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FORWARD

Sir.George Williams Univursity and L'Ecole des Hautes Etudes.

. Commerciales affiliated to the Université de Montyéal jointly

established on June 2nd 1969 the International Institute of

‘Quantitative Economics (I.XI.Q.E.) to initiate original research

and promote international scientific collaboration in the field
of guantitative economics.

A major reorganization of the I.I.Q.E. took place in Apxril 1976

résulting in the adopting of a new policy statement and set of

objectives as well as the renaming of the I.I.Q.E. to the Institute
of Applied Economic Research (I.A.E.R.). Conseguently, the I.A.E.R.
located at the Sir George Williams Campus, has been established as-
Concordia University's institute for programs of socio—economic
research and training: related to both the develo ing world and
Canada.

Nations both rich and poor, individually and collectively
share many common domestic and lnternaulonal ‘problems, which
contribute to the growing threat of global deterioration.  Preminent
among these problems are the need for economic development of less

‘developed countries and the need for readjustments in the econcmic
policies of industrialized societies. Recognition of the importance

v

of these problems should lead institutions and interested indi-~

viduals to apply existing socio—-economic knowledgu to their sclution.

The I.A.E.R. believes that a major stép towards finding

-acceptable solutions to the above problems  is domestic and inter-

national cooperation. To this end; the I.A.E.R. utilizes the most
modern methods of scientific analysiu available, as well as the
services of internationally recognized experLs in the relevant
fields in: -

'l) dinitiating, organizing and implementing major econcmic research

Jprojects, at both international and Canadian levels, occa-
sionally in collaboration with other research institutes and
lntelested specialists;

2) organizingfseminars~and conferences on specific economic issues
‘ of particular international and Canadian interest:;

3) serving as a link between the Department. of Economics, . Sir
George Williams Campus and other Departments of Concordia
University and the Canadian private sector with the objective
of increasing the latter's awareness of; participation in
and support for applied economic reseaxrch.



. The I.A.E.R. believes that it has a necessary and useful :

S role to play in both Canada and the developing world, particularly
Latin America and Francophone Africa, given the accumutated
experience and expertise of its reseaxch staff.

" Professor V. Coxbo
Directoxr
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through price increases in its monopoly services. Until now i
C |

INTRODUCTTON

e

The purpose of this study is twofold. First to devélop

-'a;testable model of the functioning of a.regulated public utility,

in owr case Bell Canada. Second to use. the said model to develop

~a formula for automatic rate'aajustménts applied to the same

company .

In the development of a model to study the behaviour

of this Tregulated public utility we assume that Bell Canada

maximizes profits subject to a given production function and a

rate of return constraint. We study in detail the s§ecification
.of technology and we conclude that Bell Canada téchnology can be
approxiﬁated by.a Cobb«Douglas'productioh fuﬁction on Capital and
Labour. Our model belongsvto'the‘familf of models for regulatecd

firms subject to a rate of return constraint. If the constraint

Y

is binding then the Averch-Johnson effect as develobed By
H. Avéxch and L. Johnson (l962),_is present., This effect states
that a regulated firm will choose é capitalslabour ratio greater

than that which would be needed to minimize cost at the level of

output selected by the firmm, and that the firm will have an

incentive to serve competitive markets even if revenues fall S

: . . - . : Co |

below marginal costs in those markets, with the margina f
‘ |

|

~loss more than compensated by increased net revenues permited

|

little empirical analysis has been done to study the importance f\/
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~.Averch-Johnson éffect, the other related issue is to study how

of these distortions in the real world. Some tests have

’

been done in the U.S. for electric utilitles but none for

telecommunication industries, although in their original paper

sverch and Johnson had in mind the teléphone and telegraph

industry. . Our model will allow for‘testing of this effect in the

context of Bell Canada. After testinq for the presence of the

important is this effect in practiée._ For this, it is needed

to quantify in terms of dollax valuesrthe‘overfcapitalization

of Bell Canada. These computations are done here. - _ —T

Tt is well known that unregulated monopolies will create

ihefficiencies on the use of resources but also that regulation
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ent use of resources
(Pareto optimality) requires first‘efficientvcomﬁination

of inputs given the 1evel-of»dutpﬁt; which implies cost
minimization given social prices szipputs._ In the measure:
of costs to be minimized we include capital cost measured at’
its eqohomic (opportunity) cost which in the caseé of a reguiated
industry will usuvally be higherx than the implicit capifal cost

used for managerial decisions. Second it~requires efficient

scale of production, which 1npllcq that price equals ﬁarglnal cost

of production, with cost satisfying the first rule.
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In the case of a competitive firm, maximization of profits
gatisfies the two conditions for efficient use of resources; hence,

regulation. is not necessary in this case. However, in the case of

an unregulated monopoly, only the first rule will be satisfied as
the profit maximizing firm will set marginal revenue (instead of
price)7equal to the marginal cost; therefore it will produce less

output than what is the optimum one from the point of view of .

society. . Different regulatory devices have been proposed to

élimina?efthis inefficiency. These regulatory rules can also have
other effects on resource allocation ag developed in the pioneering
work of Averch and Johnson and diScussed above. Therefore, before
implenmenting a regulatory de&ise.its cost and benefits should be

studied more carefully.

In periods of stable prices a regulatory policy implies

" only infrequent rate adjustments, generally after long and arduous

discussions on what is a "fair rate of return" and the cost of
capital for a public utility. This requires acceptable measures

of value of output and cost of inputs, taking into account changes

in productivity. These problens magnify themselves in pexiods of

inflation. When inflation is present, the utilities are forced
to more frequently apply for obtaining rate increases from the

regulatory authority.: Two major forces work in this direction.

Pirst, as unit costs of inputs (excluding capital) increase, their

realized rate of return tends to drop relative to the allowed rate of

[N
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return.h-Second, uﬁilities have to seek‘ﬁighei rates‘of return

on investment to stay‘competiEiVe in capital markets. \In these
circumstances the frequency of rate applications increases andx
the process of going from one rate casé to another becomes
extremélj\cbstly.- In this situation; if becones important to
develop some formula which can be used as a guideline for

short term rate adjustments. This formula should incorporate
allowved increases in cost and a productivity target for the sector
undex consideration. TFor long term rate structure a full rate

' case should take place to take care of circumstances not taken

into account in the design of an automatic rate adjustment formula.

Mhi o ogrudss

Thiz study i
part we develop a model of Bell Canada for .its choice of inpuf;
ﬁig under regulation. In this pér£ we also study the efficiency
in the choice of inputs fo;lowéd by Bell Canada and hence the
éide effects of regulation. in the secénd‘part we study the
problems arising from the regulation of a public utility. Finally,
in the last pért of this'stUdy, we develop and evaiuate a formula
for short term auvtomatic rate adjustments appliedvto Bell Canada..
This formula takes into account the funcﬁioning of Bell Canada

as described by the model devéloped in the first part of the study.

.ot rere
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I. AN, ECONOMETRIC MODEL OF BELL CANADA: OUTPUT CREATION AND

FACTOR REQUIREMENTS -

«;;l An Overview‘of Bell Canada Requlation Framework

Bell Canada is a federally chartered firm, and»is
sﬁﬁject to the regulation of the Canadiaﬁ Transport Commission.'
In the éeriod covered in our stﬁdy (l952~1972), rate hearings
have been held in 1952, 1958, 1869, 1970 and 1972, In 1950 and
1952 the’fegulatory-board ruled that a 40% debt-equity ratio,
as contended by Bell, was the highest possibie to keep the company
financially sound. An explicit rule fdr_regulation was not |
developed until 1958 but “in every rate case the major element. °
:taken into account was the~ra£§ of retuin of the firm. In 19858
the regulatory Board granted'a»rate iﬁcrease that ﬁas supposed:.
to allow Bell a level of earnings of $2.43 per share based on
a 40% debt«equity»ratio. As we can see in
Appéndiﬁi), in that year 40% Was-also-the actual debt-equity
ratio. In 1966 for the first tiﬁe an.- explicit rate of return
rggulation.is introduced; in tﬁat year, after substantial
deiibefations, the bhoard ruled that Bell was entitled to a rate
of retﬁrn at the range of 6.2 to 6.6%. In the 1969 rate case
the allowed rate of return was increased to 7.3%. In 1972 the
“regulatory body (CTC) concluded that 8.2% was the maximum
permissible rate of return on average invested:capital. At that

moment Bell had claimed that this was the minimum, while 9% was
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the.maximum.v In all these rate céses othex elemeﬂts were also
discussed such as rate structure for toll revenue,relations’
between Bell and Northern Eledéricf-etc. In this brief summaryh
we only wanted-to emphasize that in general a majoryconsideration
givenuin’tﬁe rulings about the appropriate level of revenues to
be allowed for Bell, was related to the ;ate of return. It was
‘indeed'the‘rate of return thatiplaYéd the-key role in the period

under examination.

1.2 General Characteristics and Properties of the Model

- The main purpose of this part of the study is to

aerive thé behaviour followed by Bell Canada on the production
" of its output and the hiring of its inﬁﬁts. For the derivation
of this pehavioural relation we have fo spécify‘a simplified
model of the~working'of Bell,iffom where we will estimate

econometrically the functions involved.

