9840
ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)

FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION

COEFFICTENT FROM UNITY = L 1FAQE-OL
FRACTION OF ERROR DUE TO RESIOUAL UﬁHLﬁNCE S 9816




variables. The results of the éimulations appear in Tables

4,8 to 4.li. We can see from these results that the complete
real model also'tracks very well the actual values of the real
variables. For the three inputs, over 95% of the differences
bet&een the actual and predicted series is due just to residual
variance;,

Thus, our model of the.real structure of Bell Canada
tracks extrémely well the demand for outputs and the factor
requirements. Now we move on to analyse the financial model
‘in Chapter 5 and then in Chapter 6 the whole model is used for

forecasting purposes.
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I-n premer e

COMPARISON OF ACTUAL AND PREDICTED VALUES OF MATERIALS AND TOTAL COST:
ACTUAL VALUES OF OUTPUTS

- .

ACTUAL AND FREDTCTED VARIABLES. .. M M&ETM

CORRELATION COEFFICTENT = S DRG2
' (SRAUARED = + 9804
ROOT-MEAN-SQUARET ERROR = 4;&41

MEAN ARSOLUTE ERROR = 3,283

MEAN ERROR = NS B )

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 1.001
THETLYS INEQUALLTY COEFFICTENT = | cLBEVE-01

FRACTION OF ERROR DUE TO BIAS = ‘ + SA48E-0OF

- el o S W

FRAGTION OF ERROR DUE TO DIFFERENT VARIATION = e ATEVE-OR

FRACTION OF ERROR DUE TQ DIFFERENT CUMUQRI&TIUN-m « PRUS

FRACTION OF ERROR DUE 70 DIFFERENUES OF REGRESSTON
COEFFICIENT FROM UNITY = L1 A81E-0X
FRACTION OF ERROR DUE TO RESTOUAL VARTANCE = P PROI

- ACTUAL AND PREGICTED VARIARLES. .. CosT o= CASTSIM

'
|

CORRELATION COEFFICTENT = LRV
(HQUARED = 1994

ROOT-MEAN-SQUARED ERROR = 12,759
MEAN ARSOLUTE ERROR = 7,853
MEAN ERROR = L ROES
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 1,002
THEIL®S INEQUALITY COEFFICIENT = - VTETRE 02
FRACTION OF ERROR DUE TO EIASH = CEFGOE-03
FRACTION OF ERROR DUE TO DIFFERENT VARTATION = CTATIE-0R
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = _ 9920
ALTERNATIVE LECOMFOSITION (LAST 2 COMFONENTS)

FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION

COEFFICIENT FROM UNITY = GA442E-02
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = 2940




TABLE 4.9
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COMPARISON OF ACTUAL AND PREDICTED VALUES OF LABOR AND CAPITAL:

ENDOGENQOUS OUTPUTS

ACTUAL AND %REDICTED VARTARLES . 4 o L. LSIM
CORRELATION COEFFICIENT ﬂ. 2315

(SGUQREﬂ = 184677
ROOT-MEAN~-SQUARED ERROR = 1,829
MEAN ARSOLUTE ERROR = 1,431
MEAN ERROR = _ 1072
REGRESSION COEFFICIENT OF ACTUAL ON FPREDICTED = 1,002
THEIL*S INEQUALITY COEFFICIENT = s LOEZ2E~01
FRACTION OF ERROR IUE TO BIAS = + 3431E~02
FRACTION OF ERRUR DUE TO DIFFERENT VARIATION = '  .3718£“01
FRACTION OF ERROR ﬁUE TO DIFFERENT CO~VARIATION = T2y

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

COEFFICIENT FROM UNITY = : + 2340E-04

FRACTION OF ERROR DUE TO RESINUAL VARIANCE = IR ALY
ACTUAL AND PEEHICTED VARTARLES .+ » K o KSIM
CCORRELATION COEFFICIENT = L9997

(SAUARED = 19993 - . )

ROOTMNEANWSQUQRED ERROR == 27.87
MEAN ARSOLUTE ERROR = 20419
MEAN ERROR = 64062
REGRESSION COEFFICIENT. OF ACTUAL ON FREDICTED = 1.004
THELL*S INEQUALITY COEFFICIENT = .5779E~02
- FRACTION OF ERROR HUE TO BIAS = +A730E~01
FRACTION OF ERROR DUE TO DIFFERENT VARTATION = + 318BOE-01

i

FRACTION OF ERROR OUE TO DIFFERENT CO-VARIATION 2209

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

COEFFICIENT FROM UNITY = + 27G2E-01
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = + 202




an N 2
1]

— - -1

- g 3 g .

1952
1953
19294
1955
19256
1957
19498
19499
12460
1941
1962
12463
192464
19465
192464
192467
1948
19269
1270
19271
1272
1973
1974
1975

1976
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TABLE 4.8

LABOR AND CAPITAL REQUIREMENTS:

LEIM

ENDOGENOUS OUTPUTS

L

RSIM

K
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47.,002%
47.0738
47,6023
49,2772
54,0757
58.3009
86,7353
58.1739
54.49535
G2.94546
G8.7201
85,7003
G4,2388
84,3543
57.147%5
99 .2359]
G57.4879
S6.9197
897 .34698
G5.0876
S3.2076
58,1048
64.0903
64.0880
651868

44,9000
4%+ 1000
48,2000
S1.92000
G35.7000
97,8000
57 +6000
546 G000
54,4000
52,4000
23000
935000
54,4000
55.8000
S7.:8000
HdeHQ00
55.35000
96,6000
G97.8000
S58.1000
S97+3000
60.4000
63,9000
64,1000
673000

G088 H1E
708,775
770.971
871.860
PR 36T
L1127 .48
L247 .69
1402.50
18%48. 17
1707 .54
18461.22
1981 .62
2140.34
2288.37
2475.02
28611.71)
2748.42
2B72.69
2988.82
3188.59
I341L.96
I498.44
I693.07
I760.41
3207.90

626600
690,400
764.900
871 +300
?82.900

1127410

1280.00
1429.50
1579410
1721.%90
1840.10
2004.40

2150.40

2283, 60
2431.,20
REBG ., 60
273400
2886.00
3054 .80
3190.40
3334.50
3494.,00
I653,50
3808.90
3978, 90



TABLE 4.11
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COMPARISON OF ACTUAL AND PREDICTED VALUES OF MATERIALS AND COSTS:

ENDOGENQUS OUTPUTS

ACTUAL AND PREDICTED VARTARLES + o » M

CORRELATION COEFFICIENT = + 9950
(SQUARED = 29201

ROOT-MEAN-SQUARED ERROR = 4,838

MEAN ARSOLUTE ERROR = 3+383

MEAN ERROR = ' + 5858

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED =
THEIL®S INEQUALITY COEFFICIENT =
FRACTION OF ERROR DUE TO RIAG =

FRACTION OF ERROR DUE TO DIFFERENT VARIATION =

FRACTION OF ERROR DUE TO UIFFERENT CO-VARTATION =

ALTERNATIVE DECOMFPOSITION (LAST 2 COMPONENTS)

1.019

1978 E~01
e 14466E~01
e G193E-01

e P334

FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSTON

COEFFICITENT FROM UNITY =
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE =

"ACTUAL AND PREDICTED VARTAELES,.. COsT

CORRELATION COEFFICIENT = 1TV
(SQUARED = L9994

ROOT-MEAN-SQUARED ERROR = 15,11

MEAN ABSOLUTE ERROR = 9,984

MEAN ERROR = 3.827

REGRESSTON COEFFICIENT OF ACTUAL ON FREDICTED =
THETL*S INEQUALITY COEFFICIENT =
FRACTION OF ERROR DUE TO RIAS =

FRACTION OF ERROR DUE TO DIFFERENT VARIATION =

Hi

FRACTION OF ERROR DUE TO QIFFERENT COMUﬁRiATIUN

ALTERNATIVE DECOMFOSITION (LAST 2 CUMPONENTS)

¢ 3210E~01L
L9832

COSTSIM

1,016
VFOLRE-02
6ALOE-01
\ 2725

+ 6634

FRACTION OF ERROR DUE TO DIFFERENCES 0F REGRESSION

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

2619

-




1962
1943
1954
1985
19256
1947
1258
19549
1960
1961
1962
1963
1964
1965
19466
1967

1948

1969
1970
1971
1972
1973
1974
1975
1974
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TABLE 4.10

MATERIAL REQUIREMENTS AND TOTAL COST:

MSIM

41,2524
47,6510
91.4308
G8.3138
64,3697
71,5151
75.7241
81.4007
84.8974
?0.46526
?9.5986
103,272
106,202
108.841
118.413
127,583
132,983
138,655
147.442
157.767
1684967
177.036
183,962
189.444
19%.544

' 'ENDOGENOUS QUTPUTS

M

42,4608
A5, 9759
51,1042
58, 3350
67+ 9400
699111
77,1384
82,0535
86+ 2575
91,1128
98,0741
103,402
104,337
113,569
118,468
116,547
122,307
143,302
144,569
168,413
173,292
186,739
186,361
185, 0%é
199,898

COSTSINM

176,197
193.969
204.484
226,948
256,890

294,784

315,860
350,546
3697060

3G 191

435,124
4624146
483.712
G17.508
984,690
65G1.373
713035
786,242
891.24%
P63 250
1094.,40
1267.11
1G23.17
1747 .,5%
1972,70G

CosT

175.496
189,063
2064761
231,103
262006

292,383

320,120
350,012
373553
B9, 452
424,319
AL AR
484,499
525, 065
580,768
628,030
691,652
791,828
900,246
990,847

1122.467

1293.03
1516.8%9
17G2.27

2017.83
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AIB Average interest on bonds.

‘
il

ARE Average rate of return on equity.

Equations (1) and (2) have the same set of regressors, therefore,
in this case Zellner's seemingl? unrelated regression procedure
coincides with ordinary least squares. Furthefmore, by:definition,
for each observation RADEBT plus RAEQUI equals RAVAK and’this
imposes constfaints on the pafameters and random errors.

(U; and UZ) of equatiops (1) and (2).

The restrictions on the parameters are:
a1+a2=0,b1+b2=0,c1+c2=l 'and

The restriction in the random errors of both‘équations is

1 2 :
U, + U_ = 0 for all t. These restrictions on the parameters and

t t
on the random errors of equations (1) and (2) are SAtisfied when
the equations are estimated by ordinary least squares. Thus, we

estimated these equations by non-linear least squares, correcting

for auto-correlation, obtaining the following results:

RADEBT, = -67.76 (AIBt/AREt) + .4764 RAVAK,
: (-1.85) _ (11.05) :
RAEQUI, = 67.76 (AIBt/AREt) + .5236 RAVAK,

(1.85) (11.05)
. 2
p =1 R = ,996 DW = 1.31 T = 24

The above equations are estimated as first differences, forcing b
to be equal to one, since the estimated p was in fact very close

to one when was free.’ In this case, a, and a, are each equal to

Zero.

oy TR 08 B A Iy By B o0 o8 S B9 SN S A Bn
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L . GHAPTER V

.A FINANCIAL AND INCOME STATEMENT MODEL OF‘BELL CANADA

5.1 The Demand for Financial Instruments

In this section we de&elop a(model to.link‘the requirements
6f ecpnomic capital with the financing requiremeﬁts for this
capital. The model consists of two demand equations, one for
real long term debt and bne for real equity and one equation that
links net economic capital with net book value of capital. Also,

we have an equation to explain the number of preferred equity.

A. The Demand for Real Long Term Debt and Real Equity

We specify demand equations in which real long term debt and
real equity are linear functions of the relative cost of debt and
of equity and the sum of real debt and teal equity.

The demand equations are written as:

RADEBT, = a; + bl(AIBt/AREt) + c1 RAVAK_ + U; (1)
RAEQUI, = a, + bz(AIBt/AREt) + c, RAVAK_ + Uz (2)
where

RADEBT = Average long term debt in 1967 prices. The price
deflator used is the price index of Telephone plant.

REQUI = Aveiage total equity (preferred plus common stock)
in 1967 prices. Price deflator used was the same
as for RADEBT.

RAVAK = RADEBT + RAEQUI. That istet Average Accounting

Real Value of Plant and Equipment. -




™~
o
(o)}

From the estimation of this equation we obtained the following

results: -
RAVAK, = ~306277 + .920648 K_ + 158.52 . TIME
(L.627) (.56)
p = 1.03926 R? = ,9956 DW = 2.05 T = 24

and where TIME = 1952; e

This completes the section on Bell's demand for aﬁerage long term
debt and for averagé equity capital, as well as on the relationship
between real average accounting value of»plant and equipment (RAVAK)
and economic capital (K). 'We-go on to study in detail the relation-

Ships behind the firm's income statement.

G B T an S 0 aw s
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From these regression'estimates, we observe that all sigﬁs
are in accordance with a priori expectations. In equation (2},

we have estimated a demand function for the aggregation of common

'equity and preferred équity. This was done because Bell started

to issue preferred equity only in 1970, thus, we have a limited
number of data points to estimate ﬁhe demand for average real
preferred equity (RAPE). In our Income statement model we need a .
prediction of the dividend paid on preferred equity. For this we
need to prédict RAPE. We use an autoregressive ielationship; for

is -related to RAPE as follows:

this pgrpose, where RAPEt £-1

= . (3
RAPEt zy + zp * RAPE, , , (3)

We obtained the following results when we estimated equation (3)

RAPE_ = 70.875 + .6266 + RAPE, ;
(4.6) (5.77) |
2
R = .8926 DW= 2.4183 T =6

To close our financial model we need to link RAVAK with the

net economic capital.

B. The Relation between RAVAK and X

What we need now is a link between RAVAK and net economic
capital (X). For this purpose we introduce a simple relationship

between RAVAK and economic capital and Time, as follows

RAVAK =-do +d, - K_ + d

£ -TIME

1 t 2 - - | (4X
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where:
RTOE = Total operating expenses in 1967 dollars
RNKCAD = Non capital costs and depreciation in 1967 dollars

The equation was estimated by using non-linear least squares

and the following results were obtained:

RTOE. = 101.43 '+ .7468 RNKCAD, .

t  (3.84) (19.34) t
2 -
0 =. .844 R = .9982 DW = 1.51 T = 24
(12.3)

RTOE and RNKCAD are both expressed in millions of dollars.

