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AUTOMATIC RATE ADJUSTMENTS, AND SHORT-TERM.
- 'PRODUCTIVIYY OBJECTIVES FOR BELL CANADA .

\‘\ “ , . v Q, -
. e Ron Millen

A

ABSTRACT
L} 3 “ ! ‘ E
! ' D . R
A general appraagh to the specification of realistic
" » - '’

short-term productivity objectives and price' quidelines is ¢

presented. nﬁ;irable characterfstics.ﬁor an Automatic

Revenue Ad)ust ent Clause (ARAC) are dlscussed. Rate
adjustments represanx the olfference between maximum

allowed lnput price 1ncreases and minimum required

‘productivity qains.

’

\

Attention as £ocused %%‘the specifi-

cation of the pxo@uctxvzty ob]ective. Since the potential
R \ . . . .

fon productivity improvement is not thé same in different

companies, a reallstlc objective can only bé set by examlnlng

the past performance of bell Cauaua.

However, 51mple
averages of historic productxvxty gains are inappropriate. .

‘ After st“dying the Bell Caragda production process, a .,
» L

»>

\i

}

hort-term productivity fo ecasting model (whlch can be

used‘to check the consisten

of revenue‘and cost estimates
-~ °\
‘in a budget view) is specified. ‘Minimum required pro= -
P . R "~.\’ )
‘ductivity gains talculated usihg this model are'consistent i

. with past performance under Slmllat circumstanoes.. It is”
N

concluded that an ARAC could be implemented within the
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L e
. CHAPTER I -
s L - QTRODUCTION \ .
; * L

During the'”last decade, a rap'idly expanding bddy

‘of literature has.developed wiEH reqard ?p-product‘:ion ,

)

theory. The explanati@ of product1v1ty change has been :

ﬁtiudied at both a macro and micrd level. Several

\

investigatlons of the _sources di-uproducthty change m‘fder

restrictive.assump.tlons have been made. In addition,
increasingly 3ophisticated production functions?”’have been

estimated. Estimation problems have led sglme researchers

fad
4

to fit derived relationships. ' Fox_gxample, an input,

|

‘ ;equifeﬁ\ent/rpo/clel can' be derived from the p'rociuction,

function if co>t mnifimization is assumed. .Debate has
also arisen over the validity of estimating any aggregate
eq‘uatio'n.‘ Although the final mp‘&ct of this developing

literature is not yet evident, new approaches Lto growth

Atheory at an aggregate level "and to the theory of the

*.

firm at a micro level hate been encouraged.

In surveying the 1ite:ature, it is evident that

‘a great deal of the research in t/is field has been g

built upon a weak data foundation. Comparison of the.

dif ferent approaches is qomplic_ated by tNe, fact that Ny -
different researchers have used different data sofreds.
- ) ) [ 4 LV
T : - ’ r“ﬁ. " ) ‘i .
¢ L R - ot

[

-+



+ Al \n.
In this thesxs, the nature of the Bell Canada productlon ®
, .
- _ process will be 1nvest1gated and some of the\hpproaches ,
. f; ¢ /

PN . b s T
menthned above will be compared using a consistent’
. A

and reliable data base?; The objective is to develop a

short-term produétivity forecasting rodel for bell Canada.

I’

Bell Canada is a regulated company and,all rate o

, changes must be apprdved by the Canadian Transpbrt
(.
Comm1351on. -In a tlme af accelergtlng inflation, the need

for more frequent rate adjustments 1s exoréssed and the

ingreasing frequency of rate cases'puts %evere pressure

*on the whole regulatory process. As a result, increasing

interest in Automatic Rate Adjustment Clauses (ARAC) has v

1 AY .
developed. -“The specification of an ARAC involves two

main problems. ‘First, given the level of output, a
. maximum allowable input level éust be specified. In éther N
words, a'mgnimum required productiéity level must be set.
ﬁesearch on the production model xs useful in specifying

"a reallstxc productiv;ty goal to be built into the AR?C.
§
: Seconqu, thé maximum allowable price increase on each

. input must be determined. Depending'on whether Ancreases

in 1nterest expense are included. the automatlc rate

i )
- v 3 -

adjustment can be calculated so as to majptain a qiven

- .rate of return on either average total capital or on
+ ‘ '

eguity capiial The second'aoal of this study is to

deveiop an automatic revehue adjustment clause for -

i

' ‘Bell Qanada. Particular attention will be directed at ’
5 o
) vz\/\ ‘ - v ’ ’ 0" =
¢ o~ A :
v ‘-\\ 3 - v ’




the determination ; an appropriéte minumum required-
. ) . S "
productivity improv@pent in each year and the- analysis .

N . . .
. - 0f the production process can be interpreted as leading
) -,

:up to the specification of £his‘&3nimum required

o

4

- .. ~ productivity gain.

Chapter. 11 contains a description of the historical

A

.develodpment and present institutional enviftornment of
, p )

Ty

1

Bell Canada. Some major %ﬁchnolaﬁical developments

occurring in the past are discussed.' An /outline of the

v

serviceq offered and the current organization of the
- A

company is given. The réqulatory~eﬁv'ronment in which
- “» the company operates is also discusséd. This background
| information is nﬁquired if the specific;tion of either,
a‘production‘modei or an automati& adjustment formula is
- 3

- to be understood. ) > -

+

! Lo ’ Chapteé I11 introduces 'the concept of an automatic -
~? " rate adjustmens clause. This concgpt is not unliknkthe .
¢ ) o quiéelines of the Prices and Incomes Commission in the
*  United States. The need for such a clause in an" T
inflationary and.deflhtionary environment is explained.
’ ' In fact, the reguiagor, the company and the public can

P .

provisions are made.

L 4
'\ ~ . all benefit from such an approach if appropriate

- -

As pointed out above, twe decisions are required

fr

to determine the size of ahf’automatic-ad%ustment. First,

.
° " * -

2 - M 4, - . .




maximum allowable input requirements must be specified

given the ocutput level. Secondly, maximum.allowable 2

l»', ' [ f
price increases for each of these inputs must be specffied., ,

«

Particular attention must be focused on the prbblem of

. . ) , o
: . building an incentive for efficient managemefit into any \
autonatic rate adjustment clause. Some of the alternate ’
-proposals which have been developed elsewhere are
4 } *

discusseq within this framework in the second section of"”
Chagter III. A discussion of the theoretically desirable
properties of any automatic rate adjustm;nt mechanism is
‘given in the third section. Finally, the.underlying L.
accounting framework and the general procedures ﬁegesaary |

)
"to calculate an automatic rate adjustment for Bell - ' o
Caniga ;re"described. Furthe? research regard;ng the -
’p;oduction process, the nature of technological chan@?\

and the cyclical behaviour of productivity qeing for Bell

Canada are required before the ARAC ciﬁ be.fully

specified. The§e.topics are treated in subsequent

chapters. / ’

. ¢ The,p}ocedures used to calcglaté various
"prodﬁctivity measures are outlined in Chapter IV. After

"_a di$Cussion of'aggregation and index Smeer problems,

: a detadled description of the development of: all inéut,

and output data is given. Some reéaders may prefer to

bypass this discussion. Howe§er, since the merit of the

. following chapters rests on. the appropriate definitian

of inputs, output, price and factor prices, I felt that

i e e e e A e e e o <oy . o Al e N oy P o 1 - el et R T s R Aol
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R4

i

. ~

. !
‘Mproduction. The implicit assumptions of alfernate

.to chle, cost minimizing behaviour andtbiogenously

x -

“this topic required a detailed discussion within the main |

3

body of the* text. The actual data are presented in )
Appendlx A (Tables A~1 to A-26).

A theoretlcal discussion of production function

and input requirement models is contained in Chapter V.

The relationship between:productivity measures and shifts

in ‘an aggregate production function are discussed. It is

pointed out that a production function can be used to’
determine expected prodyctivity trends as well as to

answer other questions concerning the characteristics of

‘aggregate production functions are stated in terms of the

“

ﬂ-basic.cparécteristiés of any technology. Kext, a method

for investigating the nature.of/technological change
directly is ddscribed. This entalls examining the rela-
tionship between factpr prlaes and varlous input and

\

output variables under the assumptions of constant retyrns

determined inpu% and output prices. Of course, any,

1 -

coﬁclusions which might be dtawn»uhing this approach |

are dependentnon the validity of the three assumptxons _
tnade, However, this method is also outlined in Chapter v
in the hope that preliminary evidence on the nature o{
technological changevmight ald in the search for a
satisfactory aggregate production functiér. Methods used
to estimate each type of production function with the

explicit specification of technological Ehanqe are
< - s / _

- )

A -
.
, K
o g e e , e



described. Finally, given the form of the production .

. \
function and the adjustment mechanism for each input, an
input requirement model is de%elopea under the assumption

- s

of cost minimization. This type of model can be used to
predict both the long-term level armd cyclical pattern of

productivity gains. .
T -

- Estimates of alternate production function and ’ ~F

input requirement models arg presenfed,in Chapter VI.

. i ‘e
Evidence from the preliminary invcstigqtibn of technolo~
. i s

gigal change is discussed first. Empxrlcal estimates ot

-

Cobb-Douglas, Constant Elastlcxty df Substitution and

some horhomogeneous production functxons‘are then
‘deédribed. Estimated. input requirement models are also
shpwn.' To Ehe extent that a unique production funqtibn -3
or a compatible set of production functiong is found,
genenal'conclus;ons are drawn regarding the characteristics
of the ﬁell Canada production process, tne\aype of ‘
technologlcal change, the productxvity trends expected in

the future and the cyclxcal pattern of productivity

)
' «

gaxns.

- L]

- A model 'for the specification of minimum required
’ p;oductwvgty gains is developéd in Chapter VII. Since
. the opportunity for productivity improveménts vary from
ihdustry toYindustry, valid productivity objegtives for
. "Beil'Cana&a cannot be set by studying tha‘bgftormancb of
’ L " some other conpany or ipdustry. It is more realistic ’ B

to base the minimum requitzg productivity gain on

- ) 5 LA

o . w R o




"« ments required By the ARAC will be at least as high as

period. - Voo

. these results with the minimum required productivity

‘regarding the implementation‘apd timing of aneARAC are

. this study: ‘Aéplica ions of the'prdposed ARAC are

7.

improvements achieved by Bell Canada 'in the past under

similar conditions. In this case, productivity lmprove-

those requ1red~undet the present regulatOry mechanlsm.

The production process in the telecommunications lndustry

. is very ‘capital intensive and changes in capacity
roe K b ]

ﬁtiiization from year tolyear lead to iarge oscillations
!

in potentlal and actual productxvity lnprovements
Howevet, the model estimated in Chapter Vil ylelds very

accutate predictions of productivity gains over the samplé .
The determination of maxlmum allowed prlce
increases on input factorj is 111ustrated 1neCnapter VIII.

Automatic rate adjustments ‘are caiculated by combining i%

[

gaint calcnl&ted in the previous chapter. Over the 'peri
1954 to 1972, automatxc adjuszments an&,comparable historic

adjustments are examined. Finally, further consmderat;on

e

discussed. o -

The last chapter summarizes the main results &f

discussed and areas equiring additional research are

pqintod out. SR - '
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®ELL CANADA - uxs'romcm. DEVELOPMENT .
AND mswr OPERATIONS :

.
<

A. Introduction

Béli,Canada opérates as part of an integrated ‘¢
comﬁunications systeh in Canada, Other meﬁbers of the .
~ - Trans-Canada Telepﬁone Systeﬁ aré the following: ° D ‘

1, British‘ColHNETE Telephone Compahy
. 2. ‘Alberta Government Telephones
R B 3. Saskatchewgn,Telecommnnibatioﬁs _—
\ " 4, " Manitoba Telephone System

P ‘ 5. Maritime Telegraph and Telephone Compagyﬁg

‘6. New Brunswick Telephone Coﬁbiny

7. Newﬁouhdlahd Telephone Company.

. . f
Each member provides the telephona plant in its ~
t N

~ own operating territory. Revenues from communication:

1

carrxed into, out of or across the territory of o
* particular member are shared by that member. Calls can :
' also be routed cut of Capada through the facilities of ‘
the cénapign}OVersegs‘Tel;communicationg’COQpbtation
whiég is also“én aa%aciate member of the TrdanCanada ' .

Telephone Systmm. ~

. -
vl ¥ ‘ b L
3

Although Bell Canada is only one of the. eight

B {
Trans-Canada Telephone System membtfl. 1:,occupi¢p a .

- .’ ¥
~ ~ . i [

. ]
- o . . ‘
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o dominant posi;idn.f.Abqut'twOvthi:ds of all the telephgﬁes

. - in Canada are opérated by Bell Canada. The operating '
\tgrritbty includes Ontairo, Quebec and;parts of Labrador

angd the Northwest Territories. Abouyt two million square. S
‘wiles of territory are covered and communications, :
« facilities extend as far north as Ellesmere Island (about

» " N' 650 miles north of the Arctic circle) . i .

PR : Before investigating either the production brocess
€ - » ' .

of ‘Bell Canada or the feasibility of an automatic adjust-

. " ment mechanism, it is necessary to gain

company 6§eratfons and th& inﬁtitatiépal fra
-+, which the COmpany'oéeQ;tes. First, I will look at the .
hislorical{developpent and major tedhnolégicai innovations
'; | thc@’have'taken'place within the‘industry. Next, I will
ukéxgmine the ownership and the organizational'structure of
Bell Canada at present. Bell Canada seiyices and their
pricing are ;lso'deacribed. The most important section‘
for our purposes concerns a description of the»prodﬁction
e processes necessary - -for the provision of these séry}ces.

Finally, the regulatory environment in which th&” company
J _operates is dedcribed.y . »

»
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" set up to manufacture-telephones. This ev@néuall&

10. ' \

\
\ - .
\ . \
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B. h};torical Development and Major Technological
;gnovations Within the,lndust_y’

\

- i

Y Strictly Speaklng, the telephone - lndusxry ori-
'glnated in 1874 when Alexander Graham Bell cdnceivéd the

idea of a telephone in Brantford, Ontario. He made tﬁe

first call in 1876 and yeceived patent'rights’in 1878.

In the following year, the rights were sold to the v,

National Bell Telephone Company of Boston. This compény

hY

N
‘organized the Bell Telephane Company of Canada which was‘g

granted a charter in 1880, The first prospectus claimed
that there were Z,Obé'customers. Thus, the present .
telephone industry in Cana&a haéxdeveIOpei within the °
last 100 Years. ' ' ’
When the Bell Télephone Company was ‘formed, the
first task was to brxng some order ‘to the. chaotié¢ .
telephone busxness. Some 01t1es even had competing
exvhanges with no interconnectlon between them. The -
Americam Beil Telephone Company put up approximately

[ 4

one—thxrd of the requxred fundsﬂand most of the major

exxstlng companxes‘were bought. In 1882, a department, was

A

v
-

developed into the Northern Electric Conpany « ’

The Bell Telephone Company had.been created to

}

serve”the whole of Canada. Because of the difficult
. - « \ ‘

-~

. . - .
1A gendral description of the History and
operation of Bell Canada and the telecommunications
industry is contained in the booklets This is 9511 Canada
and Canada's Telephone Industry In Perspectivae:w ave
\ been prepared by anada and the Trans-Canada
Telephone Systeq respectively. .

-

L s %

ke . A s e . o e e

=

~

55

o il e v A S kniden




1. ‘

terrain, existing transportation system and sparse

-

ﬁopulation,‘ﬁhié‘proved impractical. .Operations in the
Maritimes and the Prairies were sold. By 1909, the

L oéerations of the Bell)Teléphone Company were confined
U ' X ‘ ;
N ., mainly to Ontaric and' Quebec. .

’1\\~ Today, the telephone industry is engabed in much

more than the transmission of keleéhone conversations.
c * '
A more accurate description of the role of the industry

would be "the electrical tranemi4sich of intelligence”.
\

) This\view of the lndustry s role

]

as not developed
QVgranht. It developed as a resu é of major techno-
logical evelopments}gda changes/in the commuhications
requiréme ts of soc@ety. Some ‘idea of the rapid |
, technologic 1 progress made in this industry may be
gained from éhe following paragraphs.
Early telephones each had their own battery which
had to be recharged. The first improvement was to
' ‘establish commoﬁ\batte:ies located’at the central office
to serve all tele@hones. Long distance service glso
improved. By 1890, a 200-mile long distance call could be
_made. Ten years—léter, it was possible to place a 1,000
milé call. With the advent of the vacuum tube repeater
) in 1915, it‘was possible to place c;lls.from Montreal to
Vancouver, In 1920, it was feasible to call most points
in Canada and the United States. Trans-Atlantingervice
via New York was established in 1927 and in Qfsaf a

direct sontreal to London route existed,

Al




‘as well as tran

.