The model that we are going to use is of the Averch-
Johnson family. In this type of model three main assumptions

are made:

(1) The -firm seeks to naximize profits;

(i3) . the decision process is constrainéd by the available
technology and by the impositioﬁ~of an upper lLimit on the
rate of return that it can eaxn . on its capital.. This rate
“of return is the falloﬁed rate of return"; It is furthexr
‘assumed . that the “allowed rate 5f return® is grcater than

the fiym's cost of capital but lowexr thah the rate of




return that the fixm would achieve if it were an unregulated
f’-“ ' monopoly; S B ' : L

(iii) no regulatory lags exist.

L o -~ If this model is an appropriate description of the

behaviour of a regulated company then the following propositions

follow:

(1) A£ the output selectéd by.thé requlated firm the capital-

labour ratio chosen is greater than that which minimizeg cost.

.
~
-~
-

(2) The output of the regulated firm would not rise above
that of the unregulated profit—maximizing'firm, except

in the unusual circumstance in which capital is an inferiox

‘ - input. That is, when an increase in output is -accompanied

by a decrease in capital used.

13) The regulated firm has an inceﬁtiVe to expand to competitive
"markets even if marginal revenues fall below marginal costs
in those markets, with the difference mcre than.compensated
by increased net‘revénues allowed through rate increases

in the regulated market.

(4) The capital-labour ratio will. increase rather than decrease
as the allowable rate of return is lowered towards the

nmarket cost of capital.'

R B LA AL xh oes APy LR "I AL IR BPAOE Pl NG WA T pv‘.-m-_g.\;;? i
: ) . '




(5)

(6)

78

The'overcapitalization discussed in (1) above does not, in
general, imply "gold-plating" or purchase~of plant'sdlely
torbe held idle; it rather means that the firm seeks to obtain
whatéVef additionai revenue is obtainable through ovefqapital~
ization. As long as the objective of the firm is to maximize
profits subject to a rate of return constraint, an "entirely
pibanétive use of capitél.is always preferable to 6ne
entailing waste".l

-~ «

Qhé.reéulated firm will have an incentive to réduce the .
acquisition cost of capital goods, in-this way the firm
would be able to invest in new ventures and achieve higher-
levels of_profits for a given regulatory coﬂshfaint. This

2 o an emmmde e e £~ [l adl Y P T
15 an CHTCNSAon Ol (o) adove.

Now we are going to develop a model of a regulated

firm. The notation to be used is‘as follows:

0

K
L
P

w

l)

= the firm's vélue addéd in‘reai terms

il

the éﬁount of physical capital employed by the firm
= the amount of labour employed by the firm
= the price of value added

= the wage rate

= the rental price of a unit of physical capital

= the "allowed rate of return" on a unit of physical capital, s

.

> P
‘lK

Johnson (1973, p. 90).
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I .= profits

R. = P.Q = total value added, at current prices

aR N . . ,\ . ) ' ) . , N . . .

i marginal revenue product of labour, i.e. increase inirevenue
due_to a (small) increase in the labouxr hired

dR : oy

RS marginal revenue product of capital

The regulated firm then seeks to maximize .profits

(Ly @I =7PQ - whL - PKK

-
-

subject to the rate of return constraint

PO - wkL

X

(2) s >
.and to the production technology constraint

(3) QLK) > Q

If the regulatory.and,productiOn function constraints
are assumed to be binding, that. is if'the inequalities (2) and -
(3),are safisfied with equalities; then this maximization problem
'implieé.the following conditions for choosing inputs and the level

of output.l

_1 Fox. the derivation of this relations, sec Appendix A below.



s

(6)  R(1,R) = wL + 8K i : w‘

/G

:;: B | 5 . }.).B. = L e ..3 .;...
W LB g = Py v oamy (stRy)

(4)

‘where the only new symbol introduced is A which is a Lagrangian

multiplier f£rom the maximization pféblem; Furthermore,. Baumol and
Klevorick (1970) have shown that i > A > Of Let us see the
méahing of each of these equatians'required to be fulfilled for
the firm to maximize profits Subject to the regulatory constraint.
Equationfz4)states the condition that the marginal.revenue precduct
of -labour has to be equal to the wagé rate. This equation takes
thé same .form as in the case of unregﬁlated»monbpolies; although
this doés-ﬁot meén that the regulated firm‘will cﬁoose the sarme

level of labouxr input as the unregulated monopoly, because

the level of factor inputs is obtained from the simultaneous

solution of equations (4),-(5)_aﬁd (6) above. Now, for the

case of an unregulated monopolist, A = 0 and therefore in (5)
OR

- above we will have <%= = P_ , the well known equality between the

oK X
marginal revenue product of capital and the price of capital.
A _ P_~Ag
. . g A K .
J ~ 4. ~ ey o e Ja e vt — ET meeveesraeen
While for the regulated monopolist Py = gy (s-Py) o < Py

and from here the over capitalization for the chosen value of

output follows.
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In the next section we are going to estimate an econo-
metric model for Bell Canada'and then we are going to test if a model
of this fashion is a good representation of the beha&iour of
Bell Canada. Specific;lly.we are going to'study econometrically
if A is significantly different from zero and furthermore if
it is in the interval (0,1). If this hypothesis is accepted then
Awe will cénclude tﬁat Averch-Johnson inefficiency is present in
' the behaviour of Bell Canada. Then we are going to go on
measuring the importance of this effect in terms of.actual figures

for capiﬁal»lébor ratios.

1.3 An Econometric Model of Bell Canada and a Test of the

Over-capitalization Hypothesis

1.3.1 The Production Function

.In.order.to test the»Averch~Johnson hypothesis.
ﬁe need ﬁo specify the prodnction'function relevant fér
Beli Canada. With respect'ﬁo the firét we will assume that
it is such that the.own price elasticity is constant. With
tespectAto the production fupction we reviewed the existing
production functions for Bell Canada, i.e. Dobell et al (L970),
Millen (1974), and Qe concluded that there is no clear-cut
evidence with respect to what is the appropriate specification
of technology. An attractive avenue for further empirical research
lis to agsume a more genéral form of production functioﬁ which |
can be considered as a second order approximation to any production
fﬁnction arvoupd a point in which the légarithms of each of the‘ |

inputs. are made equal to zero. This form of production function
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’  is called the Transcendental Logarithmic Production Function
(translog) due to Christensen et al (1971, 1973) and it has the-

advantage that it reduces to a Cobb-Douglas form as a special case.

We write the translog production function as:

D, + a

(8 44n Qt = o -+ o D¢ 1

Ly oo £ "2 Yi

S K, b 3 (&n Lt)2

Y (2n K + €

t t)

where the only new variables introduced are D

g

of technology and e

& which is an index

" which is the random error of the regression.

We have further assumed here Hicks-neutral technical change.
Before moving on the testing of our model we will make
. | a ‘brief desci‘iption of our data. A detailed description appears

in Appéndix C.

The following definitions were used for the different.

variables.

Il

Q Total value added (including'unco;lectibles) ninus Indirect
taﬁéé'and raw materials in millions of 1967 dollars re-escalated

tofﬁake the average equal to one during the sampling period.

L = Weighted man-hours, were the weights'are the relative hourly
;T. - wdge<ratGAof'the diffeféﬁtvlabour'Categoriés, re~escalated

as- above.
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K = Net capital stock in millions of 1967 dollars, re-escalated

as above.

s = Actual rate of return defined as total revenue minus indirect
taxes,. plus uncellectibles, minus cost of materials, rent
and supplies, minus the wage bill, all in current dollars

divided by the value of the net capital stock in millions
of 1967 dollars.
PK = Prieé& of capital services, computed using the

1
Jorgenson formula.

Dt = Percentage of calls direct distance dialled

1 In this formula

- ) i .'w.(.l.‘_‘ll?-:‘z-)-
s ' * — cem 3 W
= [B¥q + CCrapy - (o A ) )

where g = Price index of capital goods 1967 = 1.00
CC = Cost of capital
"u = Income tax rate
-§ = Rate of replacement
z.= Present value of depIOClaLlOn deductnonq on .a dollaxr's
investment in plant

“The source of each of these elements appeaxs in the Appendix C.
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‘ - First we will estimate a general translog model with
Hicks~neutral technical change. The results, after correcting for

- autocorrelation are the following (the figures in parentheses are

the t-ratios):

fn Q= -.020 +.172 fn L, +1.230 fn K_ +2.125 (fn L7
" (=~.162) (.760) © (4.077) (.882) .
#.559 (o0 K)?  -.929 fn L fn K_ ~.041 D
(2.999) (~1.639) ' (~.091)
b= .265 , SSR = .003789, D.W. = 1.89, Years: 1953-1972
(17230)
R? = .9993

‘Now we will test for constant returns to scale in the
f" ‘ above function. Constant returns to scale condition imposes the
following restrictions on the parameters of a translog model (for-

details see Appendix B).