C. Interest Charges:

The interest charges incurred, depend on the amount of short-

and long-term debt outstanding. For Bell, short-term debt represents

on the average, something less than 1% of total debt and‘conseqUently,

can be omitted from the succeeding regression equation without a
significant reduction in the éxplanatory capabilities of the model.
The regression equation linking interest charges and long-term

debt is deflated'by using the consumer price index. We postulate a

relation linking real interest charges and long-term debt as follows:

RINTt =r +r RADEBTt ’+ U (6)

1 t

However, due to significant residual auto-correlation in the above

equation, we modify equation (6) by including a lagged endogenous

ny o5 S g T O O A A e W
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5.2 Bell Income Statementhtems

A natural extension of our modelling of Bell is to build a
sub-model to reproduce the income étateménts_of the Company. The
model that we develop translates the economic variables of our.
financiai and éconémic model into the aécounting items included
in the income statement of the Company.

Here we present the model according to each item that appears

on the Company's income statement.

A. Operating Revenues:

Total dperating revenues (TORE) are obtained as‘the sum éf

- revenues for local services, toll messagé seryiqes,iother'toll
services and miscellaneous revenues. All these with the exception
of miscellaneogs revenues are obtained from the demand module given
the prices of the'respective services. Miscellaneous revenues and

uncollectables are treated as exogenous.

B. Operating Expenses:

The operating expenses in the income statement of the Company
does not include the cost of equity and debt capital. We relate
operating expenses to the aggregate of labour costs, raw materials

costs and depreciation costs. Both variables are expressed in 1967

prices by using the consumer price index as deflator.

The equation to be estimated can be written as:

= 5
RTOEt so + B, RNKCADt + Ut (5)




~
\O
o
. -

When equation (4) was estimated'by using ordinary least squares,

the following results were obtained:

RINCTAX = =-2.17  + L4712 RTXBASE
(-.59) ©(22.37)

‘P = .4875 R2 = ,9013 DW = 1.40 T = 24
(2.48) ,

E. Preferred Dividends:

The preferred dividends paid by Bell to its shareholders
depends, of course, on the amount of'preferred equity that the
Company holds. Bell started to use preferred equity as a financing
instrument in 1970 and, therefore, estimatihg the regreésion
equation for preferred dividehds was done using only seven data

points. | |

The relevant regression equation can be written in the

following manner:

= ' +
RDIVPRt eO + e RAPEt Ut : . (9)
where:
RDIVPR = Preferred Dividends paid to shareholders,defléted by

the consumer price index

The amount of average preferred eqﬁity'deflated again

RAPE
by the consumer price index
When equation (9) was estimated using ordinary least sqguares,

the following results were obtained:

RDIVPR_ = =-2.58 + .0959 RAPE_
(-1.59) (8.83)
2 -
R = .9397 DW = ,784 T = 7
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variable on the right hand side which results from the impiementétion'

' of a partial adjustment model.

The resulting regression can then be written in the form:

RINT, , + U E . (7))

RINT, = ¥ + r. RADEBT, + r 1 .

t o 1 t 2

When equation (7) is estimated by ordinary least squares, the
results are given as:

RINT, = -.552 .+ .01307 RADEBT + ,g§351 RINT

~.55
£ (0.52) (3.2) (14.4) el

R = .996 DW = 2.38 T = 24

D. Income Tax:

The income tax paid by the Company depends on its tax base.
The tax base is given by the difference between total operating

revenues plus other income and total 0perating expenses and

interest charges, that is: : ‘ ‘ : R

'ﬁTAXBASE = Total operating revenue-Total operating expenses +
Other income - Interest charges, in 1967 dollars.

The relevant regression equation can then be written as:

RINCTAX, = v, + Yq RTAXBASE, + U, (8)

t t

where
RINCTAX = Income tax paid by Bell and deflated by the consumer

price index

RTAXBASE = The net income before taking extraordinary items

into account. The price deflator used was the same

as for INCTAX.
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The above.conétituféd tﬁe income étateﬁent moaei in cufrenf
(nominal) doilars. The model in constant (1967) dollars is as
follows; |

(SR.1) ﬁTOREX = RSERVIX + RMISNETX

(SR.2) RTOES

101.43 + .7468 RNKCADX - .844 (101.43 +

.7468 RNKCADX, ., - RTOES, ,)

(SR. 3) RNORS

RTOREX - RTOES

(SR. 4) RIBUIS = RNORS + ROTHIX
(SR.5)  RINTS = -.552 + .0131 RADEBTS + .8351 RINTS_
(SR.6)  TAXBASES = RIBUIS - RINTS

(SR.7) RINCTAXS

it

-2.17 + .4712 RTHBASES ~ .4875 (=2.17 +

.4712 RTXBASES - RINCTAXSt_

t-1 1)

(SR.8)  RIBEIS = RTAXBASES - RINTXS
(SR.9)  RN19S = RIBEIS + REXTRIX-

(SR.10) RDIVPRS = -2.58 + .0959.RAPES

(SR.11) RNI21S = RN19S - RDIVPRS

Both models ((SN.1l) to (SN.1ll) and (SR.1l) to (SR.1l1l)) reproduce the II |
. ; }

income statement in current and constant dollars. Additionally,

we need to following relationships: ) | ‘ '
(A.1) RAVAKS = -306277 + .920648 KX + 158.52 TIMEX - 1.03926 '
(-306277 + .920648 KX, _, + 158.52 TIMEX, |
- RAVAKS__,) l
(A.2) RADEBTS = -67.76. (AIBX/AREX) + .4764 RAVAKS |
, ’ ‘
(A, 3) RAEQUIS = 67.76. (AIBX/AREX) + .5326 RAVAKS ' |
(A.4)  RTAXBASES = TAXBASES/CPIX : o . !
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F. Other Ihcome Statement Items:

Two other income statement componeﬁts that were not modelled

‘are Extraordinary Items and Other Income. Due to its variability

and insignificant effect on bottom line totals, Extraordinary
Items can be regarded as being the noise inherent in the modelling
of any large scale sysﬁem. Alternatively, we can treat it as

exogenous. Other income can also be regarded as exogenously determined.

5.3 Theée Income Statement Model

.With the behavioural equations presented above and a set»of
exogenous variables (i.e. exogenous to ﬁhe whole model or deter-
mined in other parts of our complete model of Bell Canada) we can
soive for a set of endogenous variablés to reproduce the income
statement of the company. The income statement modei is as follows,
where variables ending in X are exogenous (except the tax variables)

and the ones ending in S are endogenous (thus simulated).

it

(SN.1) .TOREX SERVIX + MISNETX

(SN.2) TOES RTOES + CPIX

]

(SN.3) ©NORS TOREX - TOES

(SN.4) IBUIS

I

NORS + OTHIX
(SN.5) INTS = RINTS + CPIX
(SN.6) TAXBASES = IBUIS - INTS

(SN.7) INCTAXS = RINCTAXS +« CPIX

TAXBASES - INCTAXS

(SN.8) 1IBEIS

(SN.9) N19S

IBEIS + EXTRIX -
(SN.10) DIVPRS= RDIVPRS -+ CPIX
(SN.11) NI2IS = NI9S - DIVPRS

where MISNETX = MISCUR + DIRCUR - UNCOL




B. ' The Endogenous Variables.
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There are four variables for each item; an R at the beginning

means in constant dollars, while an S at the end means simulated

values, for example:

TOE
TOES
RTOE

RTOES

total operating'expenses

simulated value of TOE

real TOE

simulated RTOE

The other nominal variables are:

NOR =

IBUI

INT

 TAXBASE

INCTAX

IBEI

EXTRI

NI19

DIVPR

NIZ21

Net operating revenues

Income before underlisted items (i,e.

Interest charges

before interest charges)

Income before income taxes and extraordinary item, equal

to thé tax. base

Income taxes

Income before exfraordinary item
Extraordinary item

Net income after extraordinary item
Dividends on Preferred Shares

Net income applicable to common shares

item

after extraordinary




.
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A. The Exogenous Variables
The ekogenéus variables in the model are:

'A CPIX = consumer price index in Canada, 1967 = 1

I

TOREX SERVIX + MISNETX = yl +.y2 + y3 + MISCUR + UNCOLX + DIRCUR
service revenue (local, toll and other toll) plus
miscellaneous revenues in current dollars, plus.

directorv assistance also in current dollars.

" RTOREX = TOREX/CPIX
OTHIX = Other income
ROTHIX = OTHIX/CPIX
EXTRIX = Extraordinary items (from income statgment), treated
A‘ as incomé (i.e. extraordinary exﬁenses are negative
income) |
KX = economic capital required, this variable is determined by

other modules

LX = labour input, determined elsewhere

MX

raw materials input, determined elsewhere

RNKCADX = MX + AAA-LX + KX*DECX = Real non capital costs and

depreciation




- /96

coefficient of actual (RAVAK) on predicted (RAVAKS) 1is quite close
to unity,. being l.033. We can see also that the bias of the

simulated variable is small.

We go on now toisee how well our income statement model pre-
dicts the variables. 1In this model, total operating reVenges (TOE)
are exogenous., The first endeqenous Variable is total ooetating
expenses, which was anaiysed in equation (5) above. In Table 5.5
we have the actual and predicted Qalues of the real and nominal
series for total operating expenses (TOE ). We can observe that
the model predicts qulte closely the variable in question, the
regression coefficient belng .9791. The bias is small, since
0.2 percent of tHe error is due to bias. In Table 5.6 we have
the values for Net Operating Revenues, which is the difference
between Total Operating Expenses. .We can see that this variable
simulstes quite well. The'regression coefficient is 1.018 and
the bias is slse'small, 0.2 percent.

The next endogenous variable in the Income Statement model
is Income Before Underlisted Items (IBUI) which is defined as
foilows IBUI - MOR - OTHIX where OTHIX is Other Income, treated
here as’exogenous.  In Table 5.7 we have the analysis of the
varlable Income Before Underlisted Items (IBUI), as usual in real
and current dollars. The fitting is here also quite teasonable,
the actual values being on the average 1.017 times the simulated
values. Here also the bias small, being as before 0.2 percent

of the error.

‘ ;
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5.4 Validation of the Financial and Income Statement Model

As é valiéation of dﬁr financial and income statement model

we have run simulations of the model, for both current and constant

-values, assuming that the values of the exogenous variables are

equél to the historicai values. The results of this vaiidation

are éresented in the following tables.

| In Table 5.l‘we have the real value of long-term debt, its
simulated value and the same variables in currént dollars. All

the comparisons in this chapter are done with the real variables,
although the current dollars variables are also presented. We can
observe that the tracking for'real avefage long-term debt"(RADEBTS)
is quite good. Similar results can be observed in Table 5.2, where
the equity (common and preferred) variables are presented. |

In the debt series, actual values are on the average 1.136
times the simulated values, while for the equity, actual values
are .9464 times the simulated values. In both cases the fraction
of error due to bias is quite small.

In Table 5.3 we present the validation of equation (3), the
equation used to obtain the predicted value of preferred equity.
Here also we can see that. the predicted values follow quite closely
the actual ones, both in real and in nominal terms; actual values
are .9877 times the simulated values, for the real variables.

\ In Table 5.4 we have the actual éhé predicted values of AVAK,
both in real and in nominal terms. This corresponds to equation
(4) of this chapter. The simulated values are quite close to the
actual ones and the correlation coefficient is high, as it is in

all the comparisons made in this validation. The regression
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In Tabie 5.1é‘we have thé fesults of the item 1abe11ele19;
which is‘Net‘Inéome After Extrabrdinary Item. Extraodrinary item
(EXTRIX) is taken as exogenous in our model and is a variable
usually quite small and erratic;. RN19 follows thus quite closely
the endogenous variable that preceeded it, namely, Income Before
Extraodrinary Itém (iBEI) which was analysed in tﬁe previous
paraéraph.

Since 1970 Bell Canada issued Preferred Equity. Aécordingly,
we have next study Dividends on Preferred Shares (DIVPR). In Table
5.14 we have the actual and predicted values for DIVPR in real and
nominal terms. This variable is endogenous ‘and the equation to
predict it is equation .(9) of‘the ﬁext. We can see that the simu-
1ated’va1ues are relatively close to the actual valﬁes of the
variable. The regression coefficient of actual values on pre-
dicted series is .9662 and the fraction of errér due to bias is
small at a half'percent.

The final item in Bell Canada's incomé statement is called
Net Income Applicable to Common Shares After Extraodrinary Item.
We have labelled this variable NI21l. In Table 5.14 we present
the analysis of the.behaviour of this item. We can see that the
predicted values are reasonable clpse to the actual values of the
variable, the regression coefficient being .9914. Thé bias is
quite small, since the fraction of error due to bias is 0.3
percent.

In Table 5.15 we present the actual and simulated values of
the return on average total capitaltfor Bell Canada, where the

actual rate is defined as:

INT + N19

RETURN = AVAK
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Nekt; we.ﬁave.the;Inte;eét'Cﬁarges<(INT), Which a?e.ééheraﬁéd
within-our model as we saw in equation (6). ZIﬁ Table‘5.8.we.haVe
the analysis of the results on this variable.  The prediction is
also quite good; the regression"qoefficient of actual (RINT) on -
predicted (RINTS) is1l.018. For this variable the fraction of
error due to biéé is.28.4 percent.

fhe Tax Base (TAXBASE) serves to predict the amount of income
taxes paid by the company, and in our model is an éndogenOUS
variable. In Table 5.9 we analyse the results of the tax base.

We can observe that the predicted ﬁalues are reasonable close to
the actual ones, the actual values being 29.2 percent of the
simulated values. Here the pércentage of error due to bias is
gquite small being 5.9 percent.

Having predicted the Tax Base, we go on té simulate the -
amount of income taxes paid (INCTAX). In Table 5.10 we have the
results of the validation of equation (8) of our model.. We can
see that the results are reasonably good in general, although for
some years teg 1976) the behaviour is erratic. The actuél valﬁes
are oh the average 99.8 percent of the simulated values and the
bias here is also small, the fraction of errér due to bias being
7.9 percent.