\ ) ‘ 12. {;

Technological innovations tock place in-switching

ission. Originay}y, all calls were
switched or cbnngcted manually; faday, Bell Canada would
need over 500,900 obegftors to fulfill this role. v
Au}omati__switching machines vere developed to connect
the figinaﬁing‘and'thg terminating telephohes. The first
di4]l office was established in Toronto in 1924. imiéf
peymitted operators to simply dial thé t;rminatipg

tel ﬁh ne number to connect a long distance call.

The growth in the number of“telephSnes was

emely rapid during the twenties, However, after the

stock market crash in 1929, growth slowed down., 1In fact,

during ‘1931 more phones were disconnected than were

connected by the Bell Telephone Company. Deménd for

© communications continued toqgrow slowly during the thir-

ties. However, technical progress continued especially

with regard to long dista&ce transmission. Inm1931, the

Trans-Canada Telephone . System was established. World

War II created a heavy requirement for telecommunications
- ,

1 Y

services,ubpt there were limited tesources‘availablé
to satisf§ the demand. 2

Follo;ipg the Second World War, two decades of
expansion and modernization have occurred. Teléphone

' 7 - . .

companies were faced with a surging demand and with a l

shortage of equipment in place.” During this period, the

population of Canada neirly doubled (12 million to |
o

20 million) and the number of telephones increased at
- . ! r

4 -
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an even faster rate (2 mill1pn»to 7 5 million). Tﬁe Bell
‘ Telephone Company only spent rt million dollars on
coastruction in 1945. By 1955,‘annual\constructlon‘ '
| expenditures were 128 million-dollars and by 1965, this
figure had climbed to 242 million dollars, \

The fifties also saw further technologlcal
.developmgﬁts. In 1958 the Bell Telephone Company
started to 1ntroduce direct distance dialxng whereby a

) customer could dial the termlnatmnq telephone number
himself This was a logical extension of Ope:ator dialed
gvitching systems. Today, it is'possible to direct dial
over 100 milli;n telephones in Canada and the Ugited‘
States. Future plans are to extend this service to
overgseas areas and a world-wiée telephone numbering
scheme has been established. Developments in switching
nacgined have also made it possible to provide many new
types of services to customérs. The trend of techno-
logical developments toward automati? switching has made
it necessary for telephone companies to employ more '
capital ﬁer unit of 1abo£‘used, i.e., to become more
l’capitul intensive,

Transqission technology Also continued to Qevelop\
during the fifties. 1In 1958, the Trans-Canada Microwave
System was. opened. This made it possible to provide
nationwide television and radic. Service has been
extended northward by radiotelephone and by trOposéheric

scatter syaﬂéms. The first commerpial troposgherié




7

seetter‘system was established in 1958. In the future, g .
, satellite communications will also be used to provide
service to thg north.
During the sixties, the rate of growth of basic

0 telephone seryice had become more. stable. However, the

- scope and variety of new communications services is

‘

increasing very rapidly. -Long-term growth of the industry
hinges largely on diversification singe the growth potential

of basic telephone service has declined.
" 1In 1968, the Bell Teiephoqe Company changed its . .

2

*  ‘name to Bell Canada. This“is indicative of the changihg

role of the company. In the future, data transmission

¢ o

is expected to form a larger share of revenue than voice - .
- S

transmission., The Trans~Canada Telephone System has »
, recently ‘announced thecopening of a coast-to-coast data.

transmission network wiich will be dedicbted’solely to
LN

data transmission. In additxon, the vanietiea of uhaic

»

telephone service have proliferated during the sxaties.

This is an expected development in an increasingly
.\ ’ 5 S - o ' !
affluent society.

-

C. . Ownership and Organizationﬁl . ‘ F‘
Sfructure of Bell Canada®’

L @

Bell Canada is a ptivately ownéd corporatipn’with

L4

more “than 250,000 sharehoxders.. More than 98 per cant ot

4 -
B

r

iMuch of the,information contained in this :ectioa

v

is available from thé Annual Reporta of Bell Canada and -
s;?iidlary companies. ) -
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" does not have voting control in the Maritime Telégraph
’ \

Cand Teiephone Company. The Island Telephone Company is

s Bell Canada has an agreement with the hmerican

15,

1
' ’

I

the shareholéers are resident in Canada and less thon
5 }er-cent of the shares are oyned by foreigners. The
hmeg}can Telephone and Telegraph Company owns less than
2 per cent of the shares of'the.qeffony.~ ﬁith more than
four billion dollars of assets, Bell Canada ranks as the
largest Canadian company on this basiefk‘There are about
40,000 employees and total sales are in excess of one
billion dollars. ! -

. Bell Canada owns approkimately 50 per cent of the
New Brunsyick Telephone,Combany, 99.7 per cgnt\of‘the‘
Newfoundland Telephone Company and 52 per cent of the

Maritime Telegrapﬁ and Telephone Company.#puowever,'ﬁellu
) . . ~
¥

in turn owned by the Marxéﬁme Telegraph and Telephone
Company. This company serLes Prince Edward Island but

is not & Member of the Trans-Canada Telephone Systeha y

Telegrnph and Telephone Company {A.T. &nd T.) by which
AT, and T, agrees to provide advice and assistance on‘

technical and operatinq matters. Nine major telephone
[ 4 ¢ o

organizatiopz have' a similar agreement with Bell Canada.”

£
o~ n LI ‘ . ’

» .+ lrhese comments regarding assets, employees and
total saloa apply tosthe year 1972.

’
54
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¢

3e11 Canada also owns Northern Electric,! Aan

agreement exists requiring Northern to manufacture.

materials upon Bell's request. However, the company'also 4
s&lls in other markets and has been a }nejor exporter. .

. . N
Recently, Northern has continued the trend towards .

' : M . , . U
concentration on fewer product liqes. In the .past, ' ‘

N Nofthern has_ had a“reciproéal agfeemnt with Western, -(,'

Electric (the manut'ac’turmg subfidiary of AXT. and T. ).

+

regardlng the chhange of 1nformat10n relating to the'

. Y L4
development and manuﬁactt,tre of telephone eq&pment.

The Bell-Northern relationship has been the subject

o . N
- - .

of much study. In the 1969 rate case, . conclusions of an

|

: audlt of Northern sellmg prices were. presented 7 It was \
repdrted that "in the case of all items examined by us,

with the exception, ‘of minor clencal errors, the prices

-

charged to general trade customers were as high as or higher
than, the eqnivalent Bell prices. Exhibits B-60 and
B-61 preseénted further evidence to the effect 'that Bjelii ' ’

Canada pays lower prices to Northern than would be charged
I . L ) .

D S

bycalterhativeLCanadian or United‘States suppliers. 1In

[

this thesx.s, no further examinaticn of this issue will be

/

made. . ‘ / " , /., 85
N An iutegrated system of companies has developed in . b

‘&e telecomunications field. These gevelcmenta have been.

i

‘Recently, a public offering ot shares has been made.
Bell Canad will retain about 90 per cent. ownership of Northern.

: lIcapdta, Canadian Transport Comission, Telecommunications '
-Committee, Bell, Canadt application. Aptil 1969, Exhi‘bit B<56
to 3-61.

p -
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encouraged ‘hy the Highly integrated technology involved.. With
growth of the entire industry, speciflized functions- have
} »

expanded to the pog'.'nt where they are ;nanage;i most efficiehtly as

separate compa‘hies\wiwin an integrated's.y‘stejm. Examples include

Bell-Northern Research, Miérosyatems fn£ernationa1 and Tele-Direct.
_ In\ this thesiqs, I am only conc':{erned with the |

Bell Canada prod;u‘ctior& process, Thixs, the organizafion

of Companies engaged in research and development is not '

~_"-direct1y J:elevant Consolidated date for Bell Canada and
Teledigect are used so that the sgllttxng off of the

‘ dir:ctory advertising busipgss will not affect the mix of

‘.inputs and outputs. This wi‘ll make aiggregg:m input and

“;.mtput series more reliable. Belk's official:share of
total Trans-Canada Telephone System révenues are falgg/n/on

. the assumption that the methods used to distribute “revenues

", have remaine}; fairly consta'x_xt' and p:;:vide a reasonable ! u

ahgr‘ of revenues to Bell Canada. . ‘ .

A knowledge ‘of 'the interr;al organization of éel.l

Canada, is useful in studying tHe production process of

tﬁe c ¥ Since population density is an important

variahle 1n‘detbnlining the cost of provxqu service,

, ‘dibagiﬁie?ation on a geographica}"k}e‘s.ﬂ may be a. useful

stepz'. pén Canada itself is d.ivided into two operating

regiox{s_. Western Region .con;ains Toronto Area, Western

Area and Central Area. Eastern Region cont_:wains Montreal fi\;

ol . ) !
Area and Eastern Area.” In addition td”’thes}:e‘ two regional

groups, Eh?ee other' major divisions exist on a functional
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18,
basis; Computer Communigations and Network Services
include the provision of data and long distance voice °
services. which are not provided by a particular geo- .

-

gfaphical fegion;’ Operations include headquarters
engipgering, systems and operatfional staff, A final
division ‘encompasseg administrative functions at
headquarters. lt‘includeg‘depagtmenté, Quch as ireasury.

a&counting, public relations, law, regulatory matters

and personnel.

4 / -
D. Services and Methods of Pricing! . \\

Bell SéFVlceS may be-divided into three main

categories - local, toll and miscellaneoua. Other income
such as dividends from subsidiary companies, dividends

!
from other 1nvestments and inLerest from other investments

/

i nus interest on plant under construction is also -

-

received by 'Bell Canada.
A breakdown of iocal service revenues and the ,
value in millions of dollara for each category in 1972

is shown below. ’ d .

-

l1The classification of Bell Canada sarvicol in
\\\described in detail in the Bell Canada Memorandum,
£"Bystem of Accounts®, General Circular, 101,15,
i . et = :

-

.

£ ]
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Contract Cha‘z"g'es 568.2 °
Ngn-Re_curring Charges | ) 28.9
Message Charges - 1.6
P@lic Te{ephone rlB‘.l
Service Telephoné | .1
Local Private Line Service 12.8
Total Local Services 629.7

Contract charges are the basic monthly charges '
paid by business or residence cusFomers while non—;ecur!}nq
chagges:ate based on ixf"/stallationiofn ?efvice, termination
and restoration of ser‘{rice, initial Icha‘rges for color or
Princess telephones, etc. Mess;c;e' cﬁaxqes Linc]tude
revenue from messages in exc;essicf the allowance covered
" by the re%ulaqr monthly éontract charges for hotel
‘~ private branch exchanges or mobile radio telephones, etc,
Public ,telephone' revenues accrue from coi’n ope;rated
l\:éleph%nes. Service telephone revenues‘arise when Bell
t;nly provides the.switchilng facilities and the terminal
t;lephona equipment and lifies are provided wholly or in
put‘b'y others,.”Both local méssage charges and service
telephone chargén ara,'relatively'small. A final cgteéa\ry
of local service is local private line reve::me.‘ These
are sexvices v;hich provide coumunic;t,ion lpetween pohints
within the same telephone exchangé and do not require
' central office switching. These private lines may be
used for voice‘; teletypewriter or program transmission.

Cost 1:: one of the factors considered in the

 pricing of local scﬁ:iee. However, this is not the -only
: v, - S —

- £




}actor. The value of seryvice concept has‘been used to
support the hypothesis that the price should vary with the
number of telephones which can be called toll free. ‘It . .
‘is also Elaimed that to insure an equitable and fair‘iate
schedule, all custcmers who can call the same, numBer of
telephones toll free should pay the same monthly rate.
This obvicusly means that the rate table discrimxnates in
favor of rural customers where the cost of providing
service 1s hlgher. The costs of prov1ding service have
become a more. important factor in the prxaing of some
gypes of non-recurring service cHarges in r?cent years,
Another point of debate concerng charging on a flat
-monthly basis rather than ¢harging on é per message basis,
This is the basic issue~invol#é& in the introduction of

- Extended Area Service,

Bell Canada has enf#xqed the anber df telephones
which individuals in many cowmunlties can call toll free. -
ASince monthly charges are based on the number of telephones -
wh;ch can be called toll free, the monthly rate is
increased. Another result is that the number of conversa-
tions between pointslwhich were not in the local calling
area‘ingrease séveral ¥imes-ove:. Extended Area Service
haS'beed questioned on the grounds that it. may not lead
to an efficient use of resources and may be used to . }
increase prices unduly. In spite'of this cr%tictsm, most e
customers appear to favour intro@uction-of the scheme in ' oo

each instance and it does lead to reduced billing expense.
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!

.

' extended to larger and larqervareés in the' future. - This

) _1oca1 services which are offered, Residence customers

\transhission of data. However, the present role is

[y

4

Some people predict that flat rate pricing will be
' A

i

would be in contrast to developments.in Europe and the

]

United States where charges are levied on a per message

basis by many companies.

A recent trend has been to broaden'\the scope of ~
A \ N\ P

cgﬁ now purchase touchtone service. In th future, it is
expected that the touchtone set may be used for the
usually restricted to conversation transmission. Ny
Contempra and color telephone sets represent modxficataons

in design and style and mlqht be classed as néw aervices
Business custormers now have aécess to an even greater

variety of terminal equipment. Speakerphones, automatic
dialers and call referral systems are increasingly

popular. A wide range of pBX and cent?ex office switching
equipment is/also offared . These new services illustrate .

the trend towards product dxversification which is

occurring in the provision of basic telephone service.

In the future, planners fgoresee the development of

‘a«w;%eé city.. Each dwelling would have one line through

which would pass voice and data communications.
Merchandise could be ﬁiaplayed on ‘a screen for home
nhoppinq. Ntwapapercﬂor library refereﬂ;e material would
"be in-tantly available. Honey would play a minimal role

in such a lociety as the cradit system would be almost




-

complétely computerized. Th;s qpnception may not

materialize in the near fﬁturé,:bué it doeskindicate

_that, the demand for local service may be far from exhausted.
1£e‘§dlue in millions of dollars for each cateéoq’r ﬁ .

of toll seri&ce revenue in 1972 is shown below.

~

2 Message Toll.
) Telephone 369.9 ,
_Other . 4.3 !
Wide Area Telephone Service 27.6
: {
" Toll Private Line 62.8
‘Other ) L3 N
:Total Toll Services 464.9 ‘

Telephone meésaée toll revenues include chargea:

for all toll services furnished on a message charge -basis,

It 1ncludes revenues from tollycalls made from regular (N
exchange or toll telephone stations to transmit data over .
the switched netwérk Other message cﬂ;¥ges include lacal s
and toll messages charged on?a per message basis which
origlnate ;; teletypewriter {(TWX) stations. Other wa ’
revenuea “from xnstallation, move and change charges and
szthly charges are also included Wideband data services,

such as Multlcom. are another typc of other meusaga toll

’ service, Wide Area Telephone Service (WATS) includes

révenues from services and facilities furnished for the
SR (

transmission of voice commﬁnications over the general toll

switching network charged for on either a flat rate or

measured basis without regard to the numfer of messages.

Toll private line services provide communication (voice,
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teletypewriter, signal, etc.) between poiﬁts in different
telephone exch;nges and do not require central offiQF

‘swiﬁching operations. Telephone toll private line’

" services refgr to pgivate‘line services furnished for
voice transmission (it includes foreign exc@ange, off-
;remiaes extéksions_ggg:tie line service). Other types of
toll private 1ine'éervibes include’privaée lines furnished
for leletypewriter communications; message switching of
data, radio and television programme tr:;fmission, Telpak,
‘fignailing, telephotograph, remote control and data
processing services.. Other toll service redeﬁbes include
all toll revenues not provided for elgewhere.

The, pricing of long distance telephone meséages
is based on the length (in minutes) and distance of the

" call, the day and the time of day when the call is made
and the type of call (direct distance dialeé, opératpr
handled station-to~station or person—to-person). The
actual determinatiop of rates is based on a considersation
of th;‘¢os£s‘inuplved. This implies a relg&ionship
betwgen grice and diatance. Initial conversatior minutes

- are pricea higher. Charges also depegﬁ on usage of the -
network at the time that the call is made. Altﬁough

_-costs are considered, no exact determination of prices
can bn'midc on this éasis alone. Aﬁ equitable and
easily understood rate table must alsp ‘be developed.

On the basis of these criteria, all calls over the same

distance are priced at the same level even though the

- b e~ o )

”~
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costs may»noi be equalké‘ven ‘the existing structure of

s,

the network. S
Flat rate priéing has also been extended into the
toll service field. usinesses may purchase w;lehrea

I~
Telephone Service (WATS) which-enables .them to make long

distance calls thhln a certain area. The largest area
which can be purq.'sed would include all of Canada.
At this time, I want to point out that many of the
revenu; categories/which ha&e been discussed include both
‘ ) voice and data communications., Data communications may
fall under thé heading local contrack, messéqe toll, WATS, -////4
local or toll private line revenue, etc, Bell Qanada
does not monitor the use of] communicatiomlines and hence
.no exact estimate of revenuk from data t}ansmissiop is
; available, However, it is étimaied that data trans-
. " mission may rise from about 20 per cent of tota ‘;om;uniw

/ . .
. cations to over 5G per, cent within the next five/ years.