(Q) ’ ul_+ o, =-1.0

Y11 Yip = 0
Yig T Yoo <
Inposing these restrictions in the model:given by
equation:(S) we obtain the following restricted model:
(10) 8n (Q./L.) = o, + o, Ln (Kt/Lt)‘+ o [bn nt.&n K, - ! (&n Lt)2
- ! (&n Kt)?] ooy bt e,
. . We can test for the sét of‘-‘ frcs-trictions given by (é)

by considexing the model (10) as a xestridted case of model (8).
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 Thus we perform I' test. When we estimate the restricted model

(equation-(lO)), the results are the following:

[en L, &n K. -3

n (0, /1) - 147  4+.905 &n (K. /D.)  =.754
St (~1.748) (3.976) - ETET L2.329) t
-1 (&n Kt)gj 4,446 D_
| ' (1.446)
0 = .419 , SSR = .005270, D.W. = 2.01, Years: 1953-1972
(2.066)
2

" is 1.69 and ¥

R™ = .8088

~

The constant returns to scale hypothesis is tested

+the statistic

M8

SRMlO - SSR

S

(V8]

SSRM8

~13

M1LO

It

vhere SSR

(equation 10)),.and

(&n Lt)2

using

sum of sguared residuals of the restricted model

SSR’ = gum of sqguared residuals of the unrestricted model

(equation (8))..

If the null hypothesis (constant returns to scale) is

true ﬁhen the above statistic .is distributed as F~ Snedecor with

3 and 13 degrees of freedom..

01 (3 13) = 5.74.

hypothesis of constant returns to scale.

The computed F statistic in cur case

Therefore we accept the null
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. : .Aécep.ting constant returns to scale as the m'ainitainec’i

- hypofheéis we want to test now for global separvability in the two
inputs of the translog model (for detéils of this test see Appendix B).

" Global separability requires in this case Y19 = 0. With thié
additional-restriction,vthe translog function reduces to a Cohb-
Douglas with constant :etuins to scalé(j The restficted model -in
-ﬁhis.¢ase‘is given by: |

(1) &n V(Qt/Lt)‘ = a}o 4 o¢2 n (Kt/Lt') -+ ()LD‘DJt + Gt

e
When this model is estimated we obtain the following results:

i (QL/L,) = .330  +.391 fn (K./L.) +1.136 D,

(-9.356) (6.486) LR 1 826y F
. b = .391 -, SSR = .007050, D.W. = 1.83, Years: 1953-1972
: - (1.900)
2

R® = ,9984

The null hypothesis that the'produption model is a Cobb-

Douglas subject to constant returns to scale is tested ﬁsing'the

statistic
SSRMll _ SSRMlO
1
o=

goRL0

16
where

.SSRMJ“l = gum of squared residuals of the restricted

. - wmodel (equation (11)).
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VIf the nuli hypothesis (consﬁant retﬁrns to scale Cobb-
‘ Deuglas) is true then this statistic ie distributed as F~Seedecor »
-With 1 and 16:.degrees of freedom. The computed F statistic

in our case is 5.405. The 1% critical value for the F -~ statistic

wiﬁh 1 and 16 degrees ef freedom is 8.53. Therefore we accept

the pull hypoﬁhesis that the production'funetion is Cobb-Douglas

- ‘ 1
"with constant returns to ecale.

@e should also mention that we estimated also the Cobb-
Douglas function with gross production as the dependent variable.
and  threc factors of production (labor; capital and raw materials)
but the coefficient of the raw materials variablevwas never
statisticaliy significant. Therefore the hypothesie of fixed
‘»deefficient for raw meterialé and a constant returns Cobb-Douglas

. . . - . : 2
function for value added is shown out by our data.

" One cquld claim that the poor'showingzof the general
translog model is due to the strong collinearity among the iegressors
in equation (8) and that therefore the hranslog function should not

be,estimated directly but from side conditions for profit maximization.

1 This test is equivalent to a t-test on Y19 of equation (10).

2 The measure of raw materials avaijlable is the one reported in
R. Millen (1974) and it includes rents and othexr supplies besides
raw materials and therefore part of its poor performance in the
eguation could be due to an errox in the variables problem.
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‘ - S "'.[.‘hus as a fﬁrthe'r search into the technology of Bell
o ) Canada we will take the unrestricted translog as a general
production function describing the technology of Bell and then we
will use the side conditions for profit maximization'subject to a
" rate of return constraint to identify the parameters of the production

function.

Using the translog function as a description of technology
we now move onto derive some side conditions for profit maximization

~to be used”to estimate the parameters of the production function.

For the case of constant price elasticity of the demand
for value added we obtain the following~séﬁfof relations from the

re” . s . . - . 1
profit maximization subject to a rate of return constraint.”

I

: K W . . '_‘_ o
(;2) ML = = Bal + BYll &n L 4 Ble &n XK + €

PO 1 . - : S
, Py K : _—
(13) MK =55 = Baz(i~k) +»BY12(1"A)£nL + Byzz(lwk)an + AZ + €, o
where M, = is the share of labour payments in value added .

L

i

MK is the share of capital payments in value added when

capital services are paid at its cost to the company

Share of capital and abnormal profits in value added

Y =
e s o PO = Lw
That s 2 = B

El and 82 are random erroxs

' Now if we assume that A is fairly constant during the

sampling perviod the above model can be used to obtain estinates

Fox details of thesc derxivations sce. Appendix A,
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:of ﬁhe‘ﬁéfameters involved. Also the Averch-Johnson hypothesis
caﬁ be tested by eétimaﬁing ﬁhe regression (13) and running a

test on‘the_coefficient of the variable %. If the coefficient of
ﬁhis-variable-is between zero and(PK/s)and it is statistically
significant then we conclude that an Avérch*Jéhnson effect is
present. More efficient estimates for the coefficients of
egquation (13) are obtained if.we take into acéount that equations
(12) and (13) have coefficients in common. When the translog
mdéel was .estimated in this‘fashion,_independent of the definition
for.the'cost>of capital (see Appendix c), the production fgnction'
was not well-behaved. . It was'nOr'monotonic neither quasi~concave
(see Appendix B for details of these concepts). Theréfore\the
translog>model.cannot be considéred as a proper‘éescriﬁtion of

the technology used by Bell~Cénada. We also estimated a simul-
taneous model with a C.E.S. function but the elasticity of .
‘Substitﬁtion'was always neéativet Therefore.the C.E;S. model

was ‘also. rejected by the data.

We Conqlude.therefore that the technology of Bell Canada

can.be .approximated by a Cobb=Douglas production function.

1.3:2 "The Demand Equation

~Consumer demand theory suggests that given the tastes
of a consumex the gquantity demanded of a commodity (Qt) is a
function of real income (yt) and relative prices (pt). Facltox

demand theory for a cost minimizing producer suggests the same
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type of relationship, but with production levels playing the role
of real income. Therefore,. a demand model can be expressed as

&

follows:

Now, economic theory does not restric the‘férm of the function £.
Howevér, for estimation purposes wve ﬁavé to go furthexr; we have
td specify the form of the funcﬁion £. .We will assume that f

is a linear in the lJogs function on all the_variables" In this

r{
case,; we have:

&n Qt = ay + a, &n Yy + aj n Py

We could interpret the dependent variable of this last
equation as the desired demand Zor telephone with the actual deman
for telephone moving towards the desired one following a Cagan-

Nerlove partial adjustment-schemei'

That is the partial adjustﬁent model is given by:
in Q*t = ay -+ a, in Y + ag &n pg
£§ Q= nQ 4 =06 (2n Q"“'t - n Qt»i)
where Q*g is the."désired level® of telepﬁoné serviéésL

The reduced form of this system of equations is given by

(14) &n Q. = ale + a,b &n Y Tt a 0 2n Py + (1-0) #n Qp1

2 3

In eqguation (14) a3'is the long r»un price elasticity

~

£ demand.
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When we estimated this last equation we obtainedls

Q. = -=.920  +.154 fny, ~.160 &n P +.899  fn Q. .
~ (~1.058) (L.223) (~1.123) - (L1.765) - =
p = =271 , R® = .099 , D.W. = 1.98 , Years 1954-1972
(~1.229) | |

where the only new variable introduced is:
Ye = real gross domestic product in Ontario and Quebec

~ From this demand equation we compute a long-run price
elasticity, (n) of -1.58. This value is then used in the rest of

the model.

1=3;3 Testing for an Averch-Johnson Effect.

n,

Now we will perform a test of the Averch-Johnson hynothesi

by estimating A from equation (5) in section 1.2. TFor easier

- reference we reproduce that equation below

. P -~ As

.512.’ l o )\

But we also know that:

OR . popgdy 20
Q9K 7 P(l+n)'8K
- where

n = price elasticity of demand

1 ey : e
We also used as an explanatory variable the log of P, divided
by a combined consumer price index of Toronto and Montreal but the
- Xesults were inferior.



. - From

we obtain:

@
£®)]

o

=

@
=

From

using equation

(.365

-7

Final

Pgk

PQ

This

definitions of

(15) Mpq = 14

p = 59
(3.18

(16) MKZ = ,14

p = .48
(2.57

/22

our estimated Cobb-Douglas production function

L3

L
391 ¢

the demand equation we had 1 = -1.58. -Therefore

(5) we obtain:

P, - As
1y BQ K T
) (.391) i W
ly we obtains
sK
<1428 (1-A) + A =)

.
183

1428 (1~1) + A%

egquation was estimated for the three different
the cost of capital4obtaining:

28 (1~.715) +.715 %
(7.510) (7.510)

2 L.77 , Years 1954-1972

2 , R® = .290 , D.W. =
9)
28 {1-.762)  +.762 7
(11.395) (11.395)
7 , R® = ,108 , D.W. = 1.89 , Years 1954-1972
6) | -



(A7) My, = L1428 (1-.785) = +.785 7
K3 (12.184) (12.184)
S = 473 , R® = .097 , D.W. = 1.89 , Years 1954-1972
(2.479) -

Therefore from the three different definitions of the
coat of capital we conclude that- A is stati stically signiificant
and a nunber between zero and one as prcdicted by the theory of

a regulated firm.