Next, we have Income Before Extraordinary Item (IBEI), for
which the results are in Table 5.11. This variable is the result
of the difference between TAXBASE and INCTAX, thus its behaviour
is the result of the behaviour of the variables just qamed. Again,
we can observe that IBEI is predicted by the model in a closed

fashion, the bias being also small.
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~and the simulated values of the rate of return is:

INTS + N19S

RETURNS = AVAKS

We also compare the simulated.values with the actual ones.
As can be observéd, the simulated valués foil§w‘the actual ones
" in a satisfactory manner. The regression édefficient of actual
return on predicted return is .9219, while‘the.fraction of
error due to bias is insignificant. .

To complete the information on the validation of our
financial and income statemeﬁf model, we present as Table 5.16
the values of the exogenous variables that enter into it.

We close here the discussion of the validation of our
financial and income statement model. It can be»fairly said
that, as a whole, the model tracks quite well. Next we go on
to simulate our Income Statement model taking as exogenous the

variables simulated previously in this study.
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FRACTION OF
COEFFICIENT FROM
FRACTION OF ERROR DUE

ERROR

nuE

£

RIBUYS

!

1.017

W 1727E-01
+2075E~-02
+P72BE-01

+ 2006

TO DIFFERENCES OF REGRESSION
UNITY = .
TO RESIDUAL VARIANCE =

+809BE-01
+ 2169

/106 " :
B l".‘.

—~

. —e




A

. 1953
719@7

1959

"0"0(0900%“0OQQQOOOOOQQQO000000{QQ'Q!'QOiOOOOi'#OOGQQ.Q.QOQQO

1952
1953
1954

1935
19238

1960
1961
1962
1963
19464
1965
19466
1967
19468
1969
1970
1971
1972
1973
1974
1975
1976

* > » L Ll v & @ * < - * » > > > * > > > > +* + L d

COMPARTSON OF

ROOT-MEAN-SQUARET!

MEAN ARSBOLUTE

MEAN ERROR =

VALIDATION

_TABLE 5.8

INTEREST CHARGES

RINT

.11;?627

14,0158
15,0479
15,6208
17,4872

19,7361

21.1877
24,7692

29,5005

32,9553
357106
38.1518
40,5309
4244407
4648203
G2,7498
G7.5662
64,3147
64,2015
679022
73,0459
78.:2563
78,7935
84,3994
87.9384

CACTUAL AND FREDICTED

CORRELATION COEFFICIENT
' (SQUARET

ERROR =

ERROR

it

RLGk&h)]ON COEFFICIENT OF

THEIL"S

FRACTION OF ERRKOR
FRACTION OF ERROR

FRACTION OF ERROR

INEQUALITY COEFF

[UE
RUE

nuE

S RINTS

11,9627

13,0186
14,5047
16,4095
18.7495
21.5402
24,7029
28,0348
31.8103

B35+3405

39.2068
43,1262
44,8390
G0 5628
94 G730

8. 3799

62i 0096
6T AT A
LB HR09
71,5492
74,2320
7467338
78.9739
80.9012
82,5546

VARIARLES s ¢

fPP04
L2812

3.976

3236

~2.118

FICIENT =

TO

RIAS =

ACTUAL AN FREDICTED
Rk ok sk kR ROk ROk SOoRRoR Rk ok ok ok sokaokok ok ook ok ok ok

RINT

TO DIFFERENT CO-VARIATION

SINT -

7.09169

8.65349

Pe57331
10.2016
11.7658
13.7890
15,4046
18,4809
23,1530
26.6610
29,6853
3244670
35,0559
37.7120
43,9694
G2.7498

60,9693

72,1574
774968
87.1941
101,888
116.808
131,687
160,934
177.28%6

TIME 8

ACTUAL ON FREDRICTED =

TO DIFFERENT VARTIATION =

i

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO HIFFFhINCLn OF hEGRkbeON
COEFFICIENT FROM UNITY =

FRACTION OF ERROR

DUE TO RESIDUAL VARIANCE =

/107

TNTo

7.,09169

8.03658
PeRBR77E
10,7167
12,6151
15,0494
17,9803
2141439
28.7524
32,5915
36.7001
40,5288
45,0178
G1.2446
8. 3799
656754
73,4171
82.8314
L8773
103,542
114,532
131,987
150,493
166.394

1.018

+3847E-01

+ 2839

«2783E~01

6883

+118PE-01

7042



RTAXBASE

 TABLE 5.9
VALIDATION: TAX BASE

RTAXBASES

Tﬁxﬁd@f

/108 ' ‘
- o o
TAXEASES l |

0000#00'00000000000000000'0'0000#00-0000000000000000000000000.00000';

1952 . 78,1278 78,1278 46,3104 46,3154 l
1953 + 80.2766 77,3089 49,5637 47,7314 P
19%54 . - B241237 76.7803 G2.24461 48,8467 !
1965 W " 86,6587 81,5230 6 G950 S3.2410 l
L1956 s P21L+6070 87.3088 61 6352 98.7433 :
1L9%7 . ?21.471% ?1.92430 63,9082 6442376 )
1958 . ?3.5524 P2.0625 68,0173 66,9340 l
1959 s 125,748 124,472 24,8396 ?23.87469

1960 . 129,392 129,421 101.551 101.%74

1261 . 138,827 139.049 112.312 112,491

1262 . 152.448 153,099 126,726 127,267 l
19463 s 154,673 156.919 131.626 133,538

1964 . 174,185 178.67% . 150,655 154,538 »
1965 . 188,292 194.581 167,313 172,901 l
1966 . 187,954 193.678 176.490 181,865

19467 ’ 203,385 206. 9548 203.380 206,956

1948 . 204,555 206.370 2Lb. 648 218.3570

1949 s 193.888 205,402 2175351 230,449 '
1970 s 215.223 213,606 209.793 287.901

1971 . 209,808 203,588 269.417 261.430 ;
1972 ’ 209,339 192653 291,996 268.721 I |
1973 . 217.%540 2064283 324,698 307.897 ‘
1974 . 206.910 187,084 345,809 312,672

1975 ‘ 207.879 200,151 386,651 372,814 i
1976 B 210,488 214,007 424,190 431.343 l '

COMFARISON OF  ACTUAL AND PREUICTED TIME SERIES
Kok storsk ek aoiokokkeokskskcioiskskskoksiolok sk seiarorsiokek Rk skor ook ok

ACTUAL AND FREDICTED VARIABLES. .. RTAXHAGE RTAXEASES
CORRELATION COEFFICIENT = 9911 |
(SQUAREDN = 9823

ROOT-MEAN-BQUARED ERROR =  .7.043 '
MEAN ARSOLUTE ERROR = 4,963

MEAN ERROR = 1,717 '

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = L9921 l

THEIL®S INEQUALITY COEFFICIENT = L 2138E-01 3

FRACTION OF ERROR LUE TO BIAG = VEP4BE-01 | '

FRACTION OF ERROR IUE TO NIFFERENT VARIATION = L AB71E-04 3

FRACTION OF ERROR DUE TO OIFFERENT CO-VARTIATION = L9405 "

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR DUE TO NDIFFERENCES OF REGRESSION

—

COEFFICIENT FROM UNITY = ' «3320E-02
FRACTION OF ERROR. DUE TO RESIDUAL VARIANCE = e 9372

g.._-.




‘- ..

~N

TABLE 5.10
. , /109
’ VALIDATION: INCOME TAXES
RINCTAX | RINCTAXS INCTAX_ | CINCTAXS

0it0OQ‘QOQOOQOG'QOQOOO'QG’Q‘0000‘09‘0‘00000004000#00060000#0"

1952 . 40,0546 40,0544 23, 7450 23,7450
1953 . 37907 36,8944 29,7150 22,7790
1954 . 37,2484 35, 0905 23,6970 29, 4527
1955 . 3746937 36,8677 24,6170 54,0775
1956 . 39,6628 39, 2793 06,6860 D6 ADBE
1957 . 39,8917 41,2991 27,8710 28,8543
1958 . 40,0495 41.2789 26,1180 30,0119
1959 N 59,0771 5d 5108 44 5540 42,6220
1940 . 61,2099 58,8269 48,0390 4b, 1692
1961 . 67 5163 63,3543 54,6210 51, D530
196 . 23,9119 69,9702 61.4410 58, 1643
1963 . 74,4212 7147683 63,3320 61,0744
1964 . 82,2745 82,0184 71,1600 70 . 9385
1965 . 88, 3353 89,5124 T8, 4930 79 J5F90
1966 . 86,9470 89,0869 81,6440 83,6534
1947 . 91+ 5640 95 343D 2145640 95 , 34K
1968 . 92, GXAY 95, 0669 98,3220 100,687
1969 . 99 5493 94,6109 103 835 106,148
1970 . 104,823 98,5002 126,531 118,898
1971 R 95,1054 9F, TEED 1220126 1200393
1972 . 90,7349 88,6039 124 561 123,589
1973 . 100140 95,0260 149,468 141.83%
1974 . 962140 B85, 9795 160,802 143,697
1975 . 93.3701 92, 1365 173,918 171,620
1976 . 9R B2 98, 6653 185,696 198, 866
- COMFARTSON OF ACTUAL AND EREDICTED TIME SERIES
AR KRR K AR S SR AR Sk sk ok ok sk sk ok ook ok sk
ACTUAL AND FREDICTED VARTABLES. «. RINCTAX RINCTAXS
CORRELATION COEFFICTENT = 9898
(SRUARED = 9797
ROOT~MEAN~SQUARET ERROR = 3500
MEAN ABSOLUTE ERROR = 2,647
MEAN ERROR = + 9941
REGRESSTON COEFFICIENT OF ACTUAL ON FREDICTED = 9977
THEIL*S INEQUALITY COEFFICIENT =  DEDEE-01
FRACTION OF ERROR DUE TO HIAS = L 7PREE-01
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = 2866E-02
FRAGTION OF ERROR DUE TO DIFFERENT CO-VARIATION = L9178
ALTERNATIVE DECOMPOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICTENT FROM UNITY = ‘ COBPLE~03
9204

FRAGCTION OF ERROR IUE TO RESIDUAL. VARIANCE =




o TABLE 5.11 o
VALIDATION: INCOME BEFORE EXTRAORDINARY ITEM

/110

4

RIBET RIBELS Ui IREIS

0060OOQQOO’OOQQQQOIOQOOOO000’0000000000000000'*00000*0000000)‘

1952 - 38,0731 38,0731 225704 22,5704
1953 . 43,4859 40,4145 26,8487 24,9524
1954 . 44,8753 41,4878 28,5491 . 26,3940
1955 . AB.9650 44, 6553 31,9780 29,1635 |
1956 . 51,9442 48,0365 34,9492 32,3200
1957 . 5145799 50,6439 36,0372 35 , 3832
1958 . 53,5029 50,7835 38,8993 . 36,9222
1959 . 66,6713 67+ 9592 50, 2836 51, 2549
1960 . 68+ 1825 70,5947 53,5119 55, 4051
1961 -. 71.310% 7546947 57 6905 612373
1962 . 78,5360 83,1287 8%, 2BAY 69,1026
1963 . 80,2519 85,1512 68,2939 72, 4632
1964 . 91,9109 96+ b7 79,4946 83, 5993
1965 ' 99, PE70 105,068 88,8198 93,3616
1966 . 101,007 104,591 94,8463 98,2120
1967 ) 111,821 111,613 141,821 111,613
1968 ' 114,722 111,303 118,326 117,883 |
1969 . 101,339 110,791 113,696 124,301
1970 R 110,400 EEEETENT 133,262 139,003
1971 ' 114,702 109,832 147,291 141,036
1972 . 118,604 104,050 165, 435 145,133
1973 N 117,400 1id.257 17% ., 230 166,061
1974 ' 110,696 101,104 185,007 168,975
1975 . 114,209 108,014 212,733 201,195
1976 . 118,326 115,341 238, 494 S 232,477
COMPARISON OF ACTUAL AN FREDICTED TIME SERIES
HORK KKK AR AR KKK KRR OO HOR AR K ok SOk ook o

ACTUAL AND FREDICTED VARTARLES. .. ROBE L ' RIEEIS
CORRELATION COEFFICIENT = Vo817

(BAUARED = 9638
ROOT~MEAN-SQUAREN ERROR =  5.371
MEAN ARSOLUTE ERROR = 4,341
MEAN ERROR = L7229
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = LOBET
THEIL*S INEQUALITY COEFFICIENT = v 3021E-01
FRACTION OF ERROR DUE TO BIAS = L 1812E~01
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = + 6723E~03
FRACTION OF ERROR DUE TO DIFFERENT CO~VARIATION = 9812

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES DF_HEGRESSIUN

COEFFICIENT FROM UNITY = ' +A75BE-02

FRACTION OF ERROR DUE TO RESIDUAL VARTANCE = w9771

Sy SO ———



VALIDATION: NET INCOME AFTER EXTRAODRINARY ITEM

RN19 < - - RNI9S - N19 CONLYS

1-01-0Q‘(‘QQ’OQOOQ"-GG’OQQQ#’Q##O0'00000'0#'0000000GOQ#Q##Q&OOQOQOOQ

1952 i 38.0731 - 38,0731 S RD.5704 - 22,5704
1953 . 43,4859 A0 4145 26,8487 24,9524
1954 . 44,8753 41,4878 28,5491 26,3940
1955 . 48,9450 44,6553 31.9780 29,1635
1956 . 51,9442 48,0385 34,9492 32,3200
1957 . 515799 50,6439 3460372 35 . 383R
1958 . 535029 50,7835 38.8993 Zh.9R0R
1959 . 66,6713 &7 . 9592 50,2836 51,2549
1960 . 68 . 1825 70,5947 535119 55, 4051
1961 . 71,3105 75,6947 576905 61,2373
19462 . 78,5360 83,1287 &5 .. 2849 &9 1024
1963 R 80,2519 85,1512 68293 72,4632
19864 . 915.910% Qb 567 79,4946 83.5993
1965 . 99, 9570 T 105,068 88.68198 23,3616
1966 . 101.007 104,591 94,8463 98,2120
1967 . 111.821 111,413 111.821 111.613
1968 . 111.722 111,303 118,324 117.883
1969 . 101.339 110,791 113,696 124.301
1970 .. 110400 115,156 133062 139,003
1971 . 114.702 109 .832 147 .291 141,036
1972 R 117.855 103,300 164,526 144,225
1973 R 121 542 . 115,399 180626 171,458
1974 . 110,494 101104 185,007 168,975
1975 . 172,040 165,846 305 . 331 293,793
1976 118,324 115341 238,494 DA, AT