A separate organizational division‘}Computer Communications
) " and Network Services) has Been set up and the Trans-
Canada Telephone System has recently opened a digital
transmiséion«netﬁork solely for the gransmihaion of data,
The growing importance of data transmission has
been accompanled by an expandinq variety of terminal
equipment, The main development has been Data-Phone sets.
These telephones transmit the electrical signals produced
'by machignes into voice frequency signals which can be ’
’; gransmitted over the entire telephone network, Other data

»
{ 1
.
’

v




- hand-written messages; Phone-fax - a facsimile system

‘available through private line o ings. Bell now offers

_gt.dollaré for each category four the yeai 1972 is shown

25.
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.

communications services are: Telescript - to transmit

inteqrated with the telephone network; and Dataspeed - a,

1 000-word-per-—m1nute paper tape transmission system.

'I‘ransnéssion linesiof higher c&a\::y have been‘made '

modulators (MODEMS) which will interface with machines
requiring higher tx‘ansmissi'on spaeds. The company hopes

to expand this business and. even to proviée' the f;‘ont—end‘ )
of computer installations in the fl\xture. A service known

as ﬁesaage Switchin’é Data Service hgs been developed to
provide a means whereby afirm's private lines and .
reqular teléphone facilities may be co-?rdinated to
facilitate the exc{hange of traffic, Tfle 'sys,tem \«li;l be
capable of collecting and storing large amounts}z of datah

’

which can then be forwa‘rded as a bulk transfer later on,
[ .
Miscellaneous revenues are the final type of

aei:vi\ees which will be considered. The value in millions

below. These figures represent a consplidation of Bell

Canada and"rele-ni;:ect Revenues .

~ Directory Advertising and Sales 45.7
Rentsy . | 7.1
Ge;oxﬁl Services and Licgnces 2.2
4@; Other . . ' 2.6
'.l‘o_taI'L;&%cellaneolua Revenue 57.6 - >

0

* l
i
1
i
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Since Tele-Direct was only formed July 1, 1971, we‘
calculated 1971 and 1972 revenues to be consistent with
earlier data. Directory Advertising services includé
local white and yellow pages advertising, national white
and yellow pages, advertising, commissions received for
selling advertising in other companies'directories and any
revenue arising from the sale of direétorieQZ Rents
include- revenues from the rental of telephone plaht such’

as circuits, space in conduct, pole attachements,

building space and equipment. Premise rental paid by . .

Tele~Direct to Bell is deducted, Tele-Direct revenues

——

from the leasing business are not included as these did

not compose part of Bell Canada operations in the past,

Amohntszgccruin for services rendered to other\éggpaniea
. - <

under a license agreement and general service contragt

are shown| separately. A final category, other miscellaneocus ¢
revenués, includes all miscellanéous operat}ng revenues
not provided for elsewhere. Bell records Tele-Direct .

commissions in this category but these must be eliminated *..

- '
f;om a consolidated income statement.

E. Production Process
-~

Many of the services described above use the same
equipment. The same network can be used for voice or

data transmission although a separate network for serial

© transmission of'data.is being built. Similarly, terminal

equipment, such as a simple telephone set, is used for

both lohg distance and local calis. Disadgregation of
As ) N o

~
[
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production by service would make little sense” because the

majority of costs are joint. A more promising approaczh is

to investidate the four basic steps involved in the

provision of most types of communications serviée.

The first step is the provision of terminal
equipment. As described above, an increasing variety of
, terminal equipment is choming.available to residence and
‘business customers, Services are often identified by the

W’Q B
type of terminal equipment 8ince this is the most visible
aspect of the serwvice to the customer. However, this i<;4’
only part of the service offering. o \

The second step is to transmit the analogue cr

digital ;ignal to the local switching centre or central

ol \\ office. In the past) all dataéhas been transmitted in

[

\‘ /I. - v
\, analogue form but plgns are how underway to prov;dg

\\\digital transmission. This usually means wideband lires .
which can be used for seriél»trangmission éf several

" channels of digital information as compared with one
channel 0£°;nalogue informatioﬂ. '

Thero'bnve been no dramatic infovations in the

bonision of local:looping. However, facilities and

methods have improved. It ¥as become possible to use

finger gauge wire and to reach out furﬁher)from a central

s = TN\

“office with the same gaﬁqe of wire. Cables ike gradually s

replacing steel wire in rural areas. Better quality

"+ cable is now 'available and more cable is being buried.

‘

This results in more reliablé service as well as a more

an:iﬁotig environment.




‘operation which is usually carried on at the central

¢

iy
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One method which has been ‘used to cut the cost of

providing local lines of communication involves the
% . " 1

concept of'deéi;ated'glant; A cable is permanently

attached from each Qddfess to the switching &§rere- The

§

dedicated method results-in virtual elimination‘of line

and station transférs, reduction in man-made tfoubles and
. . s %

improved loop transmission.

A second method of cutting costs is the use of’
wd ,

concentratgr equipment to serve telephones which are a

considerable distance from the céntral office. The linex . -

R

' of many customers feed into the coécentrator but a .-

+

redutgd ﬁumber of lines lead to the central office.
Althéugh there are cost s§vings which result from the
geducgd'ﬁu&ber of lines going to the central office, tﬁe
concentrators themselges are relatively expensive., A

similar concept is to actually distribute the switching

-

office. This technique has. not been used in Canada y%t.

» At some point, the. message must be routed so

3

that it will eventually arrive at the correct destination.

This function is known as d&ﬁtching and it is the third

. a - R -~ .
pajor step in the production chain, Actually, the .
; 'y P . 1',?
‘communications network can be thought of as one large v
‘J, ! .

computer makitg milliong og’logical decisions évary second
so as to interconnect the continent's telephones.

Switching machines have replaced . the manual process of -
connecting incqﬁing and outgoing lines. JTgﬂay, three

T -

RN 4
? - ‘ =
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& 4
» main types of switching machines exist. )
Step-by~step equlpment uses a numbeinof separate

switches to complete each call .As' the cqstomer dials
each digit, the machine follows step by step ual a
. pathway to the desired telephox;e has been established. ,One
disadvantage of this type of machine is’ that the number of
+ ' switches and their arrangement are tipd directly to the
nurbering plan. This means that the equipmeht is dlfflcult
<to modify as citfes grow or as Extended Area Serv1ce is
introduced.
\ Crossbar switching machines are more verSatJ.le and ,’
flexible.. 'rhey operate using common control. Ag the
R cuatomér dials each digit, this information is sto'red."
An appropriate path thr;mqh the switching network ;is |
found. # When thig path is found, the approp:iate switches
-, are Na,cti\'mted» and. the common contro].'equipment becomes.
' " free to handle another c}ll. Advantages of this machine

A}

are that it can easily pe,adapted to changing local

numben.ng plans, it is faster and it is more economical
s sinoe the number of switches requ’ixed ‘is not d:.rectly ~
linked to‘ the number of ‘digits. Many new, services can be -* .
provided using r,:fonbar gwitching. These include pushblfttpn ,

~ . dialing, Hid.e Area Telephone ahd Centrex services.! .-

Crossbar equipa;\ént is 'qr;\dnally replacing' older step-by- h

step imtali\atioqs. ‘Po\vg moving parts result in-a major

“!f

- [ N a ¢ .

~
D

. © lgxtension nunberaﬂcan be aialed directly with
) c.ntrax service, -
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reduction i’n‘maintenanoe expense with crossbar swif:chiné
machines. |

...» Even moi:e ~flexib1e switching machines exist.
Electronlc wa.tching Systems (E s. s ) use stored program®

¥

and hence are very easy to momtor and modify Maintenance

expense is reduced since the numbér of moving mechanical
parts is reduced. 'Mnny new services, such as .the
automatic transfer: of inc'omingJ —cnilé, -abbreviated dialing '
and conference calling are possible with E,S.S. equipment.
+ The first E.S. S. office for regular use was egtablished
" in Montreal in 1967, ’l‘hese fnachipes will become tiore.
-coimﬁon in the”futur,e', especiadlly in local *switclfxing

7 - . ’ .
offices. . - . - o - . ) n
A. disqmction ‘should be made between logal and’
[ J A7

- toll switching. Loc./ 1 switching occurs at the customet's

3
»

Al

first point of gntact with the switching net;work Toll °

switching machxne"s are capable of examining the area code

and the’ switching unit code. A wonld wide plan for the _ '
| .

. assignment of area codes bas been agreed upon, Both
j*k (‘ .cl \
'switching unit cdodes and area codes have been assigned at’

.x:andom throtghout North \America. A heirarchy of
_ gwitching foficés enables a customer to dial over 100. N
' nkillibn telephonec diréctly on this agont.inenﬁ‘." In the.

. . . . )
future, ditect distance dialing will be extended overseas, °

”9 o Auﬁcmatic billinq has been devel.oped in conjunction
with automatic switchinq machines. Equipment is- attached. P

’ . -te‘the ‘circuit apd the requixed information is produced

"

“ #0 v . “ Yy
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- service is tranamission of the. informatfon. Technological

o e e . eer e anom
i
L
/ 31.
. .
-
’

in the form of puncheg\goles on paper tape. Information
[ ! . ~
on this tape is transferred\to punched ‘cards or magnetic

<tape for corpnter procéssinq. At some centges, it is
still neciiéagy for an operator to record the number from
‘which the all is being placed..,ﬂowever, this human
D e
function~kas -also been elimlnated in many centres. In
the future, calls which are curgently operator handled
will be dialed directly by the customer (person-té-pers&n
calls, collect calls, credit cardncalls, etc.).. Thé
operator's role will be elfhinated almost to that of an -
cbserver and the present card type,sw;tqpboards will °
disappear. 3: S ’ o
The final step in thpwprovision 6} commuSication

ot
e

proqréss has been as remarkable in this field as in

Iwitchinq. fca;rier techniques are now used. This is an
alectronic¢ technique which makes it possible to transmit
a number of voice conversations along a single pair of
wires, Costs are.xgéucedland transmission quality is
_ improved. * Cables and microwave systems are héing used
cxtonsivoly to take full advantagé of this technology
Open wire lines have a lowerUbarrying capacity and are
luncoptibla to ‘storm damage. Althqugh the Trans-Canada |
Ttlephonc Syncem has a microwave nthozk, cqaxial cable’
iu now eonpetitive vith microwave for some sho:t haul

routes, It is expected that mor-~coaxial cabla will be

installed in the future. .
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In Northern regions, high frequency radio is
" ancther transmission device. Climatic conditions make it
uneconomic to Q&ild and maintgih txanspission systems used
in the south. Troposbhefic scatter‘systems.are also’ used.
Radio-telephone signals'are beamed from.a ground station

and reflected back to earth by the troposphefe at an

altitude of about 50,000 feet. Another possibility in

the near future is satellite communication. Research is

going on in this area and the telephone system has rented

communications channels from Telesat. One disadvahtage
of high altitude synchronous satelliie;gxfkems’for two-way ’
voice communication is.that the half second inherent delay s é

in the signal returning from the satellite produces
echo'problems. Medium altitude satellites overcome this
;;obleﬁ but ;equire\trackiﬁg equipment and a larger al
number of satelliies. In the‘dis£ant future, laser beams
and ‘wave gyide systems provide the best potential for
development. At‘present, wave guide systems caneonly be
used over ; few hundred feet to connect mitrowave.
equipment with the antenna. . \

Regardless of the tyﬁé,of-tr:nsmission system used,

- the network must be constrhcted”With‘certain pfinciples ) '
in mind. Mes;ages'are grouped"at toll centres before <
they are transmitted to gpé,néxt grouping point. Dixoct

- high usage ttunkg only iink offices between which a large
volume of traffic exists. ‘Switchinq equiﬁnant is

programmed to try to complete a call using the int_dirhct

r
LN
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route. If this route is busy, an alternative route is

tried. This type of network results in higher utilization

and lower costs than if all points were linked directly.
The network is also engineered to provide maximum

. J
reliability in the event of disasteér. . Bypass routes are

constructed around major cities. Major routes always have,

an alternate paiﬁ and these are separated geographicﬁlly.

Key lines of communication receive additional protection.

Network management essentiaily involves the'balancing of

. circuit and switching capabilities on a nationwide basis

to reduce congestion. This function bectmes more important
during an emérgencyfand emergency opération centres are
maintained in strategic iocations.

It has been pointed out that transmission quality
has been increased significantly in éhe past. However, a
deqrée of noise and delay distortion still remains. This
leads to problems in the rapid communication of data’
whate distortion o} the message results in data errers.

The solution is to make higher quality transmission lines

available for data transmission. Wider band widths have

_also been provided through such services ‘as Multicom and

\Telpak."a network is being developed which will transmit
data in digitg; rather than analogue form, thereby
.t‘ducinq errors and signif/;antly lowering the cost of
data transmission. -

- . This completes the description of the four main

production processes which are the provision of terminal
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equipment, local loops, swﬁtching and transmission

service. All four processes are capiﬁal intensive and have
been subjecf to rapid oapital—usingmtechnological dhange.'
The jbintness of costs for pafticular éerviceg and the
relationship between technological change and the -

introduction of new services have been indicated.

F. Regulafory Environment

No description of Bell Canada's operations would '
be complete without mention of the regulatory environment
within which Bell operates. ;n this industry, the size
of the market is small in relationlto the caéital
investment which is required!to provide service. 1t is

in the public‘interest to limit the number of firms in

‘the industry and to regulate the operations of these

firms. The telephone industry is an extreme case, in
that each firm is a natural monopoly within its operating

territory. '

.

Bell Canada operates under a Federal charter and '
is reqgulated by the Canadian Transport Commission under

the Railway Act. The essential behavioral asp%cts of

the regulated communications industry iﬁ Canada have besn

described as follows: ' N
. . ‘ f._\ . .
1. Large segments of the induatry are
. regulated in the public interest.

2, The industry estimates the amount of output
that will be required for some period in
e future, and then sets about to provide.
is output in tho most uf!icient way
passible, - D
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3. Anticipated demand determines ‘the size
. . . of the capital stock required, and this in
Y ’ ‘ turn determjnes.the amount of current

' investment .

L Pricing under regulatory constraint is
. ‘ . . . . geared primarily to ensuring that the
industry can marshal the financial resources
required to finance necessary capltal expansiocn.!

s

This descrxption would alsm apply to the environment
N within which Bell Canada has operated.
‘ With the growing importaﬁce of the telecommuni-
catjons industry, the fedegal government created the
Department of Communications in 1969. This departmeni is
impowered to . .

1. co~ordinate, promote, and recommend national
policies and programs with respect to
communications services including the
‘Post Office, s

2. promote the establishment, development, and .
efficiency of communications systems and
fécilities, -

3. assist Canadian. communication systems and
facilizies to adjust to changing domestic 4
and in ernational condigions, .

4. plan and co-oydinate telecommunications
- services for departments, branches and
agencies -of the Gnvernmeqt of Canada,

. L \““\~2f complete and keep up-to-date detailed

' « in ion in respect of communications
systems and facilities and of trends and .
lopments .in Canadd and abroad relating
t communicctiqns matters, and to ©

vt e . \
‘ e L .

'] » .

-

IR, Dobell et al., ’Communications in Cmaaa- A
gtatistical Summary™, Telecommissian Study 2 (b} (i),
prepared for Department of Eommunxéaiions, Information
c:nada, Ottawa, 1971, p. 8.

+? s
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6. take such action as may be neceBsary to
secure, by international regulatlon or
~otherwxse, the rights of Canada in ’
international communxcatxon matters.!

One of the first tasks of tbis department was to initiate

a series of Telecommission studies which examined many

aspects of the industry. A Green paper outlining the‘
federal gbvernment's present thinking on National Tele-
communications Policy has been prepared. The basic >
proposal is for one agency to carry out some of the
functions of the Canadian Transport Commission (regulating

., common carriers) and of the Canadian Radio and Television

Commission (regulating‘broadcasting). Such an agency will
be authorized to take a much closer look at the operations
of common carriers. For example, detailed long range

construction plans will havi £0 be submitted. A split of
authogity between Federal and Provincial governments wiil

have to be worked opt. Negotiations and discussion will

occur in the near future. 1In the meantime, the Depaftmeﬁt

of Commufiications is assuming an'activ?\rolé in such

matters as the maﬂagemant of the frequency spectrum and

the internatxonal aspects of telecommunic#tions regulations,
The Canadian Tra&sport Commission itself has also

adapted a new attitude toward regulation. A cost anuiry

H%n{been appointed to take a detailed look at specific

questions, such as the allocation of costs and the rates

;

T lIbidq' PP. 16-17.
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e’
charged for particular services. Accouniing practices
with regard to’deferrgq income taxes and deprecigtion
- are also being investigated. Other questions, such as
interconnection and the Bell-Northern relationship, may
be investigated. The above develépments and the formation
of proviné;al government departments in Ontario and Quebec
to deal with communications all indicate that simple
raté of return criteria'ﬁéy;pot beuthe pattern for
regulation in tﬁe future.