-7

“To get some idea of the effect of regulation on the

capital-labor ratio we will compute this ratio under regulation

and without regulation.

With regulation

o
X _ 2 W
e S
1 o~ A

without regulation (A = 0)

X Oy w
E R P WP Y
5L L az b K

In the first orxdexr condition A is a variable, therefore

the above equations A is a sort of an average value, therefore

“we .will compute K/L for the case in which the right hand side

variables take values equal to theix average for the period 1952~

1972, to obtain some measure of tho ovexr~capitalization in Bell Canada.




Jud

Effect of Regulation on the CaﬁitalnLabor Ratio

' : Regulation No~Reculati n
Observed Model. o-Regulatio
PKL 33.44 34.4 16.9
PK2 33.44 30.5 16.1
PK3 33.44 28.8 15.8
.77  Prom this part of the -study we conclude- that there is

strong evidence of over-capitalization in Bell Canada as predicted

by the theory of regulation.
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2.1 Introduction

" As discussed in the previous section many public

utilities in particular the telephone industry operate under

conditions of natural monopoly. In order to prevent obvious
abuses sﬁéﬁ as the making of monopoly profits, public authorities
have to resort to various forms of regulation which in turn give
rise to other difficulties. Certéin problems arising from the
imposition of fair rate of return:reguiation have been discussed

n several articles under the general heading of the Averch-Ifohnson

2o

.

(A-J) effect. These problems and the methods by which regulations

could overcome them are dealt with in this section.

The analytical intractability of real world situations
precludes the use of a theoretically rigorbus framework. However,

some of the basic economic principles relevant to regulation which

-have been derived from a rigorous analysis .of idealized models,;and

~discussed in Baumol (1973), Leland (1974) and Bailey (1974), are

sumnarised below in general terms.

One of the most obvious goals of regulation is the

prevention of monopoly profits, while allowing the firm to earn
"a reasonable rate of return. At the same time pricing policies

should be designed to minimize the misallocation of resources which

i
i
L
X
X

Py




/26

are used to produce the output. A widcly used method of imposing
a:ceiliﬁg on profits is the so called fair rate of return criterion
applied to a suitable "rate base™. There is a tendency for the
regulated firm to raise the prices forx thoée:of.its services having
inelastic demand, until the allowedirate of re@urn»(whicﬁ is highexr
than the cost of capital) becomés a binding constraint on further
profits. Further iﬁcreases in net earnings can be achieved only‘
by'increasing the rate base.

2.2 Some,.Lonsceguences of Regulation

This section deals with some of the consequences .of
1

- ryegulation which should be of concern to vnolicy makers; majoxr

issues include:

(a) The régﬁlated firm may lose much of its incentive for
technolbgical improvementé and efficiency increaseé{ If the
firm can always earn profits up to the allowed ceiling by
increasing prices for its.demand-inelastic sexrvices, then

there is no financial reward for. cost saving.

.

(b) There will be a tendency for the regulated monopoly to exéaﬂd
iﬁsifate base beyond the normally optimal level (i.e. ovexr—
.anterest). The effect of the binaing regulatoxry constraint
reduces the perceived cost of capital to the firm below the
markef rate, and thereforec for any given level of output the
~mix of inputs becomes more capital intensive than if the fifm
were not xegulated. In fact,'asflong as priceé in inelastic
demand markets  can be raised, furﬁher investments will be

peimitted to carn the allowed rate of return,
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(c)i‘If there is sbmé measure of vertiéal integratioﬁ in the:
industry, and the'réte base is computed in terms of ;
replacement costs, then transfer pricing may be encouraéed. é
The new capital acquired from its suppliers at - inflated prices i
will not decrease the firm's allowed profits, while at the ]
sane time the replabement<of older machines by more expensive

ones will actually increase the rate base. C |

(d) Destructive price\cutting by the monopoly may occur for those é

,-(

services which. are supplied in competitive markets. Any

losses which the firm may incur in such markets can be made

good (up to the allowed rate of return) by price increases

in its inelastic demand services, and once competitors have
been driven out of the competitive market by predatory pricing,
the monopoly can invest further in this area in order to expand

its rate base.

2.3 Methods of Supplementing the Efficiency of Reqgulation o

The preventioﬁ oﬂ,monopoly.pfofits requires that the
regulatgry authority establishes é raté base and a £éir rate of
return (x) which exceeds the cost of capital for the firﬁ. Although
usual econonic pfactice based on resource allocation grounds
~dictates the use of the forward looking replacement cest to deter-
~mine the capital base} a number of regulatory problems may be

avoided by using a sunk cost approach.



three year interval, there would be no restriction on any increcased

to benefit, albeit temporarily, from increases in efficiency etc.

/28

Firstly, the use of.historicél cbsts (including of
course dcpfeciation and price level corrxections for inflation)
will protect the investor from‘losses in a situation where tech-
nological or other fabtofs have resulted in substantially ;educing
the costs of replacément capital. Thus, it seems fair to prbtect

investors from unforeseen losses, since corresponding windfall

Vgéins are precluded by the regulated ceiling on earnings. The

temptation to inflate suppliers prices discussed in Section 2.2

o«

-
also will not occur when sunk costs are used for the rate base.

The level and mechanism chosen for imposing the rate 5f
return have an important hearing on the firms' viability and
incentive for cost saving inno&ation. The rate of return r must
exceed the effective cost of capital for the cbmpany{s risk
class, or the firm Qill not be-ébie to attract external capital
in the. long=-run. Thereforé,~r‘musﬁ reflect not qnly the interest'
rate on debt but also the cost of equity (which is‘usually

substanﬁially higher) «

Baumol (1973) has suggested an interesting use of the
usual'regﬁlatbry lag mechanism to encourage efficiency. Thus if
the rates are set every three years, then the value of x and the

corresponding tariffs would be based on data for year 0. In the

compahy earnings arising from cost saving, but no interim tavifEf

increases would be allowed. This procedure would allow the firm
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If the reguiated monopoly is allowed con51dcrach £repdom
to set prace Jeveib within the lnmltq of the ovorall rate of
return, then the possibility of unjustified. price increases in
inelastic demand markets arises, because the firm may attempt to
transfer losses incurred from its other services to the inelastic
demand service. One approach to. the problem of"protecting
‘customers of the latter type of service, involves the so-called
"test for compensatory services" which may be applied to see
whether“ig'fact an inefficiently managed‘service is being subsidized

A service is defined as compensatory if‘the provision
._of fhls service does not adversily affect 01ther the profits of
the company or the customers of other company soxv1ces, i.e. if
- the reveLues from the service exceed the long-run costs imputable
to it. Thus, if overall earﬁings are constrained by regulation,
then the provision of a compensatory service will in fact encourage

price reductions for inelastic demand services,

If a service is determined as being compensatory in

" nature then several regulatory problems may be avoided;

(i) -as described above there will be no additional burden on

the users of other company services;

investiments undertaken in this area will be on a sound

—
o
-

S

economic basis, rather than for the purposes of rate bhase

padding;
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(iii) * predatory pricing to eliminate competitors will be ruled out.
In fact, if the regulated firm were a more efficient supplier

0of the compensatory service and.thereby'dominated-its>

rivals, this process would be consistent with the most

economic use of resources to produce the given output.

Several problems arise in the practical application of

the test of compensation such as the used to:

-~ '

(i) accurately determine long-run revenue and especially cost.

streams relating to the service; ' N

(ii) reapply the test often vwhen market conditions or company

v et vy

operating procedures change (e.g. changes in prices, costs etc.):

(i.ii) apply the test not only in terms of replacement cost but also
sunk of hiétorical costs in order to havé & consiééent basis.
for comparison of the rate of return on the service, with the
overall reguiatéd rate of return which is alsb based on sunk

costs. _ _ : :

The problem of destructive pricing competitive services
is discussed next. Firms could be prevented from increasing tariffs
once they have lowered them in a competitive market, unless they
demonstrate compelling reasons. for doing so.such as unforeseen
cost increases etce. Such a provision Qould help to prevent

monopolies from adopting predatory price cutting tactics.
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A reiated question arises frém the need to deterﬁine
prices.for joint outputs. The "“full-cost pricing" approach is
unSaﬁisfaétory because certain joint costs have to be allocated
arbitrarily, and the society's welfare will not be optimized
because the output of decreasihg cost.industries is underm-

consuned etc. In another approach, the prices for elastic demand

services are set to maximize net profits from these services,

and thé‘tariffs for inelastic demand services are set so as to
achieve. the regulated ceiling on earnings. Although the ideal

of strict marginal cost pricing derived from welfare maximization
principles is inapplicable in'the‘real world, a second best
approach provides us with some theoretical guidelines. A theoxem
derived originally by qun (1952) and-deveioped-by others shows
ﬁhat if marginal cost pricing cannot bé used because a firm_is'
required to meet a Certaiﬁ profit constraint, the consumeré"
surplus-in maximized if forx any twé of.the firm's outputs, the
ratio of the % deviation of price from the marginal cost is equal

to the inverse ratio of demand elasticities. The sense of this

¥From this section we conclude that any Automatic Rate

Adjustment Formula could at the most be considered as a guide for

the complex process of regulating a natural monopoly that produces

a differentiated set of products and satisfies a whole set of

~different consuners.