COMFARISON OF ACTUAL AND FREDICTED TIME SERIES

SRR oKk KRk oK koK R oK Sk sk ok stk st sk stk ek sk sokaksok ok
ACTUAL AND FREDICTER VARIAERLES. .. RN RN196
CORRELATION COEFFICIENT = JIBHT

(SQUARED = 9731

ROOT-MEAN-SQUARED ERROR = G371
MEAN ARSOLUTE ERROR = 4.341 !
MEAN ERROR = 7229
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 1.003
THETL.*S INEQUALITY COEFFICIENT = CRBPPE-Q L

FRACTION OF ERROR DUE TO RIAL = +1812E-01

i
+9700E~02

FRACTION OF ERROR DUE TO DIFFERENT VARIATION =
FRACTION OF ERROR DUE TO DIFFERENT CO-~VARIATION = 9722

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

COEFFICIENT FROM UNITY = e 2778E~03
12816

FRACTION OF ERROR DUE TO RESIDUAL VARIANCE =




1970
1971
1972
1973
1974
1970
1976

- FRACTION OF

VALIDATION: DIVIDENDS ON PREFERRED SHARES

TABLE 5.13

ROTVER

RIOIVFRS

DEVIR

DIVFRS

/112

LK B 2 N B Y - B LAY BRI IR R K N R N K K 2K SR IR SR B 2K IR 2K 2K 2R 2K K BB IR B AR 2R IR 2R B B BE BE 2R BN K R 2R BE 2K 2K IR B K )

.- * 2« v +* + @

ACTUAL

CORRELATION COEFFICIENT
(SAUARED

ROOT-MEAN-SAUARED

MEAN ARSOLUTE

5, 07834
8.,087%57
10,7954
10.7607
12,1754
15,5166
1647580

LCOMPARTISON OF ACTUAL

4,14822
B, 43597
1[ 1ﬂm
12,8067
13,8619
14,523
14,9375

ANIY FREDTCTED

5. 70855
P 34979
13,0796
14,0200
17,5944
24,8445
28.8470

TIME

. 4 (’\‘)‘I-:K\‘

P 70257
13.4761
16,6858
20:0316
5‘92”38

A« 10/1.5,...

BERIES

******X*KﬂwmwWﬂﬂ?**************#******<*******

MEAN ERROR =

REGRESSTON (ULFPlClLNT OF AFFUAL OM PREDICTED =

THEIL.®*S

FRACTION OF

FRACTION OF

AL TERNATIVE

ERROR =

AND FREDICTED VARIARLES. ..,

9353
+8748

o

i

ERROR 1.332
1.163

-+ 2488E-01

[NEQUALITY COEFFICIENT =

FRACTION OF
COEFFICIENT FROM UNITY =
FRACTION OF

ERROR

ERROR DU

ERFEOR DU

DUE TO RIAS =

ERROR THIE

ERROR DUE TO RESIDUAL

RIVTVER

TO DIFFERENT VARTIATION =
TO DIFFERENT CO-VARIATION =
DECOMPOSITION (LAST 2 COMFOMENTS)
TO DIFFERENCES OF

VARTANCE =

ROIVFRS

+R662

L BEB0E-01
WHO72E-0R
s BORY9E~02

L OBEY

REGRESSTON
+ B8A461E-02

+PBHE




P

.TABLE 5.14

/113
VALIDATION NET INCOME APPLICABLE TO COMMON SHARES AFTER EXTRAORDINARY TTEM

RNT21

RNIQlB

NIRI

N1318

PRI R N T SR I ST SN N N R N B N B R L AR YRR A R N N IR NE R AR RE 2R R R S N R R B K N L K L O B B R O B K )

1952 . 38.0731 A0 . 6508 22,5704 24.5848
1953 . 43 . 4859 42,9922 26 .8487 269490
19454 . 44,8753 44,0654 28,5491 28,3999
1965 ’ 48 . 9650 4742330 31.9780 S XL L1780
19856 . G1.9442 G0.6142 34,9492 34,3613
1987 N H1.5799 G3.221 6 360372 374871
1958 . G3.5029 343612 38.8993 I2.0827
19G9 ' b6+ 6713 705369 S50.2836 93+ 4392
1960 N &8 .. 1825 73,1724 U301 Le G7:61462
1961 + 7143105 78.2723 ST P00 A3+ A6P3
1962 . 78.5360 85.7064 &Y. 2849 71434615
1963 . BO.2519 87.7288 A8 .. 2939 74.7437
1964 . L2109 PP 2344 79,4944 8%.9418
1965 + PP U770 107+ 646 88.8198 PEH. 74604
1966 . 101.007 107,169 4,84463 100.700
1967 . 111.821 114,190 111.821 114.190
19468 . 111.722 113.880 118326 120.586%
1969 . 1014339 113,369 1138986 127105
1970 . 108321 111.007 127.5%96 134,341
1971 . 106.615 101.3%94 137.941 131.284
1972 . 107.059 92,1771 1861 447 130.749
1973 . 110.781 102,592 166,606 154,772
1974 . P8.H211 87.2424 167.412 148,944
L1975 . 1546524 151,323 280.484 270,539
1974 . 101.5468 _ 100.404 209.647 206764
COMFARISON OF ACTUAL AND PREDICTED TIME SERIES
Rk sokokokosk ook okoR s ekskkokskskfskok koo ok ko sk skt skok ok ok ke
ACTUAL ANIY FREDICTED VARTARLES... RNI21 RNIZ2LS
CORRELATION COEFFICIENT = $ 9759
(BRUARED = fPERZ

CROOT-MEAN- GUthn ERROR = &.388
- MEAN ananurr ERROR = Gel A2

MEAN ERROR = “1e106

REGRESSITON COFFPLLI%NT OF ACTUAL ON FREDICTED = 19914 |

THETL"S INEQUALITY COEFFICIENT = e BET7EHE-OQL :

FRACTION OF ERROR DUE TO RIAS = + 3000E~-01

FRACTION OF ERROR DUE TO DIFFERENT VARIATION

= AP72E-Q2
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = + 9650

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

v 1A64E~02

COEFFICIENT FROM UNITY =
ELATTTON (e Bt e - Nt ol




TABLE 5.15

VALIDATION: RETURN ON TOTAL CAPITAL

R R I R I A A A R Ry

LG22
1953
1954

19EE

19858
1957
1958
19259
1940
1961
L9622
19463
1964
196G
1946
19&7
L9486
1969
1970
1971
1972
1973
1974
1974
19746

L R N T I I DR R R I R R T I I TR T e

RETURN

cHLI3L7E-QL
s HA1LHOOE-O I
cSOHIZ7E~QL
cSROEEHASE Q]
L5811 8K~
53876
536848
CEPED T
s HOB3IT
s HOL58E 1
s HB2201LE-~01
+ 614612501
+HAHBE
e H73PHLE
+ SEFR0
cOPRL2TFE-OL
s ZO7ETEE~O
L L8091 Q1
s 2L 77PEE~QL
s 7405075 -01
e 72755001
+BLL3PAE~G
+BO8066E 01
+105693

+BAEEPEE O

COMPARTISON OF ACTUAL AND
ARCRCIORACRIR sk ROkkoR ok OReR SeOR SORoRoRaRiololok AcCIOR sk skokoxoR Kok sk

ACTUQL AMD PREDICTED VARIABLES. . .

CORRELATION COEFFICIENT
(HRAUARED

ROOT-MEAN-SQUARED ERROR

MEAN ARSOLUTE ERROR =

MEAN ERROR =

REGRESSION COEFFICIENT OF ACTUAL ON FREOQICTED

= 2168
= + 8405

e 40HSE-02

77 65E~-0Q4

THETL*S IMEQUALLITY COEFFICIENT =

FRACTION OF ERROR HUE
FRACTION OF ERROR LDUE

FRACTION OF ERROR IUE

TO RIAG =

+A598E-02

RETURNS

o SLEZLZE-0L
s GO7LAUE~OL
LSGEBEEE-01
$ SAHP L 2O
e 2BO4LE-Ql
SLEBEIE-O
s APAEHPE 01
cGBP7GHIE-0
+G94261E~01
cH20459E-0L
+HE2LA0E~01
LHEAGHVBE-01
e 707124501
o 744037~
73861 1LLE-QL
¢ 7538450801
¢ 7G1RAIAE-0L
s 749877501
¢ 7EGIRAE-01
¢ 747 EGE- QL
+ 7RE2PBE~QL
f78BBL36E~0L
¢ 733790E-01
2861 L1LE~0O1
cBRBIV2E-OL

FREOTCTED TIME

RETURN

i

TO DIFFERENT VARIATION =

TO LDIFFERENT CO-VARIATION =

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO HIFFERENCES OF REGRESSIONM

COEFFICIENT

FROM UNITY =

FRACTION OF ERROR DUE TO RESIDUAL VARIANCE =

SERYES

RETURNS

$P219

¢ 3334E-0L
2BHRE-03
+ 1806E~03

+ P99

¢+ 3649E-01
P PH32

- /113a

[




o Cmam

1952
1953
1954

19546
1957
1958
1959
1960
1941
1962
1963
19464
1945
194664
1967
1968
1969
1970
1971

CRIX

+ 781503
+ 7745466
e 778035
+ 780347
791908
+816185
+ 838150
+847399
+857803
8658948
876301
BP2486
+F08B67
+ 230634
+ 265318
1+00000
1.04044
1.08786
1412370
1+154607
1.211%6
1,30289
1,44509

1.60116°

1,721329

VALIDATION: EXOGENQOUS VARIABLES

= ig
e P N = N

ALR

+ 364536E~01
«3B2208E~01
» 3BSVLATE~0OL
cAB1249E-01
+ 38642901
+ 39981 4E-01.
f400221E~01
+A4L3BLOE~01
cAA81L33E~01
s AESB1LE-O]
+A7829E6E-01
cARIPEOE~0 1
eA2APEE-O 1
«A97208E -0
cAGPIP4E-01
s R1E0HBE-O]

»SEBBPEE~-01

+ GSEGRE2E-01

G765 G3EE-01

VbRATEIE =01

W EUZA24E -0

SBLLP3E~01
+ 728023501

W TATEYEE -0

ARE

+ 100094

«136716

1382469

+280272E-01
LO74509E-01
s B36254E-01
+48PLYEE-0L
+ G309 1L0E~01
+7E4BEPE-OL
«OP1E7AE-01
+ 91 0GEBE-01
+ 66341 6E-0L
a28271E-Q1
+ HEPLEGBE~0L
«PREG0BE~01
¢ PEGTETE~OL
+P8EEBIE-O1
fFB70G 01
+ 78753 1E~O1
+BP20F7E-01
PPA2TAE-D ]
+1114699

«114310

120085

115339

EXTRIX

O.
O,
0.
0O,
0.
0,
0
O
0.
0.
0.
0.
O,
0.
0,
Qs
0,
0O,
0,
O,
=+ 208042

Ge394629

0.
92,5974
0.

OTHIX

2,16508
2:.60191
390086
392977
5.51658
7401565
680954
7467412
6.97594
6466574
7443304
8.41199
P 42519
269512
11.9980
20.0424
219225
22,4798
24,5854
29,7886
32,2029
39.2780
44,6299
G3.3394

65.2271

FK

000++000000#00000000009969#00#6000000006000900006000000000 LR 20 2N 25 2% 2K 2K F 2K 2 2 IR R A 2K IX JE 2E 2K BF BF BF IR P AN 3

869000
«851000

+ 843000

+841000
»854G00
«8EP000
+ 854000
864000
» 867000
865000
873000

+ 883600

+879000
LE94000
+ 935000
100000
1:.04900
1:10000
117300
L+24300
132600
1+41000
1.57800
1.72700
1+83600
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1932
L“'3
.4
I?WS
1954
1957
1958
1959
1940
19461
1942
19463
1944
19465
1964
1987
1968

1949

1970
1971
1972
1973
1974
1975
1974

amr—r—tn

DECX

«F6EEE0E-01
+DSHHIIE-O L
«O98243E-01

VE3REISE-01

s S2PIASE-Q L

L 5ER912E-01

sO7REBRE-01
«39BLLIE-OL

 L590B43E~-01

+G9Q04SE-01
.5?5667E“01
+HLIEE0E~01
«H203B0E~-01
H34087E-01

+u43£40| ----- 01

cOBR460E-01

06642385»01

cEBE0TLE~
;069I044hm0}
F e E9TOVILE-QL
L L FA39E0E

a4 E-01

7RBLIPE~O1
83541 2E-01
.8&3555L~01

TABLE 5.16 {(cont'd)

VALIDATION: EXOGENOUS VARIABLES

MISCUR

320000
380000
4.30000
350000
2:20000
2:.30000
2. 70000
2.90000
J. L0000
3+20000
4.50000
e 20000
510000
.40000

F5.80000

6+ 40000
7,00000
8. 460000
P.60000
28,3000
348000
29,4000
34,2000
43,0000
54,8000

TOREX

Lw“& + ..'{98
201,963
219.374
244,900

273.975

3Q2.988
328.818
376805
404,848
L33 HE7
A470.995
G02,.977
G42.772
G92.981
&40, 047
702,035
7UB.478
842,090
P35, 636
1018.79
1125.42
127520
1440.12

1865.87

1903, 92

UNCOL

00*‘000000}00*00{#0.!00’6{#0#06000500001-0{0000#600##'#

« 337880
L 3886131
L S093I37
357241
chEIV2Y
204820
1127270
1.35030

C1.89602

Le66511
1.92528
2 25200
224179
2:80132
3.1537¢9
332003
J3.32413
4.06018
b.13177
4.6217¢
3926505
A, 60584
6.20400
8.97532
8.80481

WM

+ 741074
+ 740074
eszO/g
+ 206074
+ 784081
801046
+ 812045
829044
+839040
+BAZ03B
«B35038
¢3]0037
L 892038
+R21037
¢962034
1.00000

1.03301.