An undé?standing of the characteristics of the
production proecess is necessary for the invéstigation of
many specific questions which arise in the regulatory
arena. The answers to the;e detailed questions are only
avdilable from a somewhat disaggregated model of the Bell
production process. Such a model would also be useful for
internal management purposeé; 6f course, obtaining
ansvwers to more.éeneral guestions (such as the extent ofr
overcapitalization or undercapitalization) might not
require the same levelﬁof disaggregation,

T In this thesis, a Bell Canada production model is
"UIGQ to analyze a spécific regulatory problem, i.é., tlve
Qetermination of in appropriate rate adjustment in an
inflationary economic environment. When ;11 priges and
costs are rilinq iﬁ the economy, it will usually be
necel-tfy to raise the prices of reqgulated firms. The
difficulty lies in determining to what extent the cost

increases should be offset by productivity gains. 1In




order to set a reasénablé'ﬁroductivity goal, ig is

. * necessary to understand the characteristics éﬁgthe
.produc;ion process. The frequency of rate applications

rhas increased during the last decade as iyflat}on has

acceleratéd. A full spafe rate application represenﬁs a
costly and time consuming solution. ﬁowever, any move
toward a#xautomaiic rate adjustment mecha?ism would make
it necessary to determine a quanfitative proﬂﬁctifity

‘- go?l and a model of the prodﬁction process:kpuld be
essential. ’ o .

The next chapter describes the need for an’
ﬁﬁtOmaticlraté adjustment mechanism in more detail.
Theoretical advantages and’disadvantages of propogpd
gchemes are discussed and a conceptual outline for a
Bell Canaéa automatic rate adjustment mechanism is

+ proposed. In subsequent chapters, a Bell Canada

production model is developed and integrated wzih the

prOposgd'autométic rate adjustment mechanism. 4




Chapter IIIX
; \

§ ’

AUTOMATIC RATE ADJUSTMENT CLAUSES

A. Problems of the Present Regulatory
Bystem In an Inflationary Environment

An increase in the price of any input may be
offse*kdf le;s of that input is used to produce a unit of
putput. 1f the dollar value of increasing input prices ‘
‘ls greatef than the dollar value of productivity gaiss,
either the price of outputs must'ie increased or the rate

of return to capital must fall. During the fifties, Bell

Canada was able to offset the increases in 1ab6r and inter-

. mediate input prices with productivity gains."There were

relatively few rate cases and the prices of some services

acﬁﬁally declined. However, the accelerated pace of

¢

inflation in recent years has meant that more {requent rate

‘applications have been made,

Although total fictor productivity‘gainﬁzhave‘been

higher during the period 1962 to 1972 than in the previous

decade, this source of funds has not Been sufficient to
counter the increase in costs. On the assumption that
demand for telebhone service is price inelastic, applica-

tions for price incfeases have been made to prevent)a

’ deciino,in the rate of return to total average capital.

In idditipn, the cost of capital raised through debt

“
L 4 ’ P
é
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instruments has increased as a result of the inflationary
premium built into interest rates. .This additional cost

must also be covered if earnings per share are not to

\
N 7
decline. ‘ -

.

A rate épplication involves a formal legal

a4

procedure with the presentation of evidence by the

o

telephone company and intervenors. Witnesses are cross-

examined after the presentation of their written testimony.

e

There has been a tendency for a larger number of

\interveno;s to.take part and this has countéered any

attempt at spe;ding up procedures. Each application

becomes a %eneral exaﬁination of company operations and is' s
usually long aﬁd costly. 'In any case, the decision Bf
thE Canadian Transport Commission is subject to revision
by the cabinet. Direct costs incurred by the carrier,

by the intervenors and by the government, lave been *

growing rapidly as a result of the increasing frequency
and complexity of rate cases and the presence of a larger
nu@ber‘of intervenors. ' s

Indirect costs associated with éhe present method
of requlation are also high. As mentioned in Chapter II,
the basic argument made in any rate application.is that
without a price increasg, the” company will bevunable_to

raise sufficient money to meet service commitments. It is

possible that investors might be overly impreéssed by this \
argument. In this case, the<prophecy of a rising cost of i

capital is self-fulfilling. Also, the outcome of a rate

' s
¢ ’

-




case is not known in advance. Any added uncertainty

LY
v

associated with the present regulatory ¥rocess may add
to the cost of capital if investors demand an additional
return to cover.the additional risk. ]
Another disadvantage.of the - present system is that
_the public may never know 1f a particular rate change is
the reeult of a purely political(eompromise or is based
on eifnir consideration of the facts presented. It is -~
'possibfe that, the general-publig would have a better
understanding of the ratienaleﬂger rate chengee'found by
' implementing e;isting'gu‘delines tnan by implementing'“
decisions reached dnder,Zﬁe’present system.
If guidelines for ‘the" shért-run adjustiment of
rates yere specified, the frequency of rate cases would .
be reduced. This would decrease the direct and indirect
costs of regulation mentioned above. Of course, the
problems associated qith the short-run adjustment of
rates in an inflationaxry environment are not uniquely
related to Bell Canada. Several techniques which have
‘ezﬁiet been proposed ;r used by regulatory authorities

in the United States are discussed below.

B. Solutions Which Have Been Proposed

The' first alternative has simply been to bypass
or lpeeq up the formal rate case mechanism whenever
possible. In addition to simple changes, such as dropping
the requirement that written testinonz be read into the
record, more fundamental changes have been proposed. The™.




' increased use of ‘issue stipulations' has been suggested.
This inyolves a prehearing agreement between thg,tegulated
utility,ikey intervenors and the regulatory commission.
All parties agree that testimony will be directed’ at
certain key 1é§ues. Redundant debate on either nonpertinent
issues or issues on which opinions have not changed are
avoided. It has also been suggesied thdt rate applications
be made in two parts. ?he first application would be based
on the rate of neéurn allowed in the previous case,‘while
the second appllcatlon would be based on any proposed
change in the rate of return.. Theoretically, the first
apglication'might be consjidered more quickly than‘if only,
one~ap§lication wefe made. A third alterdatf&e‘inyblves‘
the presentafion of\fofecasﬁ data as testimony.‘ The
utilit} would in. fact receive a preliminary rate adjuatment
partlally based on forecasted cost and productivity
performance. However, addxblonal debate is often génerated
on the merit of the- cdmpany forecasta. Finally, in cases
where a rate ad)ustment is cleatly needed immediately, an
interim award has bften been made subject to the final
decision of the authorltles. ’ E

.None of these techniques aimed at atreamllning the
‘ ”rate case mechanism have met the need for timely short-term
rate adjustments in an 1n£1ationary environment. lnttead;
' rate‘cases have grown longer and more costly. .Hany pooplo ,
would argue that the ;iqytAoffthe public to a full
investigaticn’and discussion of,companyepegfo:nance should .

L4
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not be jeopardized. Indeed, more adequate representation
. , .

of the viewpoint of some groups is necessary. What is
I ~ ' :

required is not an elimination of the present rate case

procedures but that they be made more effectmve. This ‘

would occur if full scale rate cases (although held less

frequently) considered only long-term policy guidelines \and ¢

performance rather than the short-term adjustment of

~

rates, Another mechanism for the short~term dﬁjustmeht of
rates in line with prior rate case decisions on the )
allowable rate of return and performance standards is

7
* needed.

i

o o Many gas ﬁtilities have automatic purchaseé_gas
adiu;tment clauses in their tariffs. ‘These permit changes
~i? unit.gosts which are due to changes in the purchased
aprice of\gas to be passed on, &gually on a monthtto-month ’
basis. This type of Autoﬁatic Revenue Kéjustment Clause
(ARAC) applies to about 40 per cent of the céméény's total
costs. Several .electric ut%litfés gﬁve automatic fuel
adjustment clauses in ﬁheir tariffs. Changes in unit costs
due to changes~lh fuel' costs are ;assed on to customers,
ulually on a quarterly baais. Fuel adjuﬁtment clauses
uluallx Apply to about 20 per cent of -tlte company's total

\

costs,. .

-

Fuel and purchased gas clauses wyfi“ictually

initintod before thld War I in- the United States. They

i

vere not widely used until the 1950's » Although they'have

been effective in passing on part of the cost increases




arising from the general increase of prices.in the economy, A W

’ g Rt ) > ! ) 7 N - .
they are rather naJ.Ve techniques. and have beé€n criticized
7

on seveml grounds .

¢

4 . Another méthod of offsettmg the *effects of gene):al

price increases .l.(l’l the econémy 1s the repricing of plant
P . , v ‘ . .
in servicé to fake agcount of changing price levels. ®
~ “Ag h‘. =
~ Much.discussion has taken place regarding the differences

between current market value, reRlacement cost and trended

o ? N 4

original cost."™¥ Regarc;lgss of which ,Lmef;ﬁod is used to ¢
restatg the value 6f plant, recorded deprétia“tior,x expense
' wguié be increased d\iring," an infiationan{ period. This
increase Ln }pense would" lower the recorded rate bf
return. Prov1ded that the allowable rate of return yas , "
. not f&vered the gulator might eventually appro’ve
e 'higher rate levels tharv if the value of pl,gnt m-.serv:.ce
w;re not restated 'rhxs is not really an automatic rate ,
' ad}ustment mecham.sm f:.nce a rate' case would still be "o &
’ requxred before any effect»@n the tariff structuge could ‘L
take. place." “1f the’allwable rate, of return were stated

on & net 3lant rate base (rather- than on the money - ‘ e

" 20

actually invested by shareholders). ,the effecti of

' restating thé value.of’'net-plant would be qreater since

—

%depreciatwn expen;: would be. higher and at a givan rate g
of retur;xl the dollar val:za of allowable het income wculd
also be higher. ;loweVerr,neven with a net plant rate base,

. th}s, typg of “-méchani\sm ‘would still not be iutmtgc. SR

‘ - . ' y © ' c . }
. f i : - C / " o @
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_Another type of "ARAC which has been proposed is

) to allow increases in municipal or indirect taxes to be

passed on tqlthe customer.
“ Each of the above techniques is_ spec,tﬁc to one |
cmpgrzgnt of- cost and provxdeg no direct incentive for
B prqdu%tivity improvement., - ‘
The price guidelines used by the Cost of Living .
s Council in the United States ‘take account of increases ‘'
in the costs of all jﬂ.nputs resulting from infla:;ion. ﬂ
They set a pr;du‘ctiv’isy goal and qetermine u*e allowable
price increase only i‘fter allowance for productivity—-gains
has been ng,a'de. 'I:he‘se guidelines might be used as a model
for imy ARAC proposed, for the regulated sector. An ARAC
?t this type l{as recently been put into effect in the
State of New Jersey.! ‘ . ’ - B )
None of . the above techniques for the ghort—'ter;ﬁ .
,adj'uat.‘mnt of prices are entirely satisfactory. In the .
néxt settion, properties which would be desirable i:‘x any

ARAC propbnl are outlined in more detail. -

~

. lunited States, State of New Jersey, #)epartment
*of Public Utilities, Board of Public Utility Commissioners, , .
¢ . “Investigation of a Proposed Comprehensive Adjus’tnent
-Clause: Decision and Oxder", Docket \No. 732-134,
December 13, 1973. . s

-

s
a ™
w
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C. Desirable Properties of an Automatic
Rate Adjustment Clause (ARAC) (

L]

1. Provision for the Achievement of 6the£ g
Regulatory Goals Associated with the
General Level and Structure of Rates

AE*ARAC should not‘interfere with the pursuit of
other goals associated with the general level or structure
of rates., Periodic reviews of régulatory policy have
already been used sficcessfully in the banking sector. It
can be arguéé that a separate consideration of short texg{»
pro rata price-adjustments and of the long@;erm level -and
structure of rates would lead to bitt;; decisions ;n both

areas., However, consideration of the alfbwable rate of

W ~

- return on capital and the relative prices of services,

- e

would be necessary at more frequent }ntervals than
~ - L ’
revision of the Bank Act. Three years is probably the

maximum time which should elapSe between full scale rAfé .

.cases, Of course, elther the company or the regqulator could

4 ‘

always inLtLate a formal rate caéé at any time. In fact,g

«

the ARAC would serve as nothing more than a cpnveniente

bypass for a full scale rate case which would only he

. used when both the regulator and BelI"Canada-were °

~ - : &:

atisfied with the adjustment proposed. If the ARAC.
ptovisions were. considered feasoqaﬂlg, thiS‘bypas;:ﬁiéht
be used often. ﬁowéver, both partiés wouid aﬁill-have {°;
the option of quormal rate case open to tnem. It would
also be deslrable if the prov1aiona of thﬁ ARAC.were

reviewed pormally at ;ga;: evexy~thxee‘yearq. This would




/ increase the likelihood that t.. rate adjustment - ,
@’ ’ : ' -
calculated using the ARAC would be acceptable to both )

partieu.

N
oS In- order not to impede ‘the achievement of other
3 regulatory goals associated with the general level and -

\ o
structure of rates, the’ following provisions are necessaxy.

: \ (a) A full scale rate case should be held at '

R least every three years to determine the

J ) . allowable rate of return and the relative
\price of different services.

- ) { (b) The automatic adjustxﬁer’xt shoulc\l\ be applic
> . on an eqyal percentage basis to the price of
' " all regulated services.

(c) If the regulator is not satisfied with the
' calculated automatic adjustment in a
- particular year, a full scale rate case
q can be initiated. Bell Canada should also
) have this privilege,

(d) The terms of the ARAC should be ‘reviewed
\ ’ formally at least every three years.

]

2. Creation of the Maximum Incentive
for Efficient Management

o

The delays and inconvenience associated with the

- present regulatory system in fact may serve as an incentive

9 *
" for efficient management. Certainly, if all cost - ,
G Y
: incrhales vere automatically passed on, any incentive for ’
v

colt xeduction wd‘pld be eliminated. However, I will argue
that qi.ven cettain provisions. the incentive for efficient

unagement can actually be increased by éstablishing an

ARAC,

}

. Amn-l&ngth regulation is the cornerstone of the

a 4

*pi‘annt gys,tm. Individhals responsible £ox- day-to-day




- - W Al RS R St S

48.

~

° +

rﬁanaqement decisions are not given the responsibility for

price adjustments. It is to be hoped that regulators will

demanq good prodﬁc\tivity performance before approvi’ng any

rate increase. If this condition is -not met, then the

increase allowed by a rate case judgment will simply be

subsidizing inefficient management. However, there is no

theoretical reason why a rate adjustment calculated using

an ARAC cannot be conditional on an equallgr good pro-

d&ctivity performance. .. ‘ o -
Any adjustment mechanism should apply equally in

both an inflatignary or deflationary er{vironméht if.e.f.‘,“' both

rate increases and decreases should be possible. Also,

the m;aasured price increases of inp\}és should rafér to

industry or national averages where they-' are indicative of

input prices in a particular market. ;In this Qay, an

indication. of the truly uncontrollable element of cost

increases can be found. This would avo,iglyt'he problém of ’

a i',egulated company granting an over}:y generous wage

settlement, If a national average of waée rate increases

is being used in the ARAS: calculations, the cogpa.ny will

have to make -up any additional wage offer entirely out of .

additional productivity gains. Unless productivity gains

are h‘igher‘ thap the produl:tivit& gains used ‘in the ARAC

calculations, the offer of an overly generous wage rate

settlement will tend to push the rate of return below the

level protected by the ARAC. This argument applies to .

other inputs_as well.
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- However, there.-is a tradeoff between finding an

indjcator of cost increases which is reprisentative of

<

the particular input market and finding an indicator which

. is not subject to the control of the company. ° For‘ exampie,

-

the national average of wage settlements is beyond the
control of the company but may not be indicative of the

wage increases which Bell Canada has to pay in partxcular

-

1531' markets. Alternatxve price indicators for each nﬁmt

are” outlined in Sectz.on D of this chapter.

¢

A major problem in formulating any"ARAqus ther

determination of how much of the cost increases should be
’ .

~offset by‘prodoctivity gains. fhis decision requires a
”~ 24

detailed knowledge of the productz.on ‘process of ‘the

company involved. The productivity gaxn should be set
f’gb ’

high enough to provid_e a reasonable cihallenge to 'management .

‘but must still be accepted as an attainable objective.
Because productivity gains are affected by changes in
utilization rates resulting from short-term changes in de-
nand, the rate of growwh ofﬁdema‘nd must be considered

- when setting the productivit§ gain objective for each
year., Changes ip the qua}.ity of service could also affect
the measured productivity gain. Also, if a xea;nstxc
ptoductivity improvement is to be forecast, it is necessary
to ensure that the_productivity level is not at an
unacceptably low level in the base year. These problems

are considerad in more detail 11} ‘Section D of this chapter

One "of the aims of the research on a Bell Canada production

.
¢

» ,
' "
, “ . . !