- IIX. AUTOMATIC RATE ADJUSTMENT.FORMULA

3.1 Introduction

Inithis section of the study we will use the model
devolopedAin the first part to derive a formula for-long~tefm
cost. The formula to be developed gives’the cost as a function
of,ﬁhe price of the inputs uéed by the firm and the level 6f
production and should only be used as a long~term trend of the
césts Q?,& regulated firm. We will first develop the formula

and then we will comment on its main components.

.. 3.2 An Auvtomatic Rate AdjustménEﬁEormula for Bell Canada

‘ o . Ih the first part of this study we analivsed in detaili
the.teChﬁoibgy in use by Bell Canada. In thét part of the study
we concluded that a constant.returns»to scale Coberouglas funétion
was a proper representation of the production function facing
Bell Canada. We have also shown there that the régulatory constraint
was binding and that therefore the cost_of'capital.services facing.

Bell Canada is not equal to its market cost (PK) but some trans-

P, - As
Fformation of it given by ”%“t“j“‘- Now we will solve the model

- of the-first part for the total Cost of Bell.

- PTotal cost of Bell can be written as:

C =WwhL +»PKK’where
K is the "shadow" or "econcmic cost" of capital services
\ - P, ~ As
. - . . : K
o f 21l and it Give ) e
. o » for Bell and it is given by -g-———y—

3
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To derive a cost function for Bell we minimize cost subject to

the estimated Cobb-Douglas production function.

The minimization of costs for a given level of output
subject to a constant returns to scale Cobb-Douglas production

. function yields the following Lagrangian form:

: - l-o., a, o.D
J=wh + P K~ 06 (AL 2K 2e D -Q)

K

and this leads to the first order conditions:

3 .. - Q
5y © Y + 8 (1 az) 5 =0
T _ oz ' Q _
TR - g T Bay, =0
_ l-¢, o, oD
g%-= AL 2K %% P -g=o0

From the first two equations we obtain:

w o _ o) X
il o L
Fx 2

substituting in the production function we obtain{

W oo Rt +1 ~0, D
I = % (o ? y 24D
PK(l~a2)
' w o l-a —-0...D
S B
PK(l*az)

Replacing back in the definition of cdst we obtain the final

. rexpression for the cost function

l-a o ~a..D
- 2 35 72 D
C=Cow =P~ Qe | ~



il
3

~wherg Cb : Yy
Substituting now here the value of the estimated parameters

- we obtain:

(608 5 .391  _=1.136 D

C = 4,75 w
This function gives total cost as.a:functioh of the wageia
-'rate (w), the "econonic cost" of capital.(ﬁK), value added (Q) and
- a technologyy measure (D). MNow to appreciate in more detail the
relation bétween total cost and the differgnt elements which -
enter in the "economic cost" éf capital we will rewrite fox eésy

reference PK .

PK - As

o
o= o

K 1 - A

where detail expressions for Py

and we reproduce them here for easy reference

.and s are derived in Appendix A

By = qiPo + L0 (2o o

K l-u
B
= ol + 2o - P

Therefore the evolution of costs for the regulated firm will

also be a function of all the variables and parameters that enter -

into the measurement of Py and s. This cost function, for a given
N .

evolution of Q, w, P, and D could be used Lo compute thée Minimum

X ‘
Ccost. This minimum cost in conjunction with the value of the

existing capital- stock and the demand function should be used then
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to determine the rate to be permitted to the carrier, i.e. the
allowed rate of return. In this way we derive an auvtomatic rate

adjustment formula.

- One of the main elements of this formula for normative

costs is the price of capital goods for Bell Canada. The

. implementation of any formula.for automatic rate adjustment

requires the development by the regulatory authority of an inde-~
pendent measure for the price of capital goods. We think that

the~use'of'an Automatic Rate Adjustment Formula along the lines

- suggested here would facilitate tremendously the functioning of

- the regulatory process. As this formuvla shows there are some

crucial variables and parameters that have to be measured and

2Pt - A
LimaceG

0

implemented. Any rate of adjustment formula will concentrate on
providing enough revenue to achieve a given rate of return for
the carrier but the regulatioﬁ~process also has to.deal with

structure of rates for which not only'revenue-elements should be

consider but also the welfare of the consumers. Therefore we

conclude that an Automatic Rate Adjustment Formula should be

‘only one, though very impértant, element to be used for regulation

of a carrier.
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APPENDIX A

A MODEL OF A REGULATED FIRM

A.l Introduction

In this appendix we will develop in detail the model

used in the first part of this study.

' In this model we assume that Bell Canada's objective

is to maximize profits after tax subject to a rate of return

‘constraiﬁ%. It is further assumed that the "allowed rate of

return" is greater than the firm's cost of capital but lowerx.

than that rate of return the firm would aéhieve if it were an
unregulated monopoly. The development of this model in detail

will allow us to have a precise definition of the different

elements entering in the model presented in the first part of

" this repoxt.

Let us define:

"R = value added in current dollars.

Q0 = value added in constant dollars

K = the amount of physical capital employed bylfhe firm
'Y, = the amount of labor employed by the fiixm

P o= fhe‘price.of value added |

q = ‘the price of a unit of physical capital

i® = the interest rate on bonds |

oy
ad

= ‘the cost of equity'capital-

¢ = the share of debt into total capital




where
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u = the corporate income tax
- 8§ = the economic depreciation rate

w = the wage rate

» = the present value of depreciation deductions totaling one
‘dollar ovexr the lifetime of the investment

r = the "allowed before tax rate of return" net of depreciation

"~ A.2 The Objective Function

The regulated firm then seeks to maximize profits after
taxes. Profits after tax are given by:
o .B B .
(A.1) I =R - wL - i agK - i~ (L-a) gk - § gK ~ u[R - wL -
5B agk - Gqul

i® agk is the cost of»debt capital

;iE(l~a)qK Vis the éost Sf eQuity capital

.GqK is the cost of eponomic depreciatioh
The corporate income tax is applied on taxéble income defined as
Qurrent_vélue added (R) minus labox cost'(wL), ninus the cost of

debt capital (iB ogK) and depreciation allowance.

A.3 'The Cohstraints

Profits after tax are maximized subject to ¢ rate of

return constraint and a technology constraint. The rate of return

constraint can be written as:

(A 2)

. . SR '
R = whL = 8K - u[R = wL - i7 agk - §zqX]
g . S (i-u)x
gl



In this expression the numerator of the left hand side

term is net income available for dividend payments and the deno-
minator is the value of capital stock. . In the right hand side
we have the "allowed before tax rate of return® times, one minus

the coxporate income tax rate.

‘The technology constraint can bhe written as:

(1.3) Q{L,K) > Q

If the regulatory and production function constraints

are assumed to be binding, the firm's decision problem can be

written as maximizing (A.1l) subject to (A.2) and (A.2) the last

two taken as equalities.

The maximization of érdfits,subject to the rate of
#étﬁrn cénstraint yields the‘Lagrangiaﬁ>
H = R - wk - iB agk -~ iE (l-0) gk - 8gX
‘w~u[E-m‘wL - iB'aqK = 8zqK] - M R-wL -~ §q¥

- u[R - wL - i® R - $zqK] - (l-u) xgK}

it

¢(Q) .0 (L,K)

where R = PO
oo, x)]. QLK)

i

i

R(L,X) and

¢(Q) is the inverse demand functiom.

" This leads to the following first-order conditions:

i . P, - As

M _ R T
(n4) g7 = v (B5) R =%

(A.6) R(LX) = wh + sK
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‘where P, = q[iTa + = 1+ {

If capital gains are included as.part of the revenue
then a texrm cqual to jgégﬁ has to be substracted within the

parenthesis of the expression for-PK .

The -system of equations (A.4), (A.5) and (A.6) can be

solved in principle for equilibrium values of L, K and A .

,-(
-

Baumol and-KleVorick (1970) have shown that 0 < A < 1
and from here using (A.5) follows the Averch-Johnson result that
the regulated firm would choose in equilibrium a level of capital

such that the marginal value added precduct of capital (gg)

less. than the cost of capital (PF) and therefore the production

process is too capital intensive.

This is the-formula to be used in the continuous case. The
Formula actually used, fully described in Appendix C, decals with
the discrete case. ‘ '
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APPENDIX B

THE TRANSLOG PRODUCTION FUNCTION

B.l ‘Introduction .