1.07801
1.12788
1+16413

S LL22215

133404

153303
1.70504
1.88704

.......

WiCOR

L I A A I N T R ]

1+69303
1.81627
1:.89862
1{’ ;}'76 l(')

¢¢03233

L1185

1«335?[

D IIE27
~.4866;
2.HA203
2, 74388
283471
2:,906867
2ePHOE
3.21080
3486077
3.754600
407078

‘94918‘

564473
&, 02575
4. 61294
757488
&, 33328
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" section. This is so.because in our model the variable does not
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VALIDATION OF THE COMPLETE MODEL

The validation performed in this section consists of running

our Income Statement model with the simulated valueé for the
services cominé from the demand equations and‘the simulated wvalues
for labour, capital and raw materials coming from the cost model.
When compared with the validation done.in the previous section,

it can be observed that for Average Preferred Equity (APE) the

simulated results are identical with the one of the validation

depend on either the demand for services or the input levels.

In this wvalidation the main variables that change are Total
Operating Revenues which were taken before as exogenous and. now
are still exogenous to this Income Statement model but are the

result of a simulation of the demand equations. We .call this

variable TORES and its real counterpart RTORES. (See Tabie 5.21).
In general, and as can be expected, the simulations done ih this
section ao not follow és closely the actual values. However, we
believe the resﬁlts to be quite satisfactory, especially taking
into account that we are simulating over a 25 years period and
due to the nature of the model and the way the simulation was
run, the errors tend to accumulate. The results of this simula-

tion appear in Tables 5.17 through 5.32.




STMULATION:

TABLE 5.17

LONG-TERM DEBT

RADERT

RAGERTS

0t.60060006006000000000"000

Lo52
1953
1954
1955
1956
19357
1958 .
1959 - - -
1960
1961
1962
1963
19464
1965
1966
1967
1968
1949
1970
1971
1972
1973
1974
1975
1976

P T T R SR R R TR, R R R S S RS

COMPFARISON OF ACTUAL AND FREDICTED TIME SERIES
OO K KKK AR KKK KKK KKK R AR KKK KKK AR K AFAOK KKK

223,867
2664049
294.091
318.174
356,528
401496
445,487

CS22.498

594,539
660,266
710.936
759720
810,106
848.406
940,657

1022.47-
1078,52

1159.27
114%.90
1178.04
1229.88
1267.79
1225.09
1280.00
1291.62

203,867

290.038
331.480
380.034
441,399
S02.052

960.430

607,203

685,355
733683
783,073
838.64648
879 .869
?39.353
1013.,14
1047.29
1077.27
1095.93
1097.96

"1147.34

1170.04
1189.88
121711
1183.466
1177.83

ACTUAL AND PREDICTED VARIABLES...

CORRELATION COEFFICIENT
(SQUARELD

ROOT-MEAN-SQUARED ERROR

MEAN ABSOLUTE ERROR

MEAN ERROR =

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED

+2892
9786

S 71.24

63425

“"23 + 30

THEIL*S INEQUALITY COEFFICIENT =

FRACTION OF ERROR DUE TO RIAS =

ATERT

194.540
226408

247,919

267 ..584
304,478
344,885
384,901
451,438
Slb.654
G971 4130
620,647
&70.833
712,083
738,475

880,455

1022.47
1131.37

127%.20°

1344.14
1464.30
1630.82
1787.58
1933.19
2210.56

2371L.41

RADEET

it

FRACTION OF ERROR- DUE TO DIFFERENT VARIATION =

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION =

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY =

FRACTION OF ERROR DUE TO RESIDUAL VARIANCE =

/117 I

ALERTS

194,540

246,822
279.437

319.609
377127
431,264
484,214

S24.627

595,576

634,640
683,627

740,530

773,410
839,786
948,299
104730
1130,06
1205,53
1287.91
1426, 15
1551 .48
1677.27
1920, 60
2044,19

2162.50

RADERTS

1,128
+4036E~01
1070 .

+ 3972

+ 4959

V3307

5623 .
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SIMULATION: EQUITY

TABLE 5.18

RAEQUIS

AEQUI

AEQUIS

/118

LA A B L L R A L R R I IR I I I I I N N N N I R N I R R R R R R

1952
1953
19354
19535
19546
1957
1958
1959
1960
1961
1962
1943
1964
19465
19466
1967
1948
1969
1970
1971
1972
1973
1974
1975
1976

> * > > - * > * > > L4 > > > > - > > - > * * > > >

332,673

384.274
432,92

523,962
584,137

C 4754136

725,273
816,153
855.593
247,358
100%.82
10946.93
1204.52
12391 .63
127321
135529
1337.12
1322.06
1357.26
134946
1360.88
1331.98
1264.70
1274,42
1321.29

332.673
393.:354
438.853
S907.804
982,990
654.573
733.318
812.980
872,494
P53.344
1028.63
1060, 22
1134.30
1172.80
12324.84
1262.51
13296421
1320.72
1345.54
1390.,462
1409.99
142527
1457.10
1421.82
1421 .37

CACTUAL. AND PREDICTED VARIABLES. ..

CORRELATION COEFFICIENT
(SAUARED

ROOT-MEAN-SQUARED ERROR

MEAN ARSOLUTE ERROR =

MEAN ERROR

oase

i

+ 2844
+ 2690

43.93

"'(?0 053

289,093
327.017
381.812
440,644
498,843
979,942

6264636

7054156
743510
B19.465
881.569
?468.590
10358.78
1118.96
1191.72
1305.29
1402. 464
145427

1592.04

170224 .

1804.62
1878.09
199,70
2200.93
2425.89

COMPARISON OF AGTUAL AND PREDICTED TIME
L RRRRRORK R R SRR ok R AR KKK K KoK kK Sk ok ok

RAEQUI

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED =

THEIL"S INEQUALITY COEFFICIENT =

FRACTION OF ERROR DUE
FRACTION OF ERROR IUE

FRACTION OF ERROR DUE

TO RIAS =

TO DIFFERENT VARIATION =

TO DIFFERENT CO-VARIATION =

ALTERNATIVE LECOMFOSITION (LAST 2

COMPONENTS
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY =

FRACTION OF ERROR DUE TO RESIIUAL VARIANCE =

289.093
334.744
369.953
427,063
497.874
962,278
633.586
702.414
758.199
824,642
897.997
?36.172
PP7.047
1048, 49
1146.47
126201
1359.72
1452.80
1578.32
1728.54
1849.465
2009,63
2299,.31
2455.49
2609 .44

SERIES

RAEQUIS

05422

.302%E"01
+19210E-01
«S9683E~01

2241

1033
V8776




1970
1971
1972
1973
1974
1975
1976

TABLE 5.19

SIMULATION: PREFERRED EQUITY

RAPE

RAFES

AFE

AFES

/119
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70,1185

113,967

149,316

C149.364

162.086
181.864
1846.718

701185
114.815
142.824
160.377
1714376
178,269
182.588

82,2490
141.664
197.993
210,603
2E5.772

314.079

82,2490
142,715
189,385
204,131
270,431
307,870
335,232

342.814

COMFARISON OF ACTUAL AND FREDICTED TIME SERIES
******#**$#*$**$$#$**%$*******$**$*******u$$#*

ACTUAL AN FREDICTED VARTABRLES .. RAFE RAFES

CORRELATION COEFFICIENT = L9863 L |
(SQUARED = L9728 . |
ROOT-MEAN-SQUARED ERROR = 64329

MEAN ﬁﬁSOLUTE ERROR = - 5,082

MEAN ERROR = —+ 9902

REGRESSION COEFFICIENT OF ACTUAL ON PREDICTEI = LW R877

THEIL"S INEQUALITY COEFFICIENT = ¢ 2108E-01 l

FRACTION OF ERROR DUE TO BIAS = VRA4TE=0,

FRACTION OF ERROR DUE TO DIFFERENT VARIATION = L GPE7E-04

FRACTION OF ERROR DUE TO DIFFERENT CO~VARIATION = P75

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY = +G394E~-02
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = +2701

sy BN gt e




TABLE 5.20

SIMULATION: FINANCIAL CAPITAL

RAVAK

RAVARS

AVAK

AVAKS

/120
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1962 . vt e 40 G966 G40 483,633 483,633
1963 s G0.323 483,391 SiSiE . 420 813466
19564 . 747,012 770,332 LRP 73N 649, 390
19855 . 842,126 887.838 708,228 7446672
1956 . P40, 46465 1024.5¢9 803.328 875.000
1957 . 1076.63 11546.63 24,827 PR3 541
1958 + 117076 1293.73 1011.%54 1117.80
1959 . 1338.65 1420.19 1154659 1227.04
19460 . 1450.13 1557 .85 1260.16 1353%3.78
1941 . 140762 14687403 1390.60 1459.28
19462 . 1720.75 1811.71 1502.22 1581.62
1963 . 18%6.65 1898.87 14639 .42 1674670
1964 . 2014.463 2014417 1770.86 1770.46
19465 . 2100.04 2112.16 1877 .44 1888.27
19466 . 2213.87 2238.00 2072.18 2094.77
1967 . 2377.76 2309.81 Q37776 2309.981
1948 . 2415.6%0 2373.48 2534, 01 2489.78
1949 . 2481 .33 2416.66 27247 2658, 32
1970 . 2503.149 244351 293620 - 28646.24
1971 . 254750 203796 316655 3104469
1972 . 299078 2580.04 343534 342113
1973 ¢ 259977 2614.82 366567 368490
1974 . 2489.79 267421 3928.88 4219.91
1975 . 29504.42 2605.49 4411 .49 4499, 68
1976 N 2612.90 2599 .20 4797 .29 4772.13
COMFARISON OF ACTUAL AND FREDICTED TIME SERIES
KK RO RN SKORR K R KR e RO K KR KKK FOIOR KRR HOR R Kok sk kKoK
ACTUAL ANDN FREDICTED VARTIARLES . .. RAVAK RAVAKS
CORRELATION COEFFICIENT = P98
(SQUARERD = PPER
ROOT-MEAN-SQUARED ERROR = 69 .00
MEAN ARSOLUTE ERROR = 33.86
MEAN ERROR = ~32+35
REGRESSTION COEFFICIENT OF ACTUAL ON FREDICTED = 1.027

THEIL"S INEQUALITY COEFFICIENT = +1759E-01

FRACTION OF ERROR QUE TO RIAS = : + 2199
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = -+ P238E-01
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION. = + 6878

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR IUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY = +7250E~-01
TERAGTION OF ERROR DUE TO RESIDUAL VARIANCE = +7076
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1 (})r,:'
1953
19%4
1955
198 é
1957
1988
19869
1960
1961
1962
1943
1964
1965
19466
1967
19268
19469
1970
1971
1972
1973
1974
197%
1976

P T T I R L I A A S A S G A

ACTUAL ANH FREDICTED VARIARLES. ..

CORRELATION COEFFICIENT

ROOT~-MEAN-

MhAN ARSOL

MEAN ERROR

TABLE 5.21 /121

STIMULATION: TOTAL OPERATING REVENUES

RTOREX

235953

260,743

281.940
313.834
345.969

371,222

392,313
444,424
4714939
500.818
H37.481
G63.369
597o€2b
637415

668»223
702,035
728.282
774.079
833,529
881.251
928.898
78,751
P96.560
1040,42
1106.04

COMFARISON OF ACTUAL
*******ﬁ***$$******%************#*********$***

REGRESSION COEFFICIENT OF

FRACTION OF ERROR

FRACTION OF ERROR

RTORES TOREX TORES

236,064 184,398 184,485
265,591 201,963 205.718
284.74G 219.374 221,542
311.734 244,900 243.261
340,084 273.975 269,315
365097 302.986 298,395
384,546 328.818 . 322,307
438.174 376,600 371 .308
462,973 404.848 3974140
491 .747 4386057 425,801
H29.922 470,995 4644371
w89, E20 SO2.977 4994364
G98.373 G42.772 H4Be 724
63654343 92,961, 92,204
6774122 645,047 6'3 638
711.330 702,035 711,330
745,180 708,478 775, 332
780,581 842.090 . 849,163
834,428 P36+ 633G P37.871
8923.088 1018.,79 1032.47
P35, G549 1125.42 1133.47
?79.310 127520 127%.93
1021.77 1440.12 - 1476, 5%
1041 .52 166%G.87 16674464
110%.83 1903.,92 1903.57

. AND PREDICTED TIME SERTES

RTOREX RTORES
= L9996 ;
(SQUARED = f 9993 l
SQUAREL = 8,325
UTE ERROR 64178 l
= 1,513 ey
ACTUAL ON FREDICTED = L9840 ‘&
THEIL"S INEQUALITY COEFFICIENT = vO146E~02 'I
ETO RIAG = » 3ZOGE-01
2 TO DIFFERENT VARIATION = ' 2474 I

FRACTION OF ERROR

ALTERNATIVE

ERIROR

TO DIFFERENT CO-VARIATION =

DECOMFOSITION (LAST 2 COMFONENTS) , .
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSTION -
COEFFICIENT FROM UNITY = n

FRACTION OF LUE TO0 RE

)