S

>t
.
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8 .o
‘ model is to find an appropriate quantitatf%e value for
expected produgiiyity gains’ Y ‘ N

It iy“gossible to strengthen the incentive for
efficientizanagement in any ARAC by allowing the company
to keep some of the profits earned by superior performance.
These profits could arise because productivity gains were
higher than the value specified in the ARAC or if input
price increases were léss than the value specified. One
method ;f increasing the incentive fo; efficient management
would be to use the ARAC to protect tﬂe raté of return'within

some permissable range. Within this range, company profits

would be directly dependent upon whether management succeeded

in meeting the terms of the ARAC. In this approach the concé;tf

of a permissable range for the rate of return is being

coupled with an ARAC. A second alternative would be to

t» use a graduated application of the ARAC around the permitted

. rate of return: As the actual ratg of return deviated \\
more from the allowable rate, a higher proportion of the h ©

differential would be covered by the calculated rate
adjustment. The prinociple Qould be the same as that used
in’ progressive income tax and the rate ofdbrogression d
could be varied. It,éhould be pointed out that both of
these schemegfwould not allow the comp&ny to keep any
profits genérated by increased efficiency until they had -
net pfoductivity objectives. and kept input price increases

below limits specified in the ARAC.
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In order to create the maximum incentive for

efficient management, the following provisions are
necessary. T

(a) "An ARAC should be operative in both a positive
and negative direction.

(b) Subject to the condition that the indicators
of price increases fbr each input are truly
representative of that input market,
indicators should be chosen which are not
affected by specific decisions of the .
regqulated company. W;A

a gt ¢
' (c) A reasonable improvement in productivity '«
. performance should be expected (given changes
‘ in utilization rates and the quality of
service) and the dollar value of these gains
- should be' deducted from the dollar value of
© allowable input price increases.

(d) To the extent that managemeht holds the
- price increases of inputs below expected
rates or exceeds productivity ohjectives,
‘'some of the additional profits should be
left with the company .
) . '
3. Absence of Inplied Bias for
Resource All?catxon Decisjions

A bias uould be caused if the price increascs of
\

different inpugé are not consxde;gd in an equitable way.

If wage rate increases were taken into account but rising

interest rates were not, a bias toward labor use would be

el

created. 17 addition, the productivity objective should

be lpecified with regard to the use of all inputs and

B

* !hould ba deducted from the total allowable cost increase

I

qll inputs. J

»

\ . )
In order‘not to create a bias with regard to

!

resource alloc&t#on. the following provisioné are necessary.

) H
i
- \ ')lr ‘\
P
4 o \

&




%
(a) Allowable cost increases should be

determined for every input used and
allowable expenses for a particular input
must not be overly generous when compared
with allowable expenses on other inputs.
(b) Productivity objectives should be set with
regard to the use of all inputs.
4. Creation of an Easily Understood and
Conveniently Adninistered Mechanism
One of the criteria used in choosing between
alternate methods should be the ease of calculation. I
have also mentioned that the ARAC should be applied across

all services equally. If this were the case, a sing%é

- entry could appear at the bottom of each customer's bill

showitig the increase due to the automatic rate adjustment,
Wher; the calculations yielded a very small rate adjustment
it might'be advisable to neglect the increase or to carry
it over into the next year. ‘It is possible that the - .
public would feel more comfortable with a rate increase
calculated.l‘)y a simple fo}mul-a than vith a seemingly -
arbitrary judgment made by a regulatory or political body?.'
At this point, ‘I would add the following pro:fiaion.

{a) The procedures useéd to calculate the actual

rate adjustment.shguld be kept as simple as

possible, given thed other provisions
¢ mentioned on the preceding pages.
&

M
h -
Y . 3

5. Adjustment of Rates Based on -
Recent Cost Trends . ‘ '*'—.‘;
The fifth general probe;’ty listed was that the -
adjustment of rates should be based on recent ‘cost trends.
If the calculated rate adjustment is to be relevant in a.

£ i i ‘}
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period of rapidly changing business conditions, it is

crucial that recent data on input price changes be rused.
i

The following provision is necessary.

(a) The indicators of unit cost increases on
each input should be chosen so that reliable
data will be available with a minimum delay.

- LY ’

6. Cor{sider ion of the Political Environment
in Which ARAC Would be Implemented

The specific provisions mentioned above should
make all parties better off. The general public would ‘
have a:‘clear understanding of wh}; rates” were Kt;eing
adjusted a’nd the cost of reguiétf:c;n would be reduced.
The regulator would have more time to spend on other
long~term investigations and would be faced wi‘th an evener
workload’. The® company would know exactly how rates were
to be adjusted, would maintain the principle of arms-
length regulation and would escape from the costs
associated with frequent rate cases, The reduction of
uncertainty wi}h regard to government policy could also
lmyer' the cosxt' of capital. Neither t.he company nor the.
regulatory agency could be worse off in a particular

instance since they could always initiate a formal rate

% ¥ °
case, E

- One further provision is necessary to make any

‘ARAC politically acceptable, It would have to be demon-
strated that the application of the ARAC wpuié notsgyesult’
in uubat.aantially different rate awards over the long-run

than those received under the current system.

1
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< e (a) Rate adjustments calculated should be
’ similar to those granted under the current
’ system although the timing of the adjustments
. would vary.

°
[y

D. Accounting Framework for a -
Bell Canada ARAC R

. 1. General Framework .

Before ah ARAC éan be4s§ecified, the underlying
accounting framework muét be understood. Starting with
the accounting identi;y implicit in an ingome statement,
a price index is defined for each type oﬁ revenue and
expense, The income statement‘identity can-then be |
expanded and the purpose of an ARAC can be 111ustr

J The basic 1ncome statement agcounting/ide tity
ig:

Total Operating Revenue ~ Employee Expense - . ~
Depreciation Expensg - Other,Expense - Income Taxes -

"4 Other Taxes + Other Income - Interest Charges = Net Income,

' This identity is shown for two subsequent years by

equations 3-} ghd 3-2, . . ’

-

-

3r1. =R, - yE, + 4D, +0,0) - (tl'rx + xxxx) +

nlNI - j‘l“ll = CICI
3-2. 'r¢R ',feoEo +ad,D, +0,0,) = (£, Ty + x,X) + ' L

" n N, - 1010 = c,C,
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Each vari‘able in the income identity can be represented
as follows: . ‘
rR -~ Total Operating Revenue
NN - Other Income [

eE -~ ‘mploye‘e Expense

db

'

‘Depreciation Expense °

" 00

Other Expense
tT -~ Income Taxes

*xX Other Taxes

il - Interest Charges
cC - Net Income. | ‘ tT
' The price of qach of these variables is indicated b)\,:, the
1 ‘ uneapitalized'al'phabe;.ic character and the real magr:itude
| by the éapitalized ,,alphg'cheti‘c character. Stﬁ:scripts

refer to the time period. -

"Equation 3-~3 is derived by subtracting equation
3-2 from #quation 3-1. : .
Y ) (°1°r' °¢o°o’ - (¢, T = to'ro) - (xlx’ - xoxo) +

171
’

(0N, = mgNg) = (4;T) = 1,I5) = (5C) = €,Cy)

By collecting revenue terms on ‘y;he left hand 'aide,

ot

. equation 3-3 can be rewritten as:

3-4. (r;R, - ryRy) ¢+ .(nl!li -.nN) = (e, E - eE)) +
. 8
'J(‘( ) /
(4,0, = d4Dg) + (0,0y = 0,05) + (&, T, - £, 7)) +
K = xoXg) # (4,1, = 400 + (1) - 4,1 +

€yCq)

(e,Cy

«

. B N
I > S L. o
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Equation 3-5

3"5; (rl Rl

= (e E

As
PR

expression.

3-6. [(rlRl

= (4,0,

4
- (XX
’ Equation 3-7

the texrms in

is derived by

= IoRy + IR

'

eOEI{ eoEl
- 0,0, + 0,0,

- xoii(l + onxl

- c:QC1 + c:oCl

.

- roRIK =

- eoEx) + '(dxnx

expanding erax\ch ‘texm.’

- eOEO) + (d»ll)l

ot

- °0°o) + (tlTl -

= X Xp) + (11

- coco)

Rearranging terms in equation 3-5 yields the following

- 4D} + (‘:1

- tDTl) + (xl?.(\ - xoxl)]

- 1,1,)]

- <oe]

- "oNl)]

" FoRe) + (N - nN ) - (eE, - e

i

- xgX) = (1,1, -

is obtained by rewriting equation 3-6 where

square brackets are denoted by A,- to A,.

i

11g) - (e
al :

3~1. AI=A2+A3+A“+A5-B§-A,’.

~

14
!

- + -
noNl_ -noN1

SN v

“ogons

@b, + 4,0,™=

il + 4,1, -

Ol—

o%)

.C, - cocu’]
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The dollar value of rate inEreases on to;:al s

’ operatinq:revenues is indicated' by A Sunilarly,
represents the dollar value of price. increases on -
operating expenaes and A, represents the value of price"
increases on'ta}xes. A'u and A; represent the dollar value
" of inc;eéses‘in the compensation to each unit of average 0
total ert and equity cap.ital. Aﬁ’measures the dolblar
‘valu¢ of rate 'ig_xcreases on other'.income. The seventh

' te;'m is more difficult to interpret. It measures the
increase in revenues minus the increase in all inputs

?

_ Wwhen each dollar va}ue is evaluated in terms of the

previous year's 'prices; This is ar'x‘ indicator of “the

“a

dqllar value "of productivity gains achieved by the

company. Equation 3-7 can be expressed gerbally as

v/

Dollar Value  Dollar Vvalue ’ Dollar value
.of Rate of Price Pollar Value of Increased »
Increases on | Increases on . of Price | Cohpensation
- Total Operating ° Operating Increases qQn per unit of
Revenues Expense Taxes Average Total
‘ ‘ Cateégories ) , Debt Capital
- Dollar Value °
. of Increased Dollar value
+ ' Compensation _ of Rate o Dollar Value
per unit of Increases on of Productivity
. Average Total Other Income Gainsy

Equity Capital

The evaluation of each term in equation 3-7 will.now be

=

- ™\ considered separately.

. o 4
‘

2. Dollar Value of Rate Increases (Term A,)

‘The dollar value of rate increases on total
P
" opetrating revenue was given by




/
") |

! : »

c | ??{ﬂhlSﬁorlcal perlods, the melxclt prxce ‘index

of Bell servxcés can-be used to determlne the value of

, rate lncreases actually ngEQSBQ .Table 3-1 illustrates

b

« the calcqlatlon 1nvolved

N ' i
" These ddllar values can then

be compared with the value of rate increases calculated .

[J

. ¥
us1ng altern&t;xg automatic rate adjustment clauses.
3 MR . i : > '

3. boliar Whilue of Price Increases on

Ope:atxﬂy Expensé Categorles (Term A, )

*

AU 3

All calculatlons are illustrated in Table 5- The

i >
¥ ¢
-
.

A}

3

Dollar Value

gxpenSe Categd:y . @ ..of Price Change

‘(a) Employee .
- Fxpense « ,elﬁl-eoEAg
(b). Depreciation . -
Ef?ense dlbx'dop;‘
- R ¥

e
/. fe) 'Other - v

Expense o)dl—o O,
}ﬂ, ¢ . 'o

¢ aftex the”price-change‘ -

prfce~index uied in each case is llsted bélOW.

I

~

3

L

1 Price IndeX:Used

!

Employee Expense

per Employee

) T
Composite Bell

i

Canada Telephone
Plant Price Index
. {using. weights’

based oh Gross
nvegﬁment)

Implicit Price

Index for’ Gross

Nat%;nal Produ

INote that the percentage change in the price index
is ‘calculatéd in terms of the value of the price ihdex

N

2
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Elased
i

4

»
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—

, )
" -of plant. An aggregate TPI index is also calculated

‘/\<\\wn\\dhzipenditure was used becauge it is the most broadly
P ot s Y
o Rased price index available. i -

.4, Dollar Value ofkfggce Increases ‘ '
3]

\ ‘Egasa of plant.. Hawever, the precise definition of an’

1

Employee Expense includes wages, salarles and :

fringe benefits which are not considered as taxes Labor

* input. was Ltated in terms of the nuTber of. employees. ‘ \\\\Q\

It would also have beéh*posaible tol measure the volum? of 7!,
& 3 <
*labor input as the number of manhours paxd and the prlcegp

¢

of labor inputs as\employee expense per manhour paid.
‘ Bell Canada calculates teiepbbne plaﬁt indéxes‘ ‘

(TPI) representing the pricé change on di%ferent classes

[4 .
B

using weights'based on ithe distribution of inyestment in o

4

each yeat.w This index was used to deflate the book value
of depreciation expense.‘_. | , SN

Other expense encompasses a very dlveﬁseabasket

of goods. The implicit price deflator‘for Gross Natxokal

. . ‘ \ ’ Q

% . '.1‘ ‘Q

“on Taxes (Term o
& R ’ »

[}

. The dollar value of price increases on. income:

taxes was given by - . ' . , ' ‘

/ &Y ’
T, -t T = .oeT ¢

\ \
1Weighta based upon investment may not ‘correspond
exactly with weights based.upon depreciation in each

ppropriate. price jndex is impossible anyway, because
depraciatton expense is 'measured at bobk’ value.

Lo~

.. 3 N . S >

T . A
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However, it is very difficult to specify a ﬁifce,indicatof‘. e
for income taxes. The inputs purchased can be considered -
j;s public servicés and swggsrt\érovidéd by tg; go&ernment ‘ B
One al*ernatzve is to use the implicit price deflator fo:
Gross National Expendlture. '
The dollar value of price inéreases on other
6;2es was representeduby '
- X, - X

1 0
“?:“1)(l XX, = 'K

Once again, it is impossible to actually measure

the real afiount and hence tha prica increase of government

services provided by other taxes. The 1mp4icit price

'
¥

1ndex for Gross Natlonal Expenditure is used in Table 3-3
[N —

*,
to deflate329'6~income other taxes. <

P , f .’

5. Dollar Value of Increased Compensation ‘ . ‘
per Unit of Average Total Debt RN < »
% Capital (Term A)) :
The dollar value of- increased compensation per

unit of average total debit capital was given by . N

a/‘ - 1, [ | <
i I -1 i I : ‘

1

\
) . I

Tptal interest charges are divided by a%erage total debt

] . 2
. L

capital to-develop tsg price, index. : . 5 .

11t was assumed that all interest chargea are paid
as a result of debt outstanding. Only a small proportion
of interest charges are not in this category.

4




v K 61.

o, 4
»

o ‘ - e - ’
§. - Procedure Used-to Calculate.the ’
“Dollar Value of Increased Compensation
peér Unit of Average Total Equity
Capital (xermgA )

] A

o ‘Thig. itemswas represented as '
. 2 4 . . Y ‘ -/
' ) ¢, - " .
. . = . A . ¥
R A SRS S
- b‘ ) cvo' . “
‘. \ l » - !
‘ , §

. , » " .
When C, is defined as average total equity capital, it

follows that the compensation per unit of C, must be '

"~ , .
measGired by net income per unit of. average total equity
p & 4

Vo
of equity capital. The calculated series is shown in

'
Table ;3-5.

?

© capital.l 'This variable can be interpreted as the price

¥

7. bollar Value of Price Increases
pn‘Othef«Income (Term A )

In calculating elxgible expense, the deductxon due ]
"to pribe incneases on other income was xepresented as

! 0y -
Vo ! i . nl ’ . '

.t
-

1

¥ ¥ a

16ncd;again, it is impossible'to;actually;define-a
reai untﬁ or)the piice‘of other income.i In Table 3-6, -~

the Impf/cit P:ice Index for Gross National Expendxture

A

is used as a price deflabor. U ‘ ' :

 ndindgin N
T o -

o INet income is défined;}ncluéive of extraordinary S
iteuj‘. . oo ‘- ) . i ' ) - ' tor 5
s . . N . - o T ¥, S
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8. . The Dollar Value of Productivxty
Gains . (Term A,] -

- The only remaining term in equation 3~7.is the
dollar value of productivity gains and thig.value gan be
determined as a residual. Table 3-7 illustrates the

)

dollowing calculation,

’ Value of Total Value of "% Total Value of
Productivity = Price Increase on/ + Price Increas +
- \ Gain Operating Expensal on Taxes’
\ : N
Ty ) Value of Increased , \
Compensation per , Value of
' Average Unit of - = Value of Rate - Price Increase on ;
Debt and Equity Increases Other Income
Capital

A percentage productivity gain can bé calculated by ‘
dividing the dollar value of pr&hugtivity gains by total
'capital and labor inputs (Emplo&ee Expense + Average s
Total Debt Capital + Average Total Equity Capital) in the,
previous year. These percentage changes can ‘then be used -
to develop a type of total factor produc#ivity index, .
This productlvity index .does not(corregﬁénd tg .
tradxtlonal product1v1ty measures used by econOmista.
The input and output data used here are ba&ed on aécountinq
. concepts, For example, an economist uld not measure '

capital in terms of original book yalues., A more detailed

desciiption of productivity measures and the data used ic

given in the next'bﬁagter. As an indicatoxr of productivity,
the index shown in Table 3-5 is inferior*%n many felpécts.
o It is daveloped here simply to illustrate the purpose of -

(e

an ARAC (see the next section). In Chapter IX, it will"

3
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,
.

also be used to provide a reconciliation between the

S e i el

economist's measure of total factor productivity and the

: accountant's measure of the rate of return.