Ir the estimation of production models the uéual
hypothesis'is that the function is one of a restricted class
which satisfies some a priori restrictions in technology. The
'?:oductibn‘functions most frequenély used.are the Cobb-Douglas, -
CES; and Translog, with the last one of moré-recent development
(Ch:istéhéény Jorgenson, ‘and Lau, 1971). The éobeDnglas
'prodUCtion function restricts~all‘Alleﬁ partial.eiasticities

of substitution to be equal to one. The CES function, restricts

Ft

the above elasticities to be constant and equal for any pair o

dnputs and for all points in input space.

in addifién, the CobbwDougias‘and theACES functions
assume strong separability. On the other hand, the translog
function does not éssUme stroné»separability and furthermore it
can attain an arbitrary set of'pairwise elasticitiles éf_
'>substitution'at any point in input space. The estimation of
translog functions has become very popular lately for the
flexibility that it provides (E. Berxndt and L.R. Christensen,
1973; E; Berndt and L.R. Christensen, 1974;«E; Berndt and
D, Wood, 1975; D. Huwiphrey and J.R. Moroney, 1975). A translog
function with three inputs has nine regressors besides the
constant. To avoid multiéoilinearity problems in small sawples, -

»

-the usual estimdtion procedure has been to work with side
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conditions fof profit maximization in competitive produgt
. | and 'fac;tpr markets. In this proce_duté, the parameters. of'.the
associated translog function have been estimated from a systeﬁ
of.semiwlogarithmic-equatioﬁs with one equation foxr each inpth
Each of these equationsgiQes the cost share of ah input~a$‘é
linear in the logs, function of each of the inputsf The problemn
with this approach is that it is impossible tb know if the |
parameters that one is estimating are the patameters of a
-translog,fgnction, or some other parameters résulting,from the

- T ’ : : :

specificétion'grror\introduced‘if any of the untested . assumptions

indicated above are not fullfilled.

In this Appendix we review the main characteristics
and properties of a translog function. We study in detail the
case eof a three inputs function. The two inputs function used

8,

in the first part of this study is a special case of it.




‘ ' B,'Z. The Traﬁslog Model

The transglog function with symmetry imposed (y

can be written as:

. : ‘: . 1. b 2 : <.
(1) n Qi Gy 4 ay in TLl + a? in L“i + Gy n kl
.1 , 2, o 5

2

Nl

Yy 4 (A0 L1, ) (n K ) + 3 Yqz(zn L2, )

~7
-

2

o+ 723(£n in')(ﬁn K, ) + Yss(ﬂn'Ki )

A T

- where

mean of Qi equals to one

sk
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:_Yks)

0 = Value Added, with anlts deﬁﬁled in such a way that

Ll = Blue Collar labor, with units defined.in such a way

that mean of Lli.equals to one

-

L2 = White Collar labor, with units deiined in such a way

that mean in equals to one

X .= Capital, with units defined in such a way that

nean of Kj equals to one

tine

e
i
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‘ : The elasticity of substitution in a translog function
' is different at every dataﬂpoint. Therefore, the size of the
observations will be -affecting the substitution properties of

-the technology. -

The hypothesis of constant returns to scale can be
teétéa~directly from {(1). Constant returns to scale imply
_the following restrictions on the parameters of this functicn S

(B. Berndt and L. Christensen 1973, p. 84)..

,-f

(i) - Lo, o= 1 (iii) LY.L= 0
_ k=] k s=1 sk
. . kzl{ 2( 3 *.‘\/
L 3 3 3
‘ -(.“) 'ElYSk =0 vl ool oy Tk 7

s=1;2,3

‘With symmetry imposed a priori, restrictions (iii) and
{iv) are not independent of (i) and (ii). Therefore, we test
for constant returns to scale in model (1) by imposing .constraints

(1) and (ii) on the parameters.

A.pfoducﬁion funétion is considered to be well-behaved
~only if-it has positive marginal products for each input (monotonicity)
and if it is quasi-concave. The-translo§ function‘does'not».
-satisfy thege restrictions globally.‘ldn the other hand, we can

““have wide enough regions in input space, which include the

- - .
.
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observed input combinations,where these restrictions are satisfied,
and therefore the translog function can be considexred as a well-

behaved function for relevant input combinations. In any case

~monotonicity and quasi-concavity of the estimated translog

function should be checked for every data point in the sanmple.

Monotonicity requires 8Q/3Ll > 0, 3Q/9L2 > 0 and 3Q/%XK > 0.

Differentiating the translog function we find:

30, Q. | | _ . .
, - A i _ _ '
‘Fli' sl (ul +.Yll W Lli o+ Y19 n in_ + Y13 n Ki )
QLA L1, _ _
i 3.
in‘ = = (a2 + le in Lli L O An L i + Yoy n K,
: oL2., L2, : .
i i
) ‘U\Q; ) Q.; . ) ‘ . . ’
F3, F oS = oS (g F Ypg 80 Ll b ovpg dn L2g 0 F ygy dn Ky )

From these expressions we can compute the relevant
partial derivatives for a given set of parameters values and

for a sample of input and output values.

The translog function is strictly quasi-concave

(strictly convex isoguants) if the bordered Hessian matrix is

negative definite. In the case o= three inputs this requires
that the bordered principal minoxrs be positive and negative

respectively (see Takayama 1974, p. 123},

Differentiating the partial derivatives computed

. .
Y o . vty AR s - o e Fel e Ve, o NI L ey miams,
Cabove woe ohtailn-expressions of the following Zoxnm:
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: 3 Q'i. Qj . ) Llj Ll.
I«‘lli =3 5 Tyl v Ly (Pl e - D)
, :BLli Ll Q, 0,
| 2 . - . -
~ 0°0, Q. LL, X,
- _I:‘J.B‘i g : o = - : Y'LB .;.F'[J T eemeies FBi —t
»-aLli QKi Lli hi ; Qi, Q

Similaxr expressions can be derived for the other inputs.

The bordered Hessian matyrix is given by:

o Fl, F2, . F3,
\ i i i
" — Fl,. F1L, Fl2, “F13,
5 = 1 i. Ui i
| F2;  F2l,  F22,  F23,
r3, F31, F32, 33,
i i i i
LThe boxrdered principal minors of this matrix are
computed for every data point, that is at every i. ' }

One of the main characteristics of a technology is
the elasticity. of substitution. The Allen elasticity of

substitution between Lli‘ and Kij (Allen 1938, p. 504) is given by:

3

Fl, L1, -+ F2, L2; +F3, K, -
OLIK, = ' : (|R13, ]/]Hi |
A Ll. XK. _ i
X J

Whexre lRlBi | is the cofactor of rL3,  din H, .

Analogous expression can be derived for oLlej and c,rL__2AI<.L .

These a@lasticities of substitution are computed again at every

data point.
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‘ - + The t::ans-ldg_ function does not assume separabiliity.

‘Separability can be tésted, In the case of three inpﬁts three
types of weak separability may exist: the weak separability
of Ll and L2 from X (denoted IL1L2-K), L1l and X from L2 (denoted
L1K-L2), and L2 and K from Ll (denoted L2K-Ll). In the case 65 
the translog function of equation (1), these separébility con~
_ditions are fullfilled globally if and only if (E. Berndt and
J.. Christensen (1973, p. 102))
(130 vyy Yo3 " Yyp Yy = O

(131) Y35 Yo3 = Yoy Y3 = 0

(3) LAK-L2 (i)

C(4) ﬁzx»Li (4
(ii). Yaz Ty = Ya3 Yap = O
l(iii);‘Yzﬂ Y13 7 Y33 Yoz =0

If we inpose constant returns to séale {CRTS) then

- in each of the set of conditions ((2), (3) and (4)) only one

between (ii) and (iii) is independent.

‘ . - "
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conditions for global separability LLIL2~K. In the same way.

Yo3 = Yip 7 0. satisfy the set of restrictions (3) and

ane

Yy3 == (0 satisfy restrictions (4). ALl the glohal

Y12

separability conditions are satisfied simultaneously JL and

‘only"if YlB-: le.g YZS = .0 and ‘in the CRTs case the functlon_l

is a CObbwDouglasl,'

If we substitute the CRTS rebtractlonQ in (2) and (3)
-above then a-set of nonlmnear Scparabllmgy condmtloﬁs .can be
derived (B. Berndt and L. Christensen 1873, p. 91). A summary

of thesevéénditions is reproduced below
Table L

Parameter Restrictions for Global Functional Sevarability

~

Linear o ‘Non=-linear separabilit
Sepa;a0171ty N Non-linear. : Fe- )
. separability . s e . restrictions
‘ type restrictions $epa1ablll.uy. _ {undex CRYS]
_ CRTS & non CRTS - : :
L2 - - - - -0 L2
Ll K Tz = Vo3 ™ O | ay¥py v ep¥yp = 0 Y33 7 Y23/722
‘ YllY23 - Y12Y13 = 0. Q‘B = 1 - (02 'Y23/'Y22)
| 3 YyaY¥a3 T Yaa¥oz T 0 | (0g45 = 04y #1)
LK - L2 = = = O = = |
LR - L Vg T Y3 T 0 1 O¥p3 T O3¥yp T 0 | vy = Y53/Toa
Y11¥23 T Ya2Yas T O | ag = {ay=1)vy3/7y
| YllY23 - ‘Y‘331Y12 - 0 ﬁo’lz = 0'23 L _
CL2K -~ L1 D e = ¢ - v = 0 ' o2 -
L2K - 1 Yy % Ypp U0 | G¥yp v GgYyp, =0 Y33 = Y53/
Y22¥13 7 YezMa2 T oy = 0y Yo3/Yay
Y23Y13 “. Y33Y12 = 0 | 012 = 0'13 # L