+ 2588

STHUAL VAKRTANCE =  m




TABLE 5.22

SIMULATION: TOTAL OPERATING EXPENSES

RTOE

RTOES

TOE

/122

TOES
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1952 . 224,616 224,616 133,156 132,010
1953 . 237.034 242,367 1464347 149,772
1954 . 253,786 255,942 161.456 163,114
1955 . 278,729 275,331 182,033 180,416
1956 . 306,308 300,942 206,091 202,669
1' 1957 . 332,496 331,125 232,304 231,362
= 1958 . 346.888 339,729 252,205 247,039
X 1959 . 359,000 358,494 270,758 269,706
II 1960 . 365,836 360,229 287,120 282,558
1961 . 372,495 369,302 301,350 298, 615
1962 . 387.378 392,568 322,017 325,927
l 1963 . 408,106 404,848 347,296 344,242
1964, . 4R3.729 412,183 366,487 356,529
1965, . 447,490 426,039 397,631 378,520
1966 . 464,943 452,290 436,585 424,708
l 1967 v 465,943 472,771 465,943 472,771
| 1968 . 474,719 482,048 502, 783 510,444
1969 . 512,398 496,224 574,881 557,000
II 1970 - . 516,891 511,489 623,932 617,217
| 1971 . 538,865 525,454 691,963 674,522
972 e HA7.543 = -548,983 - - - 763,736 - 763,193
; 1973 . 584,874 584,624 872,980 872,168
1 3 1974 602,680 623,288 100726 1041 .87
1975 . 629,001 642,071 117162 1195,83
l 1976 . 678,559 6674056 136768 . 1343.51
: COMFARIGON OF ACTUAL ANI' FREDICTED TIME SERIES
R RRIRR KRR AA KR AR KRR AR KA KA KKK KKK
II ACTUAL AND PREDICTED' VARIAELES. .. RTOE RTOES
‘ CORRELATION COEFFICIENT = 9972
I | (SQUARED = 9945
ROODT-MEAN-SQUARED ERROR = 9,509
' ' MEAN ABSOLUTE ERROR = 7.368
I MEAN ERKOR = - 2,412
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = L9920
l’ THEIL'S INEQUALITY COEFFICIENT = +1064E-01
FRACTION OF ERROR DUE TO BIAS = L 6432E-01
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = L 4665E-0R
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = V9310

ALTERNATIVE DECOMPOSITION (LAST 2 COMFONENTS)
CFRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION ‘
COEFFICIENT FROM UNITY = +1082E~01
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = 2249




1952
1953
1 54
193

193G 6
19G7
1938
1939
1960
1961
1962
1963
1964
19635
1966
19467
19468
1969
1970
1971
1972
1973
1974
1973
1976

ACTUAL AND FREDICTED

- CORRELATION COEFFICIENT

ROOT-MEAN~

iO'OOOiOiOil"“.“”'....0'0'0000"000900005"0000000600000000

SIMULATION: NET OPERATING REVENUE

TABLE 5.

23

MEAN ARSOLUTE ERROR =

MEAN ERROR

FRACTION OF ERROR

FRACTION OF

FRACTION OF

. 11,3367 11,3367 51,2420 52,3877
. 237093 18,3764 55, 6153 52,1907
. 28,1734 26,0179 57,9186 Eié 4 2601
v 35,1047 38,5028 62,8669 64,4840
v 39,6606 45,0268 67 8844 71,3062
. 38,7257 40,0967 70,6815 71,6234
. 45,4251 52,5841 76,6123 81,7790
. 85,4244 85,9301 105,846 106,899
' 106,123 111,731 117,728 122,290
' 128,324 131,516 132,307 135,042
. 150,103 144,913 148,978 145,068
. 155,463 158,721 155,681 158,735
N 173,597 185, 143 176,285 186,243
. 189,666 211,117 195,330 214,440
. 203,280 215,933 208,462 220, 339
. 236,093 229,264 236,093 229,264
. 254,263 246,934 255 . 695 248,034
v 261,681 277,855 267,209 54090
. 316,638 322,040 312,704 - 319,420,
. 342,386 55,797 326,824 344,266
v 381,355 379,915 361,680 362,20
. 393.876 394,126 402,225 403,017
. 393,885 373,277 432,866 398,249
. 411,416 398,345 494,246 470,038
. 4R7.482 438,985 536, 248 560,419
COMPARISON OF ACTUAL AND FREDICTED TIME SERIES
KRR KA KK KA KKK KA KA K KKK KARAK A KKK AA KKK
VARIABLES . ., RNOR RNORS
= L9978
(SQUARED = 9956
SQUARED ERROR =  9.509
74368
= -2.412 -
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 1,003
THEIL'S INEQUALITY COEFFICIENT = 1995E-01
FRACTION OF ERROR DUE TO BIAS = +6432E-01
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = + GADTE~02
DUE TO DIFFERENT CO-VARIATION = 9292
ALTERNATIVE DECOMPOSITION (LAST 2 COMPONENTS):
ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY = o + 2304E~02
ERROR DUE TO RESIDUAL VARIANCE = 9334

RNORS

NOF:
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NORS

| i

I




TABLE 5.24

SIMULATION: INCOME BEFORE UNDERLISTED ITEMS

RIRUI

!00!00000000!!00!0!!!'(00!000000000!00000{00000‘000000!!!0!00&0

1omp

RIRUISG

IrUI
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IRUIS

. 14,1071 1441071 53,4070 54,5528
1953 . 27,0685 21,7355 58,2172 54,7927
1954 . 33.1871 31,0316 61,8194 60,1609
19515 . 40.1407 43,5388 b6 7967 68,4138
1956 . 46,6268 51,9930 73,4010 76,8228
1957 . 47,3214 48, 6924 776972 7846391
1958 . 53,5495 60,7085 83,4218 88 . 5865
1959 . 94,4804 94,9862 113,521 114,573

1960 ‘ 114,256 119,863 124,704 129,266 .
1961 . 136,002 139.214 138,972 141,708
1942 . 158,585 153, 395 156,411 152,501
1943 . 164,888 168,146 164,093 167,147
1964 . 183,969 195 515 185,710 195,669
1965 . 200,084 221,535 205,025 224,136
1566 . 215,709 228,362 220,460 232,337
1967 . 256 4135 249,306 2564 135 249,306
1968 . D75 333 268,004 277618 269,957
1969 ‘ 282,345 298,519 289,689 3074570
1970 ‘ 338,517 343,919 337290 344,005
1971 . 368,152 381,562 356,611 374,052
1972 . 407 . 935 406,494 393,863 394,427
1973 ‘ 424 ,00: 424,273 441 503 442, 295
1974 . 424,769 404,161 477,494 442,879
1975 . 444,729 431659 547 565 523 377
1976 ‘ 465,374 476,877 6014475 625, 646

COMPARISON OF ACTUAL AND FREDICTED TIME SERIES

KRR AR KRR R R R AOK SRR AR Sk KRR K kKoK .

ACTUAL AND FREDICTED VARIABLES... RIRUI RIBUIS I

o [

CORRELATION COEFFICIENT = 9981 '
(SOUAREL = RV |
ROOT-MEAN-SQUARED ERROR = P 509 | ;
1

MEAN ABSOLUTE ERROR = 74368
MEAN ERROR = ~24412
REGRESSTON COEFFICIENT OF ACTUAL ON FREDICTEI -= 1,004

THEIL*S INEQUALITY COEFFICIENT = « 1853E~-01

FRACTION OF ERROR DUE TO RBIAS = +6432E-01
FRACTION OF ERROR TUE TO DIFFERENT VARIATION = L 7EH7BE-02

FRACTION OF ERROR DUE TO DIFFERENT CO~-VARIATION = + 2281

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
' CCOEFFICIENT FROM UNITY = ‘ 325402
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = + 9324




CORRELATION COEFFICTIENT

SIMULATION: INTEREST CHARGES l ‘
RINT _ RINTS INT INTS I
0.'0"0.."00".""0"’0..'""0'.0'"0""’0”’0."'0'.0'.’ |
1952 . 11,9627 11,9627 .05 ‘ ' |
1953 . 14,0158 13,2297 g.gééﬁg S:??@@? |
1954 . 15,0479 14,8295 9, 57331  9.45100
1955 . 15,6208 16,8003 10,2016 11,0087 ]'
1956 . 17,4872 19,2511 11,7658 12,9646
1957 . 19,7361 22,0880 13, 7890 15,4332 .
1958 . 21,1877 25,2203 15,4046 18,3393 ll
1959 . 24,7692 28,4477 18,6809 21,4020
1960 . 29,5005 32,1646 23, 1530 25 2094
1961 . IR, 9553 35,9004 26,6610 35’5;88 'I
1962 . 35,7106 39,6659 29, 6853 32, 9303 :
1963 X 38,1519 43,5371 32,4670 37,0196
1964 . 40,5309 47,3088 35, OG5S 40,9211 1
1965 . 42,4407 51,2363 37,7120 45,5315 l
1966 . 46,8253 55,4807 43,9694 5210973 j
1967 . 52,7498 59,4718 52,7498 59,4718
1968 . 57,5662 63,1966 60,9693 66,9193 l’
1969 . 64,3147 6645513 72,1574 74,7020 "o
1970 . 64,2015 69,3793 77 . 4968 83,7203 L
1971 . 67 902 72,3865 87,1941 92,9921 ?
1972 ' 73,0459 7%, 1946 © 101.888 104,535 L
1973 . T8 2563 7747948 1164805 116,060
1974 . 78, 7935 80,3244 131,687 134,277 ;
1975 . B6,3994 82,0034 160,934 152,708 '
1976 . 87,9584 83,3276 177,285 167,829 l
COMFARTGON OF ACTUAL AND FREDICTED TIME SERIES ll
SORAACK KR KA KKK K KKK KRR K K o ok oK ’
ACTUAL AND FREDICTED VARIARLES...  RINT RINTS

P04

+2810 ' l

it H

(SAUARED

ROOT-MEAN-BOUARED ERROR = 4,363
MEAN ARSOLUTE ERROR = 3,624 . A ' "
MEAN ERROR = -2, 785 ' |
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 1,006 l
THEIL"S INEQUALITY COEFFICIENT = L 419FE-01 o
FRACTION OF ERROR DUE TO BIAS = 4075 l
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = L 7144E-02 |F
FRACTION OF ERROR DUE TO DIFFERENT CO-VARTATION = 5854

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)

FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION ,
COEFFICTENT FROM UNITY = ‘ _ +9762E-03 1P
FRACTION OF ERROR DUE TO. RESIDUAL VARIANCE = V5916



-

THETL "G INEQUALITY COEFFYICIENT =

FRACTION OF ERROR

FRACTION OF ERROR

DUE. TO RIAS =

DUE TO DIFFERENT VARIATION =

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION =

ALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)
FRACTION OF ERROR DUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY =

LREVIE-0L

i
+BP23E-04
T e 3143E-02

2968

+1209E-01
2808

/126

\

l TABLE 5.26
- 'SIMULATION: TAX BASE
‘ RTAXBASE RTAXBASES TAXEASE TAXBASES
' "0."”“‘"l."(".””’."’.""”Q000lf."".”’#."#.’.#("‘.i
1952 . 78.1278 80,8591 46,3154 47,5221
ll 1953 . 80,2766 75, 4378 49 5637 46,6173
1954 . 82,1237 79 54687 B9, 2461 50,7099
1955 . 84,6587 87, 6056 56, 5950 57,4050
1956 . 9146070 94,827 61 46352 63,8582
1957 . 91,4715 90,4601 63,9082 63 . 2059
' 1958 . 93,5594 9. 6072 6840173 70,2492
n 1959 . 125,748 123,843 94,8396 93,1709
Il—ww~~w19éo e e 109,399 S 1RD 635 - 101,551 104,037
1961 . 138,807 139, 352 112,312 112,679
1942 . 152, 448 144,017 126726 1194569
ll 19473 . 154,673 153,057 131626 130,127
1964 . 174,185 178.904 150, 655 154,748
1965 . 188,292 201,037 167313 178,614
1966 . 187,954 191,946 1764490 180,240
'l 1967 . 203, 385 189, 835 203 . 305 189. 835
1968 . 204555 191,742 216,648 203,037
| 1969 . 193, 868 207459 217,531 232, 868
-ll 1970 . 215, 203 215,699 2EG, 793 260 205
1974 . 209,808 219,001 269, 417 281, 130
1972 . 209,339 208,526 261, 994 289,890
1973 . 217,540 218,674 394,698 394,234
| 1974 . 206,910 184,621 T4, 509 308,607
1975 . 207,579 199,010 286 . 651 370,649
I 1974 . 210, 458 227,308 424,190 457,817
- COMPARISON OF ACTUAL ANI FREDICTED TIME SERIES
- SRR K R AR R K R s ok S SR sk K
ACTUAL ANI FREDICTED VARTAELES. .. RTAXBASE RTAXEASES
CORRELATION COEFFICIENT = L PH63
(SQUARED = L9709
ROOT~MEAN-SQUARED ERROR = 8.534
MEAN ARSOLUTE ERROR = 6o 19 %
MEAN ERROR = CBOGLE-O1
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = Ve




TABLE 5.27 _ /127

SIMULATION: INCOME TAX

RINCTAX RINCTAXS INCTAX INCTAXS

LA S R I R I I A R A A R I A I I R A A I N I I I A R S N N E R E R ]

1952 . 40,0544 40,0544 23,7450 23.5407
1953 . 3647907 35,3852 22,7150 21 BHHTG
1954 . 37,2484 3643004 2346970 23,1346
1955 + 3746937 392.5844 24,6170 25,9385
1956 . 396628 42,7400 26+ 6860 28,7832
1957 N 39.8917 40,5649 27.8710 28,3433
1968 + 40,0495 43,4031 29,1180 31.0611
1959 ’ 992.0771 G642081 44,5560 42,2870
1960 + 61,2092 60,3367 48,0390 47 « 3272
1961 N 675163 63.4950 94,6210 91,3415
1962 . 73.9119 6546900 61,4410 ' 54,5386
1963 ’ 74,4212 699383 63,3320 99.44686
1944 . 823745 82,1258 71,1600 71,0349
1965 + 88,3353 P2,854%5 78,4930 82,2313
19466 . 86,9470 g8.2705 81,6440 82.8875
1967 v ?1L.5640 B7.27%8 2135640 87.2758
1248 . P2.8339 88,1746 28,3220 93,3687
1269 . ?2.5493 P5.5801 103.83% : 107,286
1970 . 104,823 P9+ 4628 126 G311 120,022
1971 s P5.1054 . 101.01¢9 22,124 129,677
1972 . 20,7349 ?6.0830 1264561 133,574
1973 + 100,140 100.864 149,448 150,477
1974 + 96,2140 84.8188 160,802 141,781
1975 + 93,3701 PL.3992 173.918 170,600
1976 . 2.1312 104,933 185,496 211,343
‘ COMPARISON OF ACTUAL AND PREDICTED TIME SERIES

- KKK AR KoK KoK R kR OK sk sokskoleiok sokoR ok SoRORROR 0K

ACTUAL ANII FREDICTED VARIARLES. .. RINCTAX RINCTAXS

CORRELATION COEFFICIENT 19790

i

(SAUARED « 2585
ROOT-MEAN-SQUARED ERROR = 4,890
MEAN GBSULUTE‘ERﬁUR = 3.712
MEAN ERROR = + 3235
REGRESSTON CUEFFICIENT OF ACTUAL ON FREDICTED = - ) L9706
THEIL"S INEQUALITY COEFFICIENT = + 3210E-01
#RACTIUN OF ERROR DUE TO BIAS = + 436BE~02
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = + 1802E-02

FRACTION OF ERROR DUE TO NIFFERENT CO-VARIATION = + 9938

ALTERNATIVE DECOMPOSITION (LAST 2 COMPONENTS)
FRACTION QOF ERROR TUE TO DIFFERENCES OF REGRESSION
COEFFICIENT FROM UNITY = L e 207BE~01

_FRACTION OF ERROR DUE TO RESIIUAL VARIANCE = + 9749

PN B

e




TABLE 5.28

/128
SIMULATION: INCOME BEFORE EXTRAORDINARY ITEM

RIRBEX RIREIS IBEY IREIS

0000'00000000000000000‘000!’0000000000000000OOQOOQOOOOOOOOQOOXO.
.

al B By am o N e R o U = . v mm ... aE N R @
.