'E. General Description of a Bell X
Tanada ARAC ‘

Table 3-7 provides a numerical illustration of the

following accounéing’identity.

A T

/ 1 2\ A,
Dollar Value
./ . of Price Dollar Value *
%4, / Dollar Value = Increase + of Price +
of Rate - -~ on Operating. §§creases (
Increase _~ Expenses ‘Taxes
' Ay , . A Ag ‘&
" Dollar Value Dollar Value -
o of Increased of Increased Dollar Value
.,/ + Compensation _ Compensation _ of Rate - .
per Unit of per Unit of Increases on /
/ Average Total Average Total Other Income
/ Debt Capital {Fquity Capital
’ v . A7 ]
Dollar Value g
. of Productivity . '
. ' Gains

A rate increase can be calculated which would

guarantee that no change in the rate of return to average
toéal capital takes place: Given the actu;l.values of
A, A;. Ag and A;, the dollar value of A; is calculated \
under the assumption that A, = A, = 0, i,e., that there

is no change in compensation‘'per unit of avera@e‘total

debit or equity qapital. An ARAC is bas¢{ on a similar

type of calculatjon. However, instead of using the actual

X <, : f

B , b ,
« | B
N . :
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+

valued of price increases on opeyating expenses (A;) and

¥ .. . . .
taxes (A;), a maximum limit is det. ' Also, instead of

using the actual dollar value of \productivity gains, a

- »

minimum limit is set. Thus, an a

omatic adju§gment of

e

rates will only maintain the minimul allowable rate of

return on average total capital provid®

(a) the company meets or excteeds some

productivity performance, and

{b) the company ‘holds price increases on other

-

operating expense and tax ;teks below some maximum
. ; \

lirit,

An additionaf constraint is that the rate iﬁéregse
will not be allowed if it leads to a rate of return on
total average capital which'is above some maximum allow-
able rate of re}urn. The gap between the rate of return
in the base year and the maximum allowable. rate of return
serves as an incentivé‘for the compahy to aghieve the
highest possible proﬁuctifity gains and to p;y‘the lowest
possible’ prices for jpputs other than capital. ‘

Since iﬁcreasing interest costs are one of the
major factors leading to lower returns in an inflationary
period, the ABAC developed{in thi%rgtudy will cover.
increases inithe ccmpensitéon periuniﬁﬁoﬁ average total 5
debt. uoweve;; the company will have an incentive to

keep increases in the price of debt as low as possible.

The'ﬁinimuﬁ productivigy gaiﬁ should be stated

4

in terms of h global productivity measure rather than .

A
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iﬂ terms qf a partial méasure such afflabor productivity. n
If a minimum labor productivity gain were specified, the
company could meet this goal by increasing capital * ’ 5
1nteﬁsity rather than by increasing‘the overall \\\\%
efficiency level. 1In orégr to avoid any tendency for
resource misallocation, avglobal-productivity measlre is
necessary. ~ \ \

Productivity gains achieved at a national level
. might be used as the minimum requirement., However, .

productivity gains and the potential for productivity ,

+gaing Ydiffer widely among diggerent industries. The Cost

of Liwing Council in the United Stéées moved from the
specifidation of an overall productivity goal to the
specifilcation of different productiQity goals for about

466 iﬁdustrﬁes in the mlgzng, construction and manufacturing
sector. Its regulations are "

For the purpose of determining whether a
price may be increased under any provision f
of this part with respect to manufacturing v
activivies, productivity gains shall be
calculated on the basis of the average .
percentage gain in the applicable industrlal
category [:Ltalics - minéj -

In order to specify a reasonable and approprxate long-

term goal for productxvity gains, it is necessary to have

a guantitative undef2tanding ' of the production process

and the nature and rate of tephncloqical change for the

particular firm- or industry.

3y 1 b

lunited States, Executive Office of the President,.
Cust of Living Council, "Phase,IV Price Regulations®,
Sec. 150,77, July 19, 1973, .

4
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" Even if an.apprcptiate léng-term trend can be
specified there will be considerable variation in
productivity gains from'year to year. Changing business
conditions lead té differences in the rate of growth of
" demand. The telephone industry, as described in Chapter
II, is gapital intensive, Also, employee expehse has a
large fixed component. Chanées in the demand for telephone
service coupled with the fixed A;ture of many costs result
in differences in the potential f?r productivity gains
from year to year. As a result, an ARAC should specify
a different minimum productivity gain each year.

So far I have been refgrring to traditional
accounting data and identities. However, these date do
" not correspond directly with an economist'é concept of
input and output. The next chapter.describea the data
and procedures used to measure productivity performance.-
Subsequent chapters investigate the nature of the Bell
Canada productién'procesﬂl, The purpose of this investi-
gation is to specify a reasonable productivity goal for »
any given }ear @n~terms of '‘an economist's co?cepg bf. -
itnput and oetput. This productivity goal can;tpéh be

restated jn terms of the traditional accounting data’ -

- 7

%

This chapteénhas outlined problems associated

" with the present system of regulation in an inflationary ,

environment. There is a need for an Automatic Rate

rd

-
o
5




Adjustment Clause (ARAC) to provide for the shoit-term
adjystment of rates. Hawever, dxfficulties can arise
through the creation of interference with other goals
which the regulator might wish to achieve via the generai
level or structuré of rates., Undesirable side effects
might .include the creation of a reduced incentive for
efficient maqagement, a bias in r;source pllocation{ etc.
Provisions were listed which would minimizalthe diffi- -
culties associated with an ARAC. A beneral description

of a Bell Canada ARAC was made. The main stumbling block

was the specification of the minimum required productivity
gain in any year. Additional research is required
regarding the Bell Canada production prodess, the nature

1of technological change and the short-term behavibur of

>
productivity gains. The next chapter describe; “the
procedures and data to be used in -the measurement of
productivity. Subsequent chapters-deal with the develop-
ment of d& production model and the specification of a
. s .
reasonable productivity goal in any give& year. . N
A -
' i . 5 t
. s . . %
-
| -* . ¢ o ‘ -
/A iy T DU P




68-

TABLE 3-1
> ACTUAL DOLLAR VALUE OF RATE INCREASES
1 s -
) Increase .
- qual Operating in Implicit Value of Rate
"\ Revenue Price Index Increasé
. \r\lRl fox;raeilrSg)zj':ices r,R; - rOle
Year 1000’ 1 - Sl 000"
1952 184,398
© 1953 201,963 .005601 1,131 ,
1954 : 219,374 - -.000635 -139
1955 244,900 .007139 1,748
1956 273,975 003244 889 T2
) 1957 302,986 -.000628 - =190
’ 1958 - 328,818 .006864 ) 2,257
1959 i 376,605 .054102 - ‘;’ 20,375
1960 404,848 ‘ .005284 2,139 -
1961 433,657 ~.002354 ) -1,021
1962 ~ 470,995 A -.013620 "~6,415
1963 502,977 . .004 355 2,190 |
1964 542,772 - .000495 269 )
1965 592,961 .000198 117 .
1966 645,047 -.008479 =5,469
1967 . 702,035 ' -.002500 . ~1,755
1968 758,478 -.001904 ., -1,444
1969 842,090 .004389 . 3,696
1970 936,636 ' .025280 - 23,678
1971 1,018,788 027147 27,657
1972 1,125,416 4019659 22,125
Total cee , - ’ 91,838
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, TABLE -4 0
) ) ACTHAL DOLLAR VALUE OF INOR.BASED C OMPENSATION o
S PER UNIT OF AVERAGE TO"I’AL DEBT APITAL Lo
LY . .
I s Value of Increased
\% - Increase in- Compensatiun per
_ Interest Interest per Unit Unit of A Total
' Charges - | of Average Totdl®." Debt Capitt{l
A i1, ‘Debt Capital S S S 1))
' o000 m‘(lr - 10)/{.1‘ ° I'OOOI
. a v S
, 7,092 / AN ' |
8,653 .046155 399
97573 0|, .010204 98
10,202 -.012773 ~130
11,766 - .013302 157 \
13,789 033541 462 -
15,405 .001049° s| 16
I's,681 1 .032817 613
23,1_53 .076585 ‘1, , 773 ¢
26,661 .040016 . 1,067
29,685 *.024000 712
32,467 J X s011757 4. | . . 382
35,056 .01§900 K\ 92
. 37,712 ¢ .009875 . o 372 3~ - -
43,969 ."», L004365 192 -
52,750 f« { .032021 : 1,66 ,
60,963 N . - .042661 L2,60F 7
v 72,15 ‘. .047628 3 ‘437
77,49 .018559 1 1,438
. 87,194" .031757 by 2,369 .
y 98 701 - . .037360 3,687
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’ ;o TABLE 3-5 .,
. ACTUAL DOLLAR VALUE, OF INCREASED COMPENSATION
. & PER UNIT OF AVERAGE TOTAL EQUITY CAPITAL <
o il ) A ) L —
. a r/ |"\)\'* ’ &g ~ ! "
- - Value of Increased -
- . Increase in Net® Compensation per Unit
\ Net Income per it of ‘4 of Average Tota) Equity
. . Incom Average Tota‘l}%qu.j_rg/ Capital:
¢ ', Cy Capital . c,Cy - ¢ Cg .
- N . l (c - C, )/C l I O
Year | ."000° 1" )70 “voor
L4 . : - S 4
11952 | 22,570 .| | - \—“' |
) 1953 | 26,849 .049097 1,318 ‘ N
,,13554 28,549 -. 098045 N =2,799 -
C 1955 1 31,978 ~.030329 -t o -970 - ' ’
' 1956 34,949 -.035856 . -1,253 -
1957 36,037 -.127456 ~-4,593
, 1958 38,899 -.001015 . =39
¢ 1999 50,284 1..129479 ' , 6,511
‘ 1930\ 5312 .009212 4 493
. 1981 57,691 © =10223k5 -1,287
1962 65,285 .043342 ’ 3,221
1963 | ,68,294 N -.050292 ) -3,435
‘1964 79,465 .060907 .. 4,842 « -
' 1965 | 88,820° .054109 T 4,806
~. 1966 | 94,846 .002639 - | o« | 250 | .
©1967 [ 111,821 |p .035391 Y 3,957
1968 | 118,326 .021954 -1 2,598 .
1969 | 113,696, ~.079022 r =8,,984 Fe
1970 | 133,262 . . 065983 . 8,793
51971 | 147,291 , T« 032637 4,807, - 5
1972 | 165,696 .057388 9,509, .
N ) - . . . > ) b . %
Total{ ... SRR \ : 27,745
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. TABLE 3-6 >
ACTUAL DOLLAR VALUE #F PRICE INCREASES ON'OTHER INCOKE -
i // . -
: o Increase Dollar Value' of 5
b ‘o L <in Implicit Price Increase on
Other Income - Price Index Other In¢ome :
n‘lN1 for GNP - nlNl - howx —\ .
Year 009 (n, ='n;)/n 000
1952 2,165 ) , : ‘
1953 ‘ 2,602 -.001139§ . -3 B
1954 3,901 . ,015695 . 6l
1955 3,930 .005574 22 .
1956 ., - 5,517 .035484 ™ 196 -
1957 7,016 .021053 148
1958 6,810 / ~013500 92
1959 7,674 .020346 v 156
1960 ‘. 6,976 '1.012060 ® .84
1961 6,666 .005000 : 33
1962 7,433 ' .013807 . 103
1963 8,412 .017442 147
1964 9,425 024575 232
1965 9,695 .031136 . T 302
1966 11,998 .042945 © 815,
1967 20,042 037943 ) 7690 X .
1968 _ 21,922 - .031046 . . ~ 681
1969 22,480 . .042254 . .. 950 :
1970 24,586 .044129 ¢ 1,085 !
1971 29,787 b .02975 Co 6
- 1972 32,203 .043720 - 1,408 «
) oy . Cow
¢ f" / v
TPotal 251,240 - .o . 7,858
: . ya
[N ‘{/" .
‘ \ T
X 4 ) \ s N
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Chapter 1IV

DATA USED TO CALCL&? PRODUCTIVI’I"Y
AND TO ESTIMATE PRODUCTION MQDELS
. ¢ .

«

A. Procedures Used to Calculate Productivity
v i
‘Productivity measures ecan be.classified as global,

total factor or partial: Part1a1 productivity measures are

0~

based on the use of oniy one 1nput factor, and total factor
Py

-t measures are based on the usé of both capital and labor

inputs. Global productivity measures are based on the

-

amounﬁ'of oﬁtput prodiced glven the amount of capital;

labor and raw materlalﬁ used. ance we are 1 teredted in

T

; the efficxency with which all inputs are used7 a globail

i

productivity measure should be employed. However, the

¢ .

ratio of purchasgd materials to final output has remained

fairly atable for Bell Canada. This suggesés that "

-~

minagamant haa‘little discretion regarding' the amount of

‘raw materialsewhich will be purchased and in this case a'
' <

-

. total factor productivity meagure is acceptable, The two

total factor productivity indexés used in empirical
1 ¢ . 2

"ttlodtcn are John Kendrick's arithmetic index! and Robert

. . 3‘;" . . ’
] .r . ‘e x ‘ v «
: tyohn ekdrick, Productivity Trends in the United L
! g o (gfinc tont Princaton'ﬂhlvcrszty Press, 1961). S
k4 . _‘ . . ‘ * ! . * : i
RN N . e - o oo LT | . ?
. rs‘ v i “"' . - ‘ . . - Lo . . ’
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Solgw's geometric .index.! _ 5
\!

% ' Kendrick's measure of totélyfactgr productivity can

be rxorésented as -
l ‘ i
wgere a and b axe iﬁeFWeights used to calculate the t9tal
factor \input and Y,®k and L gepresent'éutput, capital and labor

réspectnvely. e defines the weights used for the calculation

3

of total factor input as the compensatlon per unit of

. w

capltal and labor in some base year (a ~‘rB»and b = wB)f

Productlvlt) gains (r,)  are calculated ag thezpercentage.f

—\ . - »Yt i ' .Yt, ' ‘h
L = . 1x 100

W : lw
(rgKy + Wgly) (raxt 1‘ Leoy)?

&

lRobert Solow, “Technical Cbange and the quregate
Production Function," Review of FEconomic Statietlcs,
XXXIX, (August, 1957), pp. 312*20

The distributional equation - shown belowﬂwlll
hold if ‘factors are pald their marginal products and there’
are no excess profits in the base year, .

-

L 3¥g ‘ “Yé‘ . \\ - A
v = ———— m——— v'.‘
BB BUs T Mt L T Ys

.
N . . , s
) ' . -

If accurate data for vy Ka Ly and wg exist, ry can be
‘calculated as | - B 7

r, = (YB-WLB)/KB




.Exhibits B~

A Kenggick type productivity measuiﬁﬂnsing the

same data descr}bed in this chaﬁﬁerris used in the Bell
4 .~ . ' ’ !

Canada prBductivity study.! ' .

Solow's measure, of total factor productivity gains
can be derived dnd?r the assumptions that technological
change does not affcct the marginal rates of substitution
of capital for labor. 1In that case, the proddctidn

function takes the general form.

Y, = A(t) f (K.L,).

¥, CA(t) 2, K af, L
L o= A —= Eaawy 2 £
Y A(t) K, Y TR

t A t t

Assuming that factors are paid their marginal products and

L .
that there are no excess profits, the shares of ¢apital

Y

and labor are "

“ v
§
' ~r K 3Y, K ©
K, t 'Y LN
. W_L Y L
T A St

- : |t R

IMost of the aggregate input and output data

‘desgfi d in this chapter were presented by Bell ‘Canada in

1973 tpb the Telecoswmunications Committee of tie Canadian
Transpoxt Commission as part of testimony on total factor
ty - see "Memorandum on Productivity", “ell
lication, Fila 95%,182.1, Vol, 1 and II,

3-61 to B-73-67, Many individuals have been
involveéd in déveloping the Bell Canada productivity study,
Bob Olley was the witness testifying on this atudy,
Although. a Solov type productivity moasure is used in,
this thesis, relative qainsein productivity from.year to
year are vory similar to those ca}qplaced using the

Xendrick approach. . ‘) A . .