R bt Tt it BB S s

Lt can also be shown that if onc set of non-lincar

Reparablllty xes Lxmctxonsimﬂxuw Lhcn neither of the other two seots

can be satisfied.

et one .
’ o . CRALE Mt A PNER O Bt s P e ® s ol e nd

If we do not restrict the translog fHimetion Lo axhiib e ¢1rs Lhoen

the rescricted transloyg function will - dloo dncludo Lerngs whth Lhe o

squaxa of tho leygas off cach input and thoeroforo wlll nob o o
Cobb-Douglas function. ‘ ’ ' ' '
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One of the difficulties with the tests for weak

-seéparability in a translog function is.that they require the

aggregator function to be linear in the logs. Thus the tests:

.presented above are a joint test of weak separability and a

~linear logarithmic aggregator. Undex the translog specification -
L0 Spe _ : I

of technology the Jjoint character of the tests makes them

~unseparable. Therefore these tests are biased in favour of

rejecting the hypothesis of weak separability (see Blackorby,

Primont apd Russell, 1876) .
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APPENDIX C

DATA USED IN THE STUDY

c.l Sources of data

1

. The major sources which provided us with the data

necessary to carry ocut this study are: the "Memorandum on

. Productivity", Bell Canada application,  File 955.182.1, volumes I

~and II, Bxhibit B~73-~61 to B-73-67 by the Telecommunications

Committee of the Canadian Transport Commission; the yearly
financial statistics of Bell Canada (Income Statements and

Balance Sheects) for the range of the sémple period used in the
study; and "Automatic Rate Adjustments ané Short~Term Pfoductivity

Objectives for Bell Canada® by Ronald H. Millen, a doctoral thesis

presented in the Department of Eccnomics of Concordia University

-in Septembexr 1974. Oécasionally, from now on the sources listed

above will be referred to as first, second (all the statistics

. collectively) and third source respectively. ALl the deflated

time series have- 1967 as the base year.

C.2 Data

[uvkaehamvt

c.2.1 Gross’Valué Added

Tdeally output should have been used measured in physical

~units as the inputs should refer to services, to be within the

theoretical framework of production theory. In our casc we did

not consider vaw materials fox reasons.referred to in the text




thus we used gross value added instead at constant 1967 prices
(cvap). Thus from what appéaré in the income statements as Total
.Operatihg Revenues, by adding uncollectibies and substracting
-other than»incomg taxes and raw materials_(taken from the third
source) we arxrive to what we defing és Gross value added at
current prices. Then by dividing this latter by its price_indéx '
we get what we define.as'Gross value added at constent prices.
The brice inaexlused was éalculafed from data appearing in the

first source using the formula PIGVA = (TORC-ITC-RMC)/(TORB-ITB-

-7

RMB) whére TOR is tctal operating revenues, IT is indirect taxes
and RM is raw materiasls at current (C) and basic (B) prices (all

data appear in Appendix D).

C.2.72 Labor Inout and Payments to. Labor

As labér input in the production function we ﬁsed total
manhours worked (excluding‘hours used in construction) adjﬁsted
for differences in quality among different types of labor before
aggreﬁéting theﬂ. A description of the proceaure of adjustment
can be founé in fhe first source:“ Wéican refer iﬁ passiﬁg thét
the main assumption in it is that differences in Waées reflect
differences in quality. The year of veference for these weights
was 1967? Then, after further adjusting for taking into account
payments received which do not represent remuneration for working
time and othex elementé/ we end up with the Total Weighted

Manhours (TWM) . As payments to labor (CL) we consider the figures

[N



'reported in the third source as Employec Expense.. In that study
there is also a description of how thig is calculated. Furthermore,
we can say that it includes, apart from éalaries, most of the fringe

benefits  (except those considered as tax payments).

C.2.3 Capital Input

As capital input in the production process we consider
the figures given in the first source as Net Capital Stock (NCS)

at 1967 prices. A good description of the technique used for these

,1‘

estimates can be found 'in the third source, In passing it can
be séid that these figures include averagenplant under constructiﬁn.
Furthernmore, vintage curves of the 1life ekpectancy of the different
types of capital goods were considered to find thé net capital

stock and its economic depreciation (replacement) for the company.

C.2.4 Price of Capital Service

By this we mean what is paid back to capital for its
services rendered to the production. For quick reference we
reproduce here the specific form of the Jorgenson's formula
used in our computation.

| " - o (1=ti*z)
M- X NOES : - —- o A
P = [o%ay + cofapy -~ (g - g Y S
where i = 1,2,3 .

then

q . is the Total Plant Price Index for Bell Canada (TPPIY) taken

directly from the first source,
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u 1s the Effective Corporate Tax Rate (ECTR) derived as
the ratio of income taxes (INCT) over profits (PBT) before
taxes, or more simply, income taxes over income taxes plus
net income, all these taken directly ‘from the incone

‘statements of the company.

¢ - is the rate of replacement defined as the ratib of depreciation
(DEP) over net capital stock both at constant prices were

taken from the third source.

qtmthl'is'fhe price change of capital goods and it stands for
potential capital forms.(lqsses)’accruing to the investors

from appreciation (devaluation) of them.

[

is the present value of depreciation deductions on a dollar's
investment in plant, z for the case of straight line depreciation

procedure, for the continuous case, is given by:

. A l _ N B l.— -
2= loyer d B - e (malet ]

or the disbreteiapproximafion of that
2= [rmyer ) O - Geres 5 ]
‘ (1-u) pT T+ {I<0Yp

vwhere p -stands for the before-tax rate of return and T is
the lifetime of the asset. We.obtained'average T for Bell

~ Canada ﬁy dividing the unit 6Ver the average composite
depreciation rate for tax purposes 5.3% so T = 18,868 years.

For u we used the average of the - 21 years considered while
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for p we used 15% which is very close to the average s.

So z was found to be equal to .54079.

C.e2.5 Cost of Capital

C.2.5.1 Introduction

~This is represented by the~CCi'term‘in the formula for

the price of capital services. It is a very important factor in

determining P, so it desexrves special attention in its calculation.

X

(4'

By cost of capital we meén_the~cost to the firm of

raiéing one dollar of funds. In calculating the cost of capital,

© Bell Canada's financing policies-are taken as given. In other

woxrds, even thouéh the cost of funds on the market may_be sensitivé
to the particqlar nix of debt and équity capital employed, it is
assumed that an opfimal debt-~eguity fatio has been determined each
year by managémenf. This is a.reéSonable“assumption in the case

of Bell Canada since the débt~equity ratio has remained fairly
stable and management has 1itt1e discretion'in exploring alternative

financing policies. The principal question explored in this section

‘is the determination of the cost of capitals to Bell Canada, given

that the capital structure in any given year is considered optimal.

The appropriate cost of capital foxr a fiyxm is referred

to the weighted marginal cost of capital, for it is a weighted

average of the specific marginal costs of each individual sources

of funds, where the weights are the propoxtions of the total value



of the firm contribﬁted by each source of funds. Since tﬁese
weights.can be observed directly and are considered optimal, the
only remaining problem is the computation of the specific maréinai_
cost of each source of funds, namely leng-term debt, preferred

stock, and equity capital.

The central concept involved in determining these

‘gspecific marginal costs is the market's capitalization rate, that

is, the investor's opportunity‘cost or sinply the investor's
required’fate of return. In the absence of  corporate taxes and
undefwriting costs, the specific marginal costs-fo the firm‘are
identical with the market capitalizétign rates. _Fdr example,.
if the market capitalization rate for bonds oxr thé-raté of iﬁterest‘

is 9%, the firm must undertake to offer investors in its bonds

O

a.rate-of return of 9% if it is to be successful-in-placing,its
bonds. Similar considerations apply to preferred shares. In the
case of.commoh quity, however, the relatidnship is more subtle,
for the fiim makes no explicit promise as to the magnitude of the .
retufn it offers. Nevertheless, if tﬁe‘required return on equity

is 12%, and the firm raises new equity on which it can earn only

a return less than 12%, the result will‘be that investors will

revise'thgir valuation cf the firm's shaves downwards so that
at the-new pribe'the shares will once moxe.offexr a prospective
return off 12%. If the fixm is to avoid this decline in its
share prices rcsﬁlting from its investments, it must offer a

return on its equity capital at least.equal to 12%, and this is



therefore the required rate of xetdxn of specific marginai cost
of equity capital. inAthe presence of taxes and issuing expenses,
tﬁese market.capitalization rates are a&justed to account for
narket imperfectionS,

Thus we procede as follows; Thé specific marginai cost’
of debt, preferred stock, and equity capital are first determined
sepérately, and then combined to arrive at.ﬁhe total marginal

cost of all the forms of capital raised by Bell Canada.

-

C.2.5.27 The Marginal Cost of Debt Capital

The dollar cost of debt capital is the contractual

obligation to pay interest while the debt is outstanding and to

pay the principal amount at maturity. &n egually important cost of

debt financing is the additional financial risk to the common

. shareholders which regults from the introducticn of senior

securities. This latter cost is reflected in the equity component

rather than in the debt component of the weighted cost of capital,

and will be treated at that time.