1952 ' 38,0731 40,8045 22,5704 23,9814 .
1957 ‘ 43,4859 40,0524 26,8487 24,7508
1954 o= oo 44,8753 43,2682 28,5491 27,5753
1955 . 48,9650 48,0210 31,9780 31,4666
19564 . 51,9442 52,0826 34,5492 35,0750
1957 e 51,5799 49,8952 36,0372 34,8625
1958 ‘ 5345029 53,2041 38,8993 38, 6881
1959 ' 66,6713 67+ 6352 50,2836 50, 8839
1940 ' 68,1825 7202981 53,5119 5647095
1961 ' 7143105 75 8569 5746905 61,3372
1962 ' 785360 78,3272 6542649 65, 0305
1963 ‘ 80,2519 83,0985 68,2939 70,6586
1964 ‘ 91,9109 9647779 79,4946 83,7106
1965 ' 99+ 9E70 108,483 88,8198 96 . 3828
1966 . 101,007 1034675 P4.,8463 97+ BEHR7
1967 ' 111,821 102,559 111,821 102,559
1968 . 111,722 103,568 118,324 109,669
1969 . 101339 111,879 113,696 125,581
1970 ‘ 110,400 116,236 133,262 140,263
1971 ‘ 114,702 117,982 147,291 151,453
1972 ‘ 1184604 112,443 165 435 1564318
1973 ' 117,400 117,809 175,230 1754757
1974 ' 110,694 ?9.8017 185,007 1664826
1975 . 114,209 107,411 212,733 200,049
1976 ' 118,326 1224375 238,494 246,474
COMPARISON OF ACTUAL ANI PREDICTED TIME SERIES
FORKRKRRIRIOKIR KR RRRAR AR KRR KRRk Rk kok ko Kok ok
ACTUAL AND PREDICTED VARTAELES. .. RIRET RIBEIS g
CORRELATION COEFFICIENT = +9BR0
(SQUAREL = 9642 :
ROOT-MEAN-SQUARED ERROR = 5,304 o
. . i
MEAN ARSOLUTE ERROR = 4,199 2
MEAN ERROR = - 2429
|
REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED = 2828 !
THEIL*S INEQUALITY COEFFICIENT = 2968E-01
FRACTION OF ERROR DUE TO EIAS = V209 7E~02
FRACTION OF ERROR DUE TO DIFFERENT VARIATION = T LROVHE-04
FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = 9979 s

ALTERNATIVE DECOMFOSITION (LAST 2 COMFONENTS)
FRACTION OF ERROR LUE TO DIFFERENCES OF REGRESSTON
COEFFICIENT FROM UNITY = +B16PE-02
FRACTION OF ERROR DUE TO RESIDUAL VARIANCE = L2897



SIMULATION: NET INCOME AFTER EXTRAORDINARY ITEM

TABLE 5.29

RN19

RN19S

NL®

/129

N198

LIRS I R BN B IR A BRI I IR DR BE BN N B NN BN B IR R 2K N IR IE IR 2N K R DR 2R IR IE X R BN BN B BE IR IR KRR IR 2N IR 2N BE AR BK BE A 2R R 2R 2R R R B A

40.8045

1952 . 38.0731

1953 . 43,4859 40,0526
1954 ‘ 44,8733 43,2682
1955 . 48,9630 48,0210
19964 . 91.9442 S52.08268
1957 . 315799 49,8952
1968 + 53.+3029 LG3.2041
1959 . 666713 A7+ 6352
19460 B 68,1825 72,2981
19261 . 71,3108 75.8569
1962 . 78,0340 78,3272
1963 . 80.2519 83.098%
19464 . 21,9109 PH4777%
19635 . 99.9970 108.483
1966 . 101,007 103,675
1947 + 111.821 102,559
1948 . 111,722 103,568
1969 ’ 101,339 111.879
1970 . 110.400 116,236
1971 s 114,702 117.982
1972 ’ 117.8835 111.4694
1973 . 121.542 121 .96
1974 . 110. 494 ?9.8017
1975 . 172,040 165,243
1976 + 118,326 122,375

ACTUAL AND FREDICTED VARTABILES , +

CORRELATION COEFFICTENT
: (SQUARED

128466
+ 9733

i

ROOT-MEAN-SQUARET ERROR

it

G+ 305

4,199

MEAN ARSOLUTE ERROR =
MEAN ERROR = -2 2429

REGRESSION COEFFICIENT OF aAcTUAL ON FPREDICTED

THEIL*S INEQUALITY COEFFICIENT =

FRACTION OF ERROR DUE TO BIAS =

COﬁPARISON OF ACTUAL AND FREDICTED TIME SERIES
******$$*$********$****$*******************%**

RN19

FRACTION OF ERROR DUE TO DIFFERENT VARTATION =

FRACTION OF ERROR DUE TO DIFFERENT CO~VARIATION

22,5704 23.9814 l I |
26,8487 24,7508 :
28,5491 27,5753 .
31,9780 31.4666 '
34.9492 35,0750 ‘
36,0372 34,8625
38,8993 38,6881 l
50,2836 50,8839
53,5119 56,7095
57+ 6905 61.3372
65, 2849 65,0305 '
68,2939 70,6586 i
79,4946 83,7106 .
88,8198 96,3828 | I
94,8463 97,3527 |
111.821 102,559
118,326 109,669 I ‘
113,696 125,581 ‘
133,262 140,263 [
147.291 151,453 -
164,526 155,410 l A
180,626 181,153 |
185,007 166,824
305 . 351 297,446 .
238,494 246,474
RNLPS : '
- 1,003 .il
«2B49E~01 '
c2097E~02 '
PERLE~OR I
= , 9883

ALTERNATIVE DECOMPOSITION (LAST 2 COMPONENTS)

FRACTION OF ERKROR DUE TO DIFFERENCES OF REGRESSION o

COEFFICIENT FROM UNITY =

FRACTION OF ERROR DUE TO RESIDUAL

VARIANCE

- 19976

‘-

+ 234TE~0
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TABLE 5.30

SIMﬁLATION: DIVIDENDS ON PREFERRED SHARES

ROTVFR

ROTVFRS

DIVER

DIVHRS

/130

LR NE BB NN R B N I 2R IR 2R I N DN O B BN N BE BE NN BE NN BE I L 2 B R N R R IR BR NE EE EE EE IR N AE 2L IR BE B IR AN B A AR AR IR AR R R S 2 X

1970
1971
1972
1973
1974
1975
1976

S.07836
8.087G7
107956
107607
12,1754
13,5166

16.7580

- + & + + 2 &

COMFARISON OF ACTUAL ANI FREDICTED TIME SERIHS
ok R ok ook ook setok Beioioloklor ok sok ookl kookk

4.14822
B.43597
1141229
12.8067
13.8419
1485231
14.9370

ACTUAL ANIY PREDICTED VARTARLES. ..

i

CORRELATION COEFFICIENYT
(SRUAREX

ROOT-MEAN-SQUARED ERROR =

3

MEAN ARSOLUTE ERROR =
MEAN ERROR =

REGRESSTON COEFFICIENT OF

ACTUAL

O3NS
L8748

1332

141&%

~+P48BE~-01

THETL"S INEQUALITY COEFFICIENT =

FRACTION OF ERROF DUE TO RBRIAS

\--
y

G4 70600
P 3497¢
13,0798
14,0200
17.5944
24.844%5
28.8470

RITVFR

ON FREDICTEDR =

FRACTION OF ERROR DUE TO DIFFERENT VARIATION =

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION =

ALTERNATIVE DRECOMPOSITION (LAST
FRACTION OF ERROR DUE TO DIFFEREMCES OF REGRESSION.

COEFFICIENT FROM UNITY =
FRACTION OF ERROR DUE TO RESIDUAL VARTIANCE =

2 COMPONENTS)

4,68613%5
@.70257
134761
14,6858
20,0316
QIL.2EH38

28,7132

CRIDIVERS

PH6R

JHEBOE-01
«SO7RE-02
.8699E~03

+ 2869

08461E“02




SIMULATION: NET INCOME APPLICABLE -TO COMMON SHARES AFTER EXTRAORDINARY ITEM

TABLE 5.31

/131

0‘000000000000#060000000000000000000000000000000000000000001’..

1952
1953
1954
1955
1956
1957
1948
1959
19260
1261
1962
1963
19464
1965
19466
1967
19468
19469
1970
1971
1972
L1973
1974
L1975
1976

PO T e e I I I I I AR R . 4

ACTUAL

CORRELATION COEFFICIENT
(SQUARED

ROOT~MEAN-SQUARET ERROR

MEAN ARSOLUTE ERROR =

MEAN ERROR

RNT21

38.0731
43,4859
44,8753
48,9650
S1.9442
91,5799
S3.5029
666713
68,1825
71,3105
78.5360
80,2519
21,9109
PLL.RG570
101,007
111.821
111,722
101,339
105,321
106,615
107.059
110.781
?8.5211
15946.524

101,568

RNIRLS

43,3822
A2, 6303
45, BA59
50,5987
54,6603
52,4729
55,7818
70,2128
74,8757
78, 4344
BO L5049
85,6762
99 4 3556
111,060
106,253

105,137

106,145
114,456
112,088
109546
100,571
109,144
85,9398
150,720
107,438

NI21

22,8704
24,8487
28.75491
31,9780
34,9492
36,0372
38.8993%
G0 2836
S3.81L1L9

G760

65,2849

SR RAVIY
79.4946
88.8198
94,8463
LaL.a2i1
118,326
113,696
127.506
137.941
181,447
L6b 606

167,412

280,486
209.647

NIZ218

25,9959

RE6.7474 .

29,5808
33,4781,
37,1163
36,9664
40,8485
53,0683
58,9207
63,5693
67,2894
72,9592
86,0529
98,7816
99,8409
105,137
112,351
128,386
L35, 601
141,700
141,933
164,468
146,795
269,393
220,761

COMFARISON OF ACTUAL AND FREDICTED TIMEASERIES
FeoksokgokoskooktoksoleokskorokoiololeiRORORK ok SOk kskokokstokskorok sox ok

AMD FPREDICTED

ssse
=

Hou

#

VARTARLES . » o

2790
$ P08
G220

e 242

-2s Q72

RMNITZ2

REGRESSION COEFFICIENT OF ACTUAL ON FREDICTED =

THEIL'S INEQUALITY COEFFICIENT

FRACTION 0O

FRACTION OF ERROR DUE

FERROR

i

TO RIAS =

TO DIFFERENT VARIATION =

FRACTION QF ERROR DUE TO DIFFERENT CO-VARIATION

CALTERNATIVE DECOMFOSITION (LAST 2 COMPONENTS)

FRACT

FRACT

TON OF ERROR DUE

TO DIFFERENCES

COEFFICIENT FROM UNITY

TON OF ERROR

NUE

TO RESINUAL

OF REG

VARTANCE

RNI218

1,010
L BATOE-01
L1108
s 2004E-01

= +B6Y91

RESSTON
LV L99RE~02

= .8872




SIMULATION:

TABLE 5.32

1952
1953
1954

1955

19856
1987
1958
1959
1940
1941
19462
1963
19464
1965
194646
1947
1948
1969
1970
1971
1972
1973
1974
T Ae7E

RETURN ON TOTAL CAPITAL

RETURN

+ 61331 7E-Q1

cEALHO0E~01

+HO0G377E-01
+SRPGGESE-01
8151 8E-01
+ 338762601

+G36BAGE-OL

L A08372E-01

+ HOGUBEE QL
+O32201E-01

e61AS612E-01

cBA58H2E-01
+HT7IVSLEOL
s HEPPORE~0L
WGP2L27E-01
s 707958 E-01
+6BOPLEE~QI
e ZLF7REE-0L
+7H0507E-01
e 77EHGLOE-01
LBLLI3PSE-01
+BOLHOBSE-OL
+ 105693

RETURNS

Tt PIEIPEIAIEIEEPEELPIEPIEPEE L O

cHAL232E-01
e SGHG61E3E-0
e G701 70E-01
s SHBBE2E-O
cSA49024E~01
s G06227E~01
LF10178E-01
L SBPLOBE-O1
+HOE2EHBE~0
2 H19250E-01
+GLPBB2E-01
+HAR20ZE-01
s 703PEH2E~01
fZH1EOZE~0L

« 713445101

+701489E-01
e Z7QP2LIE-01
¢ 7HIA2LE-01
+ 7814854101

¢ 7744642E~01.