\




It follows that o fme '
« . .
/ N '
Yo - oA ' t T L
SRRV SN -
[ [}
Y, A(t) Kt‘ Lt

‘ Y K L
[’—‘—(—E—)—]xloo= L - M =2 e W2 x 100

A(t) ' e L,

‘l’In discrete form, Solow's measure of the percentage change
" "in total factor produgtivity (r,) can be calculated ‘as

:
-~

I‘t =
h [
Yo “Yeo g ' K =Ken -n"‘“ Le Lo -~
z TR o T TLes T K100
C T t-1 . t~1 -

¢

This represents ardiscrete approximation to a divisia
index of productivity.!

The Kepdrick and”Bolow measures of total factor
productivity gains will be approximately equal for small
changes in outputs'and inéﬁts when the preqeding year is
defined as the base périod in the Kendrick measure.? ' Solow

"; type productivity measures will be used in this étudf., In
ébe last chapter, the calculated percentage gains in

totqi factor productivity could have been représeqteé as

N

kS

- Ipivisia indexes are described in Section C of this
chapter, - . ' -
‘. Yevhari, E. Kleiman and §. Halevi,. "The

Relationship Botween Two Measures of Total Factor Producti-~
vity”, Review of Economi¢ Statistics, XLVIII, (August, 1966)..

PP, 5=TT.C

-, % . e i

) :
o € . N\
¢ - : \
.

» - A




o

8l.
t
N .

t
) N (eyE) + i1, + cocl))//(éogo t 1,1 ¢ Coqo{]

= 100 x[('(Yl)'- (e, E, + i,I, +A<':0c‘1))/\10]
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e 100 x ) o0 1, I RS W ..0 C
Y, Y, E Yo I Y,

This is a Solow'productivity measure Ealéu&aééd using‘
stamfard dccounting data. \\
Even if the same type of productivity measuég is : 3
used, differept estimates can bé obtained depending Sq
‘ the definition of output and'input variables. Total f&qtor
e pro&uctivity gains as calculated by Dennison, Griliches
and Jorgenson, Kendrick and Solow! have varied widely.
. Indeed, éroductivity improvément really repregents the
residual increase in output after. increases in inputs have

r

been defined‘ The rest of th1a_ciugnxq;ékﬁwxﬁbes~th€7i*fa

used as the best estimates of xnputs and outputs in thisg™

e ——e— 4

“ study.x A production model is developed using this data in
¥ ) '
- Chapter/y and Chapter VI. Gighn‘the production model, the BN
impligd Solow type total factor.productivity measure is ”%‘

It
¢ ~

"1E.F, Dennison, The Sources of Economic Growth in °
the United States and the Adternatives Before Us,(New York:
Committee. tor Economic Devglopment, 1962); D.W. Jorgenson
and Z. Griliches, "The Expianatxon of Productivity Change®
Review of Euoonomics and Statistics, XXXIV, (July, 1867), -

‘pPp. 245«84; J. h;ndrlck, Pxoﬁuct1v1ty Trends in the .
{; United States; R. Solew, "Technical Change ang the .

Kggregate Ffoductxon«?unctxon » Pp. 312-20,




82, a

calculated in Chapter VII. . A produyctivity forecasting

moel is then developed and ‘the productivity forecasts
> : "1/

are related back to the Solow productivi@y measure

¥

i

describea\éﬁ Chapter XI;;;
N

B. Aggregaggpn

’As a

% L4
‘rgt step towards empirical representation ,

of Bell inputs d outputs, it is necessary to determiqe
tHe appropriate \level of aggregation. Usu&lly, this

r

decision is made énly on the basis of convenlence and data

availability. However, the valldlty of aggregatlon has ~ | '

received more atteition in recent literature. It has been

\

pointed out that a%%regation is ‘only wvalid in restricted
> \ . N
circumstances.- .

~

\ .
Most of the\deb has involved the aggregation
of heterogeneous cap'ﬁbl units., M. Ishaqg Nadiri has
: ). U :
7ummarlzed the conditlions necessary for capital aggregation

%
as follows. 5 \ - s

The neoclassidal 'approach assumes a competitive
econony, perfect foresight and that the guantity
of capital is independent of both relative
prices and the distribution of income, The
- necessary and sufficient conditions for grouping
variables are: (a) that the rate of substitution
between capital goods of different types he
independent of the quantity of labor used with
_ them, and (b) that the marginal rate of substitution
between any two types of capital must be constant, '

5

RS

1M." 1shaq Nadiri, "Som Approaahes to the Thaory and
Measurement of Total Factor Productivity: A Survey", Jaurnal
of Ecbhomic Literature, ¥III, (December, 1970), p. 113?
second conaition 18 required for the aggregate to be a
simple sum of the diiferent elements in the capital group.

13
.
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Similar conditions exist for*the aggregatiompf labor ahd

output. Obviously, these conditions are very restrictive

, and, in general, would not be fulfilled,

D. Robinson has argued that, the basig neoclassical

assumptions are not valid and that capital is a value
concept affected py relative.fac£or pricqg. She also
argdes‘that different capital goods are complements, rather
than substitutes. The noti&n-that capital is a valﬁe‘

conéept has .led to the current controversy on double- )
, -~
switching, The debate on this topic will not be pursued

F. Fisher! has examined .the conditions necessary
for aggrebation over several micro-economic production
functions given that capital, labor and output aggregates

exist for each productiv% unit. As discussed below, these
~ Vg \

conditions are also very stringent.

We are interested in the conditions unde;_uhécﬁ’;:f’\\

- t

is possible to write total output (y) as.determined by an

aggregate production function.

. -~

v -n .
4-1. Y o ‘_z y(v) = F(K,L)
’ v=]
where - K = K(kx(1), ..., k(n))
/ I.l‘8 L(!(l)' e s oy 2(0)).

h lp, Fisher, 'Tbé Existencéﬁof~igqregate Production
.Punctions", Econometrica, XXXVII, (October, 1969), pp. 553-

7. : i

/ ’ . . .. \ B (.
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i The aggregate capital (K) and labor“variables (L) are in
N | turn functions of the capital and labor uséd byl the yth
) productive unit to produce o¢utput.
k4
. ~ ' The usual condition given is that an aggregate
- ¢ ’ !
/ production function exists if and dnly if the production > -

°

/ function of every product#on unit is additively separable )

in capital and labor, that is, if and or;ly if every’

¢

production function (fvz ‘can be written in the form

£y (K (v, L(v)) (x(v)) +LVLvi); v=l, ..., n..

—

Although this condl';}on is true, it is unduiy restnctlve\i
» We actually are not interested in the condxtxon neceséary
for output to always be a 5functlo_n of aggreg”ate.capital (K)
o and labor (L). A prodgg}\i}on fhnét&\on describes the maximum
level of outputs that can l.be ochie.vegi if all inputs are |
employed efficiently. Thds we aré only inte;ested in the

L

conditions necessary for equatlon 4-1 -to hold given that -~

p};oductlon has been or?anahz@ to get the maximum output

n W N .
. . . . ¢

with the giveln input factors.

. : t/f].t\some cases, these conditions may be much less
- restrictive. For example, if boLh’ capital.ang labor~are ‘

homogeneocus and both are also perfectly mobile, an;‘

aggregate production‘functib’n ‘will always exist under “the ‘

: | t » iy .
assumption that both factor\s are optimally allocated , ,

among productive units. -The real. problem J.s that C/\
i .

institutional constpraints may make it im;:ossible f(or both

inputs to bé Optlmally allocated to the producti've um.ts.

- . P} Lo
' N - v
¢ . o \\ -
. E .

...,.
. ol
.
[)
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A more realistic approach is to a;s

v
)

capital inputs used by each productive

it are differént

«~ and are hot mobil)e. For the mbme'xt let us assume that

. labor is homogeneous and 0pt1mally allocateﬂ Under . .
4
» ‘ " constant returns to scam, Figher prOVes that the existen‘ce

’

of capital—-augmentmg’ technlcal dlfferenc?s between the

productive units - is the only case in whic aggre%atlon is

possible. Without ccnsti!ht'rethurns to scale, the only

case whaw\e ag regation is possible is when the productlon ) ~

“ ‘ \

fu,nction of each prod@ctlon umt can be represented as

) - o
3 PO ¢
¢ »

- L EMkW) W) = BT kw)) A vel, .l n

. The function F must be homogenecus of degree one and the
3 - : e

function HY must be mbnotohi“c." This mgans that .differences .

' ., in the%ro’duc'tion functions of producti\}e units can be 1
»b e S * : . ‘
represented by a stretching of<the capital axis. These’ N

conditions are quite restrictivé and, in gene'fal, woyld
RN : oo ~ . \
not be satisfied.: T i .

@

. . .
/ - Fisher has also examined the conditions necessary
¢ .

7 *

. - N .
& w for agygregation over miero production !fﬁnctionrs ‘when the @ },

AL~

assumption ofﬂﬂ single optimally allocated homoéeneous

D C labor‘i'ﬂeut is dropped and the ramount of capital and the

f , -
; / production functxon used by each productlve um.t is g:wen.
‘l‘he necessaxy condxt}on for aggregatzon is that the oo
? [

; ‘\ production function of edch product{ ive unit can be written

inthefoma,"' - w* ' ‘} B | S
R R fV(k(v) ! (v, .,.,9 m) _— (k(v), \,\ )

R \ .~ :
LI ‘,. @ (Rx.(v)l '0.,1 (VJ); vxl .‘.' ﬁ. 0" ::,

xﬂ V . . s
v o . s . i 4

5 T - T

B
.
< *
MR
N N v

1 -
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whére Y(v) is the output produced by the vth product;ve unit
k(v) 'is the capital used by the vth productive unit
.Ij(v) is the amount of the jth labor input used byu
the vth prdauctive unit. |

Aggregation is possible if and only if the pré-
duction of the composite labor input variable is the same
for all broductive units. This condition is very
frestrictive.‘ For example, under the assumption of‘constant
returns, if all firms face’the same set of wages, they
muét hire the same mix of labor gipes.

Degpite the very restrictive condiﬁions necessary
for aggregation, "there is, after all,-congiderable évidegge
lhét aggreghtg prdduction functions may be approprijte
approximations.”! One illustration is the fact that
predicted factdr shares are reasonably accurate, even

\\thqugh.the production function is only fitted with physical
input and output data. Fisher concludes that the N
apparani existence of a capital aggregate may be ca?sed by
firms always investing in proportion to a particular ;gdex,
by firms equating the mérginal rate of technical subséitu-
tion to fixed f;ctor price ratios or by some as yet unknown
sYstanatic-élements.z If“ééase underlying condit%oﬁh break
down, the aggregite production fdnction may,ho‘lqn@er apply.

H

’

11bid., p. 571. CL
, 2ysing stmjﬁnﬂlon techniques, F. Fisher,and R. .Solow
are currently stud¢ing the conditions under which an

. aggregate production function would appear to hold even
though it does not represent the underlying technological

relationships. - ‘ i . G




v A } .
Althquh I will be-dealing with data from one

! .
lcompanz, the aggregation problem is still present, Aftere\

readlng the above paragraphs readers should be'hware of

the lxmltatlons imposed by the aggregatlon problem,

Any aggregate results should be’ interpreted with this

constraint in mind.. T should add that the aggregation.h

problem exists in nearly all fields of econpmlc zi/

research.

c. Output |
When only one qood is inedlved the sepatatien of
/pnyllncrease in revenue into the ptbportxon due to a
price change and the proportion due to a quantity change
only requlres an exact definition of the good being sold.
thficult@es arise when gseveral goods are being
se}d. Total revenue ‘may be represented as | ' \
pY = plYl + p2¥2 + ..'.+pY.
' 5
Differentiatxng totally with respect to time, we obtain
93¥-+ -!——-2:'piﬂ+viapi .
at 14 i1 at :

~

\

"ﬁividing both sides by total*rh?enue (pY), we get

ip

Y it

p—4+Y qE - ; p --+ Y X

it . 1 i i at - \

pY pY pY P¥
- ~n i é - !
P ‘o i i . .
M = _'.'”I*"ivi :

"

»t
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ﬁates of growth of the diQisia‘price and quantity iﬁdexes"

.

‘Addlup'to the rate of growth of revenue. This is’ known

as the factor reversal test. Divisia indexes are also

symm£¥ric with re;pect';o time (time reversal test). 1In

addition, they have the, roperty that a divisia -index of
(<

technological change i ual to a divisia index of output

| .-Gividéd by a divisia index of inputs. M. Richter! has shown
/ éhat such an index satisfies several desirable invariance
axioms, .

', For éupiricai studies, it\ié necess:ry to find a
disgcrete app:oximation to the continuous divisia index.
Dcpendinq on how the weights are defined, how often they
pxy changed and whether a geometric or arithmetic average

o is calculated, several different indexes are_available.z

» ! ' °

s

wooo Iq. K. Richter, "Invariance Axioms and Economic -
Indexes", Economatrica, XXXIV, (October, 1966), pp. 739-755.

21, Pisher, The Making of Index Numbers. (Boston:
Houghton nit!’lin, 19!1) . . ’
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In this study, the famili;r Laspgyres index will be used,

' Although a direct index of output is preferable,
data iimit_ations often exist regarding the gqguantity of
each good sold in previous years. This is the case with
Bell Canada data. However, rate tables showing the price
of each ,good‘ do exist for all previous years. By obtaining
quantity data for only a few years‘to use as weighting
factors, it is possible to calculate price indexes and '
to then deflate revenues, If a Laspeyres price index is
calculated for deflation purposés, .a Paasche quarit;ity

index will in f‘pct be obtained. !

n .
o, [E e, a
Revenue Index ZI RS j=1 L1 TH,0
Price Index (Laspeyres) - n é -
P

n ¥
Ei Pi,1 91,1
L "
) n )
1‘?1. Py, Y4,0

m}en the (..aspegres price index is tl:iued upwards, th;
deflated output series will be biased downwards, etc.

It is also necessary' to update the base period and
form a chained Laspeyres price index., Changing the basket
of goods covered by the‘price index v11~1 make it possible
to consider price ci\an'ges'on'nji}t services which have been
introduced and to reduce the biases due to the index

number problem itself.
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A
. In cﬁodstng the level of aggregépion, each aggré;

~

gate output should be defined so as to minimize changes -

in the mix of outputs within that aggregate gro&b,r Bell
revenues have been g:oupqg into the categories chosen . v

for accounting purposes. Most of the change :in output mix ' !

is captured as bétween grouplvariation but undoubtedly A

’somé within érSup variation remains. . . *
Twenty ﬁears_of annual data were available. The ‘ ,

4

servicgf offered in each class have been described in

¥
i

Chapter II1. All price indexes are calculat?g %s described
previously. Mpre detalled comments regarding the price
indexes are made in Sectxon E. It should be noted that

in every case, untollectible revenues arevnat dedﬁcted,
sinde these sgfvices‘are produced and hence_aré 6ﬁtbﬁzéﬁéfz
Bell Canada. Revenue figures shewn for 1971 and 1972 are
prepared aqn a consoaidated sis for lel Canada~plus
,"Tbie-vireét and a consistent series is ﬁaintained.

All data are contaigned %? Appendix A, Tablé A41 )
shows the current dollar value, the price index and the,
1967 dollar value of local service révenue. similar data

\for the th{ée components of telephone message toll service
revenue are éomtaingq in Tables A-2, A-3 and A-4. Other
toll service revenﬁe; directory aavgrtising reﬁe@ue ;nd

"other miacéilgnequs revenues .are shown in Tables A-5, A-6 -

; and A-7, Tz%ies A-8 and A-9 summarize the previous seven

tables and -show ihé breakdown of total operating revenue

in current and 1967 dollar values. However, deflated
v B




. examination of Table A-10 will show that in current dollar

"are not inclyded as an input, then non-income taxes must

' ’ . e
. .

4 x .
total operating fevenue is‘not he measure of output/uséa ' }‘
for estimating aggregate broduct'on models in thia'study. ‘
}f inputs are takenkés li%or, capiéal and énter--
media;e goods, the_appropriate’definition of output ) -
includes the total value of production. However, if only

labor and capital inputs are considered, the appropridte

definition of output is a value added concept. An

‘terms, the cost of materials has remained an almost constant .

proportion of total operatiﬁq revenue.! ‘This would indicate

that the company has little discretion in making decisions . ——

-on the amount of intermediate goods purchased given the

level of final output. As a result, only primary labor
- A /A q
and capital inputs have been considered and output has -

been éefinéd as a value added 'concept.

Non-income taxes argxalso'deducted from total
oper&ting revenue in the calculation of 4ross Optput.“ The . .
problem is\thét no direct‘measutf.of&;hé ;ctual beneg}tl

received from tax payments is. available. If the bene*ita

be. subtracted from output and treated as aﬁiintet@ediate
input. This procedure was used to calculate the grocst

c N
output of Bell Canada. hf?