The marginal cost of debt is the yield to maturity

“required by debt investors, i.e., their required rate of return,

related to the net proceeds of the issue. To determine the
marginal cost of debt in any given year, we considered two
alternatives. ¥#irst the long-tenn Government Bonds Yield (GBY)

and second the average yiold on bonds of ten industriecs (BUS) as

NN 4 b (A £ 8BRS A R NS AGAMER S e S L €L g RS RS St e e T s . ey
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it is calculated by Mc Leod, Yound and Weir. The assunption

. for using (GBY) is that Bell Canada's bonds may not be considered

as risky assets thus the potential in&estors would be indifferent
in buying Bell Canada's ox Government.bondsﬂ. While the rationale
for using (BUS) is that Bell Canada“s bonds are congidered as
equally risky as the ones of other industries. The (GBY) series
waé obtained from the Statistical Reviéw, Statistics Canada and

’the (BUS) from the Bank of Canada Statistical Review.

C.2°5.3'nmhe Marginal Cost of Preferred Stock

The dollar cost of straight pfeferred capital is simply
- the weighted average of the indicated dividend rate for each
preferred stock issue divided by its net p:oceedé, As in the
. case of debt securities, {';here is also a risk cost to common
stockholders which is reflected in the common equity ﬁomponent~.

of the total cost.

Only in 19270 did Bell Canada resort to preferred stock
financing. Two issues have been outsténding since then: the
$3.20 convertible Ser. A preferred, and the $3.34 convertible Ser. B

‘prefexred. For each of these two issues, the indicated dividend

rate was related to the average price during the year (High -+ Low)

| 2
}Li to obtain the preferred stockhoider‘S*xequiréd return. To obtain

the cost of preferred capital, each issue was weighted in proportion
~to the .amount outétanding in the capital structure (47% and 53% of

total'preferred stock financing respectively).




~
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Strictly speaking, purchasérs.of convertible preferfed

shares as opposed to straight preferred shares make theirx

investment in the expectation .of obtaining more than the fixed

incomé'pxovided by the dividend. They also purchase the appren

ciation provided by the expected growth in the value of the

common shares and/or growth in -the divideﬁd on the common shares
thaﬁ-they-would feceive upon conversion. Instead of recognizing |
the additional cost associated with the conversion feature

e#plicitlﬁ, it is assumed that the return on equity recognizes

this reed; in other words, it'is assumed that the difference

between the dividend requirement and the total cost .of convertible

" prefexrred is adequately reflected in the estimate of the cost of

common TN

C.2.5.4 The Marginal Cost of Common Stock

While the determination of the cost of debt and preferred
capital is relatively straightforward, the cost of equity capital

requires judgment and introduces additional complications.

~Investors must anticipate some minimum degree of compensation

to induce them to invest their capital in the equity of a particular
company. The compensation which is expected may take the form of
income ox capital appreciation, or both, and when related to the

market price of the security, is the investoxr's required rate of

return.

Several methods are available in approaching the problem

of the determination of the marginal cost of common stock. Here



we follow the so-called "Discounted Cash Fiow Method". In thisv
method,'tﬁe required return is defined as the discount rafe which
makes the present value of the dividends and capital appxegiatioﬁ
expected by investors for the common shares equal to the current

" market Value of the shares. Under certain assumptions as to

these expectations, the required return can be expressed as the
~ratio. of the dividend expected by investors at the end of theAyear
and the market price at the beginning the year plus the expected
fﬁture rafe of growﬁh in dividends, or some proxy. The DCF method

is most commonly identified with the following eguation:

=Dy/Py + g

R

R = required rate of return where

Dl = dividends expected at enda of the year

‘PO = curreht markgt value of the stock at beginning of
the year

g = estimated future érowth_in dividends, or some proxy

In applying this method, the average dividend yield was
estimated each year from 1952 to 1972 by reiating the indicated

dividend rate on the common stock to the year's average market
(High 4 Low)

price

2

The principal problem ih applying the DCF method ariseg
from- -the fact that 'g' is an'expectation which lies in the mipd
of the investor and cannot be measured directly. %o arrive at a
plausible estimate of ‘g\ for each- year, the simple average of

the log-linear least squares growth rates of earnings pcx share
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(GER) and dividends per share (GDR) was computed for the.previous 
ten years. The regression coefficienfs were significant for the
period 1962-1972 for the dividends and 196541972 for tﬁe carnings
and these were the only ones considered (for ﬁhe other years g

was taken as zero).

C.2.5.5 The Marginal Cost of Total Capital.

The last step is to combine the'specific costs of
each comypnent of the capifal structure and to calculate the
weightga cost of capital, where each component is weighted by
its book value in the existing financial structure which is

deemed optimal.

'With (GBY) we consider tWQ alternatives. First, that
there is no difference in between the marginal cost 5n Bell Canada's
debt and the return on eguity capital eﬁcept the. fact that the
first is tax-exempted.  So we do not'use the DCF method eitherﬁi°
This we call case (1). Second, we uée-(GBY) to approximate thé'
'margihal‘cost of léng«term debt and DCF method as described above
:for common equity return and fhe relate for preferred equity '
return...This we call case (2). Finally we.consider case (3)
similar to the second case however using (BUS) instead of (GBY)

for the marginal cost of long~term debt.

Thus for the three-cases we apply:

T T TP Cea N . it o eur o hid AL NI N A . 1+
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where

WD

WP
WC
RPS

RCS

i

: /6 0

{1-U*WD) *GBY

[ (1-U) *WD*GBY+WP *RPSHWC*RCS]

[ (1~U) *WD*BUS+WP *RPS-HWC*RCS ]

' is the

(TCcap)

commorn

is the

'.-(

is the

is the

b
w
(o
o)
o

So finally:

PK1, PK2, PK3

sexvices.

percentage of long term debt. (LTD) on. total capital
defined as the summation of long-term debt plus

(cs) and preferred stock (PS).
percentage of preferred stock on total capital,
percentage of common stock on total capital

rate of return on preferred stock defined above

are the three definitions of the price of capital

C.2.6 Other Variables

KL

L

‘is the

is the

-is the

capital-labor ratio (stock of capital over total

- man-hours) ..

allowved rate of return as it is defined in the text

price of labor defined as total employee expenses

over total man-hours (taken from the third source).
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APPENDIX D
DATA

In millions (when applicable)




~TTE

ITC . R¥C
11%955,00000C0 184 07:6000 6.597000 28.730000
1953,000000 202-349000 701840060 30,770000
1954,0600000 21%2.864000 Ta734000 35.,000000
1955,000000 245,457000 8.835000 40.330000
1354,000000 2744632000 9,838000 49.010000
1957,000000 303.6891000 11.5%9000 53.410000
}954,000000 329,945000 12.902000 - 56.260000
1959000000 377.965000 14.52A000 60,3802000
. 1960.060066C0 406,444000 16.6%2000 63.870000
1961,000000 435,321000 18.,4862000 66.910000
1962,000000 672.920000 20-150000 72.660000
1963.000000 505.229000 21.501000 78.000000
1964,000000 545.014000 23121000 80.110000
1963,000008 5%5,762000 25,313000 90.21G000
1964£,0000¢0 644.201000 29.905000 ,steloooo
1967,000000 7054556000 35.715000 38,710000
1963,000000 761.802000 38,795000 107.290000
1%69,000000 846,150000 44.681000 133.440000
1970,0000600 942.,768000 45,4T2000 138.820000
1973,000000 1023.409000 - 52.225000 160.930000
19772,000000 1129.382000 53.880000

TOREC

185.900000

29/
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PLIGVA

-

88%.602000

YEAR GVAC "GVAB

1955, 000000 1649,422000 1480659000 1005180
15523,0600000 164.395000 162.535000 1011463
1954,000000 177.150000 175 680000 1,008367
19558 crooo, -196.292000 S2,672000 1.018789
1955,000000 215.791000 - ,212 351000 1.016200
1957,000000 241.622000 240.463000 1.008824
1$53,000000 260,783000 257.943000 1.011010
19%9,000000 303,0%90060 261453000 1.076745
1$64,000000 325.882000 301.652000 1.080325
1961,00 000 349,545000 325.199000 1,076877
1962, 000000 380.100000 361,.580000 1.,091220
1962,000000 405.728000 385,698000 1,051932
19647000000 441,7830090 £23,453000 1.043263
1385, 0000090 480,23%000 463.863000 1,0352%0
1964.000000 520.285000 513.575600 1.013065
1967,000000 571.130000 5716130000 1.00D0000
1968,000000 £15.716000 621715000 < 990349
1965,000000 668.029000 678783000 < 9854148
1974 nooooo 758.469000 753.08%000 1.007146
1971' 5600 810,253000 T84 .D98000 1.0327567
1972, oocooa' 849,810000

1.067426

€9/
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44,926000
46,059000
48,188000

31,589000
55%.661000

57.,7368000
57.596000
56.529000
54,597000
52.442000
52.,279000
53,518000
54.427000
55.792000
57.470000

56,578000

55, 488000
56,598000
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