+7UP822E-01
+B0813GE-01
713G BE-01

/l31la

LI R T T T T T ST I R YR TR T TR T T BT T I IR R R

1976 +BEEEPSE-OL +B4BL70E-0L

'NEOﬁPﬁRISDN OF ACTUAL AND PREDICTED TIME SERIES
ook kool okokoksiololokekskokoksioksiok koo ook kg
ACTUAL AND FREDICTED VARTARLES...

RETURN RETURNS

CORRELATION COEFFICTENT = 19264

t

(SQUARED = L8582
ROGT-MEAN-SQUARED ERROR = VAT E-02

MEAN ARSOLUTE ERROR = + 344702

MEAN ERROR = +1401LE~04

REGRESSION COEFFICIENT OF ACTUAL ON PREDLCTELD = ' ;éi??
THEIL"S INEQUALITY COEFFICIENT = ‘KIE?HW01>
FRACTION OF ERROR DUE TO KIAS = ¢ 10O34E~04

FRACTION OF ERROR DUE TO DIFFERENT VARIATION = S G7PBE~Q3

FRACTION OF ERROR DUE TO DIFFERENT CO-VARIATION = L ROP4

ALTERNATIVE DECOMFOSITION (L.AST 2 COMPFONENTS)
FRACTION OF ERROR RUE TO DIFFERENCES OF REGRESSTON
COEFFICIENT FROM UNITY = s A6R1E~Q1
FRACTION OF ERROR DUE TO RESIDUAL VARTANCE = +P038
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CHAPTER VI /132 l

MODEL FORECASTS

In this chapter we produce forecasts for the period 1976-

1983 with the real modéls of Chapter IV and the financial and income

o model of Chapter V. 1In these forecasts the main endogenous variables ]I

are forecasted under two alternative future price regimes for
telephone services.

For the forecasts, we need besides the price of the butputs,
forecasts for the price of factor inputs and the other exogenous
variables of the real énd fiﬁancial model. The forecasts used

for all these variables is discussed in the Appendix.

1. Forecast with Constant 1979 Nominal Prices of Services

In this simulation, we assume that the nominal 1979 estimated
price of each telephone service does not change in the whole period.
We have actual prices for 1978 and the 1979 priceé‘ére estimated
using the allowed price increases of the last raté case. In this
set of forecasts we have assumed a 10.5%>price increase in Local
Services, a 6.3% increase in the price of Toll services and a 15%
increase in the price of Other Toll sérvices. The lower increase
in the price of Toll services reflects the fact that the authorized
price increase affects only Intra-Bell Traffic.

In Tables 6.1 and 6.2 we present the demand.forgpasts with
constant nominal prices. Actual values are used for demand for
Toll services up to 1978 and'for Local and Other Toll services up
to 1977. Furthermore, the 1978 wvalues for the latter two services
were obtained using actual value of revenues and an estimate of 
the price index of these services. Thus, in effect the fore-
casts with the demand equations are done for the period l978-l983.>

For purposes of comparison we present also the actual values of

oo e e s S ~ .- Planaat e . = S e

—e . et
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TABLE 6.1

SIMULATED VALUES OF LOCAL AND TOLL SERVICES:

CONSTANT 1979 NOMINAL PRICES

GLUC(Yll) FLOGC REVI.OC

- N - . .- - .- 5 - -

‘L()}’)

1973
1974
1925
1976
1977
1978
Le7e
1280
1981
1982

1983

1972
1973
1974
1978
1974
1977
1978
Le7o
1980
1981
1982
1983

G979.800
625,500
679400
734,300
779.700
820,500
?00.300
9hd4.,387
1021.38
1092,95

116867

1247 .72

RTOL (yq,)

333273
385,109

- 440,917

w00+ 113
36231
G79.637
644,922

CO9T7 L 848

774268
B63.H3P
P63 212
1069, 60

1.08400
1.11600
1.14000
1419800
127000
1435000
1+40300
1.,49200
1.49200
1.49200
1.49200
149200

. FTOL

L+ L1010
1,13243
1+14576&
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SIMULATED VALUES OF OTHER TOLL SERVICES:

_QoTH (y,) -

: l
1972
1973
1974
1975
19764
1977
1978
1979
1980
1981
Lea2
19283

CONSTANT 1979 NOMINAL PRICES

P0.92000
108,000
119.800
138,500
156.700
171300
202.200
202,631
ARG V99
275,311
IR0, 211

~3468.004

FOTH -
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L+10670
1s L3540
Le24470

1+37860
L5010
1350100
1.50100
L+350100
1.%0100

95,0541
115,949
132,583
160,023
198 . 044
223,581
278.753
304,149
353 .9234
413241
480.636

GU2.373
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the variables for the period 1972-1976. From these demand fore-
casts we observe a substantial increase in Other Toll serviées,
an increase in Toll services and a smaller increase ih demand

for Local services. The results for Other Toll services reflect
the high price elasticity of the demand for Other Toll services
and the forecasted decrease in real prices of the services. This
decrease is implied by the constant nominal 1979 prices for the
service and the increasing Consumer Price Index.

In Table 6.3 we present the forecast for labour, raw materials
and capital requirements. As;ociated with the growth in output
from Tables 6.1 to 6.2 and the evolution of input prices we fore-
cast that labour requirements will be almost constant, and an
increase in capital and material requirements.

With these forecasted values for the real variables and using
the block triangular property of the complete model, we now fore-
cast the financial variables.

In Tables 6.4, 6.5 and 6.6, we present the forecasts of the
financial and income model for the variables in both real and in
current do;lars. In Table 6.4 we have the forecast of the (Average)
Preferred Equity (APE), Total Equity (AEQUI), Long Term Debt (ADEBT),
the sum of Equity and Debt (AVAK), Total Operating Revenues (TORE)"
and Total Operating Expenses (TOE). In Table 6.5 preéented are

the forecasts for Net Operating Revenues (NOR), Income Before

Underlisted Items (IBUI), Interest Charges (INT), Tax Base (TAXBASES),

Income Tax (INCTAX) and Income Before Extraodrinary Item (IBEI).

In Table 6.6 we have the forecasts for Net Income After Extra-

ordinary Item (NIG), Dividends on Preferred Shares (DIVPR), Net
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TABLE 6.3

SIMULATED VALUES OF LABOR, MATERIAL AND CAPITAL REQUIREMENTS:

CONSTANT 1979 NOMINAL PRICES

1972
1973
1974
1973
1976
1977
1978
1979
19280
1981
1982
1983

* * ¢ T s o ¢ e e e -

93,2074
98,1048
64,0903
64,0880
&5, 1868
3. 2671
66,4313
b6+ 3384
b6 3121
bbH 3493
6651344

65 6065

168,947
1774036
183,962
189 .444
195 G444
197+ 440
206,887
209,311
21%.802
222.938
230,126
236,680

3341 .96
3498, 44
BEHPT 07
376041
3207.90
4030.76
418%5.11
422520
438177
4544 .68

470838

4856 32




TABLE 6.4

FINANCIAL MODEL: SIMULATION WITH CONSTANT 1979 NOMINAL PRICES
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FINANCIAL MODEL: SIMULATION WITH CONSTANT 1979 NOMINAI PRICES
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FINANCIAL MODEL: SIMULATION WITH CONSTANT 1979 NOMINAI PRICES

TABLE 6.6

RNLYS

N198

ROIVERS

DIVFRS
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Income Applicable to Common Shares After Extraordinary Item
(NI21) and the Percent Return on Average Total Capital (RETURNS),

where

INTS + N19S5

RETURNS = AVAKS

As.expected, the rate of return on totai capital achieves
a peak in 1979 and then it decreases towards the end of the
sample period but achieving a value close to the one in 1976.

It should be noted that f£or the forecast of RAVAKS we used
a different relationship than the one described and used‘in
Chapter V, the reason being that the forecasted values of RAVAKS
obtained with the relationship of Chapter V were unreasonably
low,  and increasingly'so, due to the unstable autoregressive
process involved. Thus, in the forecasts we used the simple
relationship:n '

RAVAKt'= d, +d; K,

which when estimated gave

RAVAK, = 389.256 + .6552 . K
(4.3) (17.3) Y
R% = .929

2. Forecast with Constant 1979 Real Prices of Services

In this set of forecasts we keep the price of telephone
services constant at their 1979 levei.

In Tableé 6.7 and 6.8 we present the demand forecasts. If
we compare them with the ones from Tables 6.1 and 6.2, we see
that these values are lower. This is caused by the higher real
prices used in this forecast. Thus, via the price elasticities

we obtain a lower estimate for the quantity demanded. In Table

-: . — - ‘ . - ——. T -— . . . - ‘
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TABLE 6.7

SIMULATED VALUES OF LOCAL AND TOLI SERVICES:

1972
1973
1974
1978
1976
1977
1978
1979
1980
1981
1982
1983

1972
1973
1974
1975
1976
1977
1678
1979
1980
1981
1982
1983

CONSTANT 1979 REAL PRICES

QLOG

G79.800
GR25.G00
679400
734,300
779700
820,500
200300
4. 387

101l 67

L1072.64
L1336 .69

1202,92

QTOL.

333.273

385,109
440,917
G00.113
G36.231
579637
HA44.922
697868
7104346
728.991
749 .783
768,815

FLOG

1.08800
111800
1:14000
L+192800
1.+27000
1435000
L+A0300
1+49200
1.588663
1+68370

- 1.78404

1.8884%

FT 0L

1+110L0
113243
1.148576
1.184688
L+ 25437
128853
135489
1+36967

C1.454604

1854565
163776
1.73362

REW.OC

SRR HET
698,058
774,016

8B7B.223

R0, 219
1107.68
1263.12
1423 .94
LTO0G 1S
180&6.00
2027 .90
227168

REVTOL.

36987
436110
505,185
593,573
H72.+630
744,878
B7F.798
PEE . 851
1034, 60
1126.77
1227.97
1332.83
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TABLE 6.8

SIMULATED VALUES OF OTHER TOLL SERVICES:

~N

}-J

| 5
- s s s =

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

1983

CONSTANT 1979 REAL PRICES

QOTH

CR0LP000

108,000
119.800
128,500
156,700
171300
202,200
202,631
2120136
223637
235464
245,392

FOTH

1.04570
107360
1.10670
1.15540
1.24470
1.30520
1+37860
1.50100
Le8592620
1.49386
1.79480
1.89984

REVOTH

?5.0541

115,949
132.583
160,023
1985.044
223,581
278.7G3
304,149
338.4611
378.810

S AR2.411

466207




6.9 we present the forecasts for the factor inputs. 2as a
consequence of lower output values of this set of simulations,
we end up with smaller factor requirements.

The-forecasts for the financial and income model under
a regime of real 1979 prices are presented in Tables 6.10,
6.11 and 6.12, while in Table 6.13, we have the exogenous

forecasted variables for this financial model. Under this

. regime, the rate of return increases to reach 10.6% in 1983,

after a forecasted return in 1977 of 7.9%
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SIMULATED VALUES OF LABOR, MATERIAL AND CAPITAL REQUIREMENTS:

TABLE 6.9

1972

1973
1974
1973
1976
1977
1978
1979
1980
1981
1982
1983

. € + e« ¢ &

L R I

CONSTANT 1979 REAL PRICES

32076

58,1048

64,0903
64,0880
6. 18468
63,2571
66,4313
66,3384
63,3370
60,5956
U7 780%
G4.8675

168.967
177.036
183,952
189,444

19%. 544

197,440
206,887

209,311
206753
204,891
203.030
200,612

3341 .96
498,44
3693.07
376041
P07 .90

CAO0BO TG

4185, 11
4205, 2

ADEY A%
4934, 80
400,00
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1976
1977
1978
1979
1980
1981
1982
1283

1976
1ez7
1978
1979
1980
1981
19282
1983

1976
1977
1978
1979
1980
1981
1982
1983

TABLE 6.10

FINANCIAL MODEL: SIMULATION WITH CONSTANT 1979 REAL PRICES
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TORES
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TABLE 6.11

FINANCIAL MODEL: SIMULATION WITH CONSTANT 1979 REAL PRICES
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FINANCIAL MODEL: SIMILATION WITH CONSTANT 1979 REAL PRICES’
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TABLE 6.13 . /148

FINANCIAL MODEL: EXOGENOUS VARIABLES FOR FORECAST
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APPENDIX

FORECASTING OF THE EXOGENEQUS VARIABLES

In order to perform the simulation, we had to forecast a
number of exogeneous variables. The forecasts for Gross Provincial
Products at constant prices for the period 1978-1983 were obtained
from the Bureau de la Statistique de Québec (1979), and for Ontario
from Sawyer, J.A. et al (1978). For the Population of Ontario, we
also used Sawyer, J.A. et al (1978), while for the Population of

Quédbec we used Office de Planification et de D&veloppement du Québec
(1977) .

For the other variables, we used mixed autoregressive in-
tegrated moving average (ARIMA) processés. Following the-methodO*
logy of Box and Jenkins (1971), the processes were first identi-
fied using sample autocorrelations and partial‘éutocorrelations,
then estimated and finally fcorecasted (1977-86). The processes
adopted for each variable are indicated in Table A with the sample
period used for the estimation of each of them. Note that, for
some of the series, which did not exhibit a homogeneous behaviour,

we had to use shorter estimation periods.
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TABLE A
Logarithm 1 _

Variables Taken Process™ = Estimation Period
Canadian Consumer

Price Index (CPI) X ARIMA (0,1,0) 1952-76
Depreciation Rate

(DEP) ARIMA (0,1,0) 1952~-76
Miscellaneous

Revenue (MISCUR) ARIMA (0,1,0) 1971-76
Other Income (OTHI) x ARIMA (2,1,0) | 1952-76
Price of Capital

Goods (PK) X ARIMA (2,1,0) 1952-76
Allowed Price of ' | .

Capital Services (SK) X ARIMA (2,1,0) 1952-76
Technology Indicator

(TC) X. ARIMA (1,1,0) : 1952-76
Rental Price of

Capital (v) x. ARIMA (1,1,0) 1952~-76
Wage Rate (w) x ARIMA (1,1,0) 1965-76
Price of Raw :

Materials (m) X ARIMA (1,1,0) 1952-76

1

autoregressive part,

the degree of the moving average part.

In . the description ARIMA

(p,d,q), P

indicates the degree of

d the degree of differentiating and ¢
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