-
o

i

" lThe decline in the 'cost of materials, rents and
supplies as a proportion of total operating revénue o
expressed in real terms may be due to the fact that the C e,
Gross National Expenditure implicit price index was used - e

as an approximation for the price level of intermediate
inputs. o

’
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The calculation of current dollar gross output and

N

* ¢ . ;
real gross output.is shown by Tables A-10 and A-1l T

Lsespectivaly.' The implicit pricé:index for Gross ‘

Hational Expenditure is used to deflate non-income taxes N

and the cost of materials, rent, services and supplies. - R

{t‘ié felt that this is ‘a reasonable assumption in view ‘ N

. ‘ _of the unknown nature of benefits purchased in one case

8
1 . s

and the wide assortment of items in the other,

4

Inputs and outputs should be defined in a consistent’

wanner for use in productivity measures. One possibility

—AM*~”“jf”‘“’t§;€8*use gross output and gross capxtal data: Anotﬁer
. - alternative .which may be chasen if reliable depréciaﬁion
| ﬁata exists is to use net output and net cﬁpital data.

Thés"restriction need not apply to the data-used in the’
| estimation of a production modeln For example, grogé-
outéut can be specified as a function of labor and net
capital inputs, while depreciation is specified as a o
_ separate funcé?on of net capital, ﬁowevgr, in this study,l~ o
the same data.gfs used in the productiﬁn models and in‘
K the productiv}ty'measures so that the residual of the
production model would conceptdallyucorrespond‘with
- measured total factor productivity.

;oo . To calculate an oﬁtggt series consistent with the

- gross capital series, write-offs should be Beducted. Since
piaﬁt retirements are deducted from gross plant they
should also be deducted from any gross output series as

i . an cxpenac. In this way, write—offb are treated in the

P
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same way as depraciation expense - only the timinq,of the -

deduction has changed. A distribution of write-offs by

vintage is f’irst/éombuted i::sing the vintage digtributionl -

of gross p/l/ant at the beginning and éna of the year. ‘

Write-offs are then repriced to curren\t‘ and 1967 dollar ' Coa

values: using the composite telephone plant p;ice index

‘which is described in Sect;ion H. Tables A-12 and A-13

show the calculation of grgss output minus 'writg—offs.’ .
“’1‘0 calculate an output series consistent with the

net capital seéies, depreciation should be deducted.

These calculatxons are shown by Tables A-14 and A- 15. The

value of deprecxatlon in current dollars does not cotres-

pond to depreciation expense used for accounting purposes -

since the current dollar figure shown here is based on a

restatement of depreciation for each vintage of capital "

from 6rigina1 cost to current dollars. A distribution of .

/depre/ciatior{ expense by vintage was not available and it

\

was assumed thatvthe distribut;on of depteciation by \[
‘ _ -vxntage was the sax\t;e as the distribut;ion of gross deprér

ciagble plant. i Telephone plant price indexes were used to .

reprice deprec')".ation’. ' . -~

D. Labor Input

¢

The aggregate measure of labor input is developed

directly as a Laspeyreé index of manhours worked. This
. « ‘., N T M

,." - - ' N

Te

. 1Gross - output’ is defined without deduction gf
write-off expense in most productivity atu?Zel of which 1
am aware.

Ay
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mefhod is preferable to using a labor -cost index to deflate

employee exﬁense, It was possible to use this apﬁroach .
,beca?ae information existed on the quaﬁtity of ﬁanhoufs
employed for each year, Time paid for, but not wor&ed
including vacatlons, sick leave, holidays and overtime
bonuses were not included.
An attempt was also made to adjust hours worked
to reflect differences in the quallty or skxll of each’ .
manhour, “Nén't)y-eight ‘classes of labor input were defined
K on the basis of seniorlty and type of work. Manhours

%

worked in each class were calculated by removing hours

attributable to- sxck Yeave, vacatlons and holldays, by
| ¢ "‘L taking account of the fact that overtime bonuses do not .(—‘
N reflect additional hours actually worked and by removxng ‘ -
e the number of manhours worked which were charged to ° ‘ -
conatrucglon expense, It remained to determine quality
' weights for each class of manhour ‘considered.
Ty ) Quality weights were taken as the ratio of the
. avbraga total houxly ‘renumeration of each class to the ,~
averaqa for all clésses.,‘?he assumption is that total
renumoration reflecta the quality of each class of labor. v
Since there were no cbserved shortages or oversupplxeS»
< of par}icular classes of‘labqr in l9§7, this year waq .

‘] * ' - .
chosen an,thﬁ basis for quality weights. It was found

' that quality wciqhts calculated using other yeaxs showed

A Y

little’ yarghtion. X o . . !

,1’“1 - \ . . N
.




1

4 .\ ) "A . O .
An attempt was made .to “include all fringe benefits -

. for each class of labor in the total renumeration’paid.
These fringe benefits totaled over 20 per ceﬁt of the gross
‘payroll in 1967, THe items listed in Appendix B were

+

included. Total fringe benefits were éalculated‘for each

type of labor and‘distributeq té eac&-seniﬁr}ty class
,according to the relative ﬁage payﬁents for that seniority.
A special calculation of fringe benefits was made for
part—timé employeesl) fotal renumeraiion for each_class
was calculated as the sum of wage paquntb plus total ’
fringe benefits. Quallty wejights were then obtained by

: compar1ng the average renumeration paid per manhour worked’
by eqch class of labor. In the calculation of labor weights,

" no differential w;s made between labor charged construction
and labor actually expensed., It was felt that the average
renumeration per manhour in each class bf labor was not
affected by this factor.'

‘) ) Tables A-«16 and A-17 show ;he ‘total manhours and

g

weighted manhours worked. Data are presented for the -

L]

following labor types.

- (@) Telephoﬁé operators

. R (b) Plant craftsmen \
‘e : (c) Cleriecal (Non—Supervisorn) . '
. " {@)+ other (Non-Supervisors) -
’ .- (e} Foremen and Supervisors

, - (£) , Executive and staff
- .- (g) Part-Time and Occasional’
. . (h) Total : o 4 .
Workers Of different seniorities have been aggregated :
‘within each labox type. It was felt that the above data

should be sufficient for aggregate and disaggregate models.
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E. Capital Input _ .

if capital and labor inputs are to be measured
O
- consistently, the actual flow of capitql serv1ces used

u-bshould be considered. .Unfortunately, an aggregate
‘ capacity utilization index does not exist and it is°
impossible to obtain an exac£ measure of the actual capital
stock being utilized or of the éﬁpital services flowing /
>  from the utilized capital stb¢k. - One ahternative is to
calculate the capital’ 1nput series by multiplylng the
mpasured capital stock series by the’rate of return in
some base year. 'This method was used to calcuiate capital
fnput. when utilization rates are higher than in :Qe base
‘yeat, the calculated capital input gepiegﬁxs lxkely to be
lower than the true capital input, ) ¢
Cash, accounts receiva?ke, and other short ~term

assets are excluded from the définition ‘of capital used.

' These represent a relatively small proportion of the
. ' %

total assets of Bell Canada and vary directly with telephdne
plant. '

Thc age distribution of total gross plant is !
dlvcloped from data on gross additions. Actual mortality
data are now available for about 70 per cent of gross
plant. ©On the rgmainiﬁg plgnt; the agouni surviving\is

estimated using survivor ‘durves for each class of plant.‘

. Before 1972, it.was not possible to apply this math@d due
- te.a lack of data. A survivor curve for total plant was j

-  developed from a census of plant in 1965. This aggregate

el

t

4

.
o v ~
)

o ‘;AA_,_‘_; - . ) . .
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year by a simple proration.

T e ek A v et ol b

survivor curve was then applied to tdtal gross additioms
inreach'year' since 1920 to calculate a vintage distribution

of .total gross piant; in each year. When the distribution .

of gross plant is obtained, the sum over all vintages is

adjusted to“qual" the book value of gross plant in that

Total net plant distributions are calculated using

the distributions of total gross plant and the distriBution

of. the accumulated depreciation reserve. In earlier yeaf’sg

this calculation was done an an aggregate basis. However,

v

in 1972, callculations were performed for each class of plant.

" The vintagé distribution of aécumdlated ’depx:feciation is

calculated from the distribution of gross plant and the

relevant. straight-line depreciation rate. It is balanced
, N

to the total book value by prorating St:rfq;s,wall categories

. ‘ ) .
and vintages. . - e

. .

¥ +

v

-  Telephone Plant Price Indexes are used to deflate

. & -
_ both gross and net plant. These price indexes are

described in Section H. As a result of the change“frugn Thor

aggregate to ,d}j,gg_gxegate repriczng, each Beries was linked

S 1y —

1n 1972 by multiplying previous yearn by an appropriate
‘adjustment factor. Tables A-18 and A-19 show totantoas
and total net plant in current and 1967 dollars, Tota; o

ayﬁrage‘ plant under construction is iaxludcd. I N

3

F. Price Indexes for Outpd‘t o I
The theoretical basis of differant. types of price
indexes and concepts _Buch as chtining hava already been

2 ) (5 P * Q
: R . -

K
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“ to 100 per ce/a As discusaed in Chapter II the prn‘vxszon
~of Extended Area Serviée and a{>he groupings of exchanges

, statistical sample of toll calis which was started in 1967, )

changed to October 1970 for the :{x-n:x:a--i@iel‘i‘l tomponen j and to | .

T ‘ -t x
i /\ i .
- \ *
1 v r ® ‘ -
discussed. A description of Bell services hag also been
(/ .

made. It remains to describe the pricing of each output
and the price index that has been developed.’ o
Local service is billed at a basic monthly rate

[ . B
depending on the number of telephpnes in the exchahge and

r
. -

t.he type of custoniei:. There are a-lso"nonrecurring‘ charges
for installa':tio’n, ‘etc., A Laspey'res price  index was .
calculated using quantith weic}hté;%rbm 1967. 'I“hes? weights
were updated in _1'971 and a chained price index was.
c'a\kculated. Due to the introduction of new setvices anti
“the abs;nce of quantity data, it was not poqsible to . ‘
define a consxstenn basket of goods over the ear11er gerlods .

which would include all the goods sold ih a partlcular year.

Bowever, the 'coverage of the index since 1965 is ¢ ose
|

‘due to growth in the number ‘terephones are not consi-

dexed to be price incraases in the calculation of * this

index. The Calculat:e'éﬂ_inde.x is shown in Table A-1,
Al]l of the'talbipi{z?ne message tdll indexes are

calculated with the samh}\!igsic‘ program and are based on a

Quantity wéigh't:s initially were chyb’en using the month of
October 1967. . Since then, the base wexghts have been

" ——

April 1972 fo;' the others. It is importaqt that the number

of business days, Saturhays and Sundays be aqiusted to 't{gg

i
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proportion 5—1-1 to avoid@ any bias caused by changing the

base month. Prices are based on the t1me of day, ‘the type
of call (Person—to—Person, Statlon—to—Station operator »

handled Dlrect Distance Dialed), the day of the week and
f . ¢

the length of call C1a551fy1n9 particular components on

this basis, a Laspeyres price‘lndex is calgulated. The

>

yeaz;y prlce index is qalculated by taklng account of the )

Lt

- month in which the prlce change occurred Calcuidted price
1ndexes are shown in Tables A-2, A-3 and A<4,
'y Other toll revenues include a ver* large number of r ‘ff]“
services. Sohe of tnase have monthly charges for mileage
_and terminal equipment. There - are also a large number of

. servxce charge arrangements. New products have been
. ~ s ! A

' 1ntroduced at a rapid rate - particularly in the data

o

: transmission field. In addition to difficulties of o
. ~

prodict definition, there is a lack’ of data regarding

* 1

quantities sold. Slnce most of these servicea are

&

Offered to business and compete with basip toll service,‘
‘. one alternative is to assume that che%r.tages move in line ) ¢
yith'tne business da;}diféct cistdnce diéléd comiponent .
o# telenhone néssage@éoii prices. This agsumption was
made for many df the services. Ic was pcasible“to
v calculate‘u Laspeyres ptice index for Tbletypewritet and
~,~ wxde Area Telephone Service. Private line price changas
*  wvere apgroximated by pricing the average mileage per
c;rcult which existed. in February 1973, Ththomposite

- przce index for other toll is shown in Table A-5. B
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A Laspeyres price index was also developed for

directory advertising service. Due to the changing
- A
* composition of the product and the ayailability of data,
the basket of goods was redefined several times and the

_price index‘wgé linked whengver the basket of godds changed.

7

Another complication was that a rate change does not take

~, . . .
,quf*;. effect until a new directory is printed. Since all the

v directorles are not printed at the sane time, there exists

L3

"* a'time Bpan over which a rate change becomes effective. In

‘each case, the midpoint of the application was estimated
? ,
- and the entire price-up effect was assumed to occur at '

. that time. An anndal price index was computed., The

A}

‘calculated index is shown in Table A-7.

LN

: . Other miscellaneous revenue includes rents,

%
[

qénerai services, licenses and all other revenues. It

was felt that the implicit price i%dex for Gross National

Experiditure could be used to deflate this category. This
. indgi is showp in Table A-7.~ The same assumption was ~ .
made with/rqurd'tb thg deflation of non-income taxes and
‘thp c?st of éateriaxa,'supplies, rent and service in Table
A-11. In view of the large number and variety of products
invorve&, Ehis‘assumption‘is probably rgasonable. ¢
’ The above price indexes can be used separately or

combined to forﬁgimplicit price indexes fottiargér‘aggre-

gates. The implicit price indexes for local, toll, mis- ‘ *
'cellaneous and total Bell Canada service are shown in

Table A-20,

L s e Ry




Q ‘ . 101, N , .

f y G.‘lPriqe Indexes for Labor Input

The price index for labor input can be computed

as employee expense per weighted manhour. In addition

" to basic wage payments, émployee expense includes many of

.

. the fringe benefits discussed in Section D (items which

are considered as tax payments are excluded). ‘To convert

I
}

this index into real terms, it is necessary to divide by

| - the implicit price index for Bell Canada services. Table
A-21 illustrates these calculations. )

Data on a disaggregate basis are only available
\ -

for wages and salaries paid. To be consistent with the T .

price index &ied Qn an aggregatg basis and with the actual

N definition of labor input,used in this study,. the
ccmpensatién to labor should be staged dn terms of
employee expense, However, it is not possib}e-to ce;dulata
employee expense for each lype of lgbor inpct. As an

. alﬁernative, the average wage and salary/pet weightad man-
'hour received by employees of a partic lar type (including
those engaged in construction) was egtimated for 1967. It
was assuﬁed that the ratio of employee expense to wages and
s salar#es was the same for each type of labor. -For each

> type of labor, the- -average wage per wéighted manhqQur was - .
estimated ?né multiplied by the ratio of total omploye. .
expense tgigéial wage” and salaries paid per weiqhted mqn-'

hour for all employees. This methggxwaa.ulad to

estimate employee expense per wegghtad manhour for each . .

S
ALl
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employee categ%ry in 1967. ‘111 calcqlations are shown in
Appendix C. ,
" Average ba#ic wage'rate data for each type of labor
are only availaBLe after 1967. App%ying the percentage
change§ in averagetbasic wages to éhe:estimated employee
expenée\per weiqgted manhour in 1967, it was‘possible to
'‘derive estimates for the cost of each labor input from-1968
to 1972..\Thé implied assumﬁtion is that the ratﬁﬁ of
'employee expense to basic wages is the same for all types
'of labor in all years. For the years 1952 to 1966, it
‘ga; possible to qp;d&n infprﬁa%ion on the wage rate for a
particular type of operator, plant cé;ftsman and clerk. 1In
a similar manner, th%s,information was used to dérive the
estimates of empioyee expense per weighted manhour from 1952
to 1966, During this period, {t was assumed that the price
- of oiher labor inputs moved by‘;he same percentage as the
prike index ‘for aggregate labor input.:‘{u .

One underlying assumption of these calculations is
that workers engaged in~construct£on'activity receive tﬁe
same renumeration as other employees. Actuallf, we aée
only interested in thbése employe;q who are engaged in
proviéing output in the current -year. The waée and salaxy
data used here apply to all Ball Canada emplpyees.

finally.'to find the real price indexes fdf each
type of labor input, the nominal labor pricg.inde;;s were
aqglatéd by éha implicit price of Bell Canada services.

The final r ults are shown in Table A-22. Although the
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disaggreg;te labér input price indexes developed here are
only estimates, two trends can be observed. First, the
iﬁcrease in Qage fates is higher in all classes froﬁ 1962
to 1972 than from 1952 to 1962, Secondly, the increases in
renumeration received by telephone operators, plant crafts-
men and clerical employees was below the average Bell
inqgease~from 1952 to 1962 and above the averagefBell

incrEasg from 1962 to 1972,

H. User Cost of Capital Input

l. General Formula

Taking account of the corporate tax structure, the

i
before tax user cost of capital can be represented agL
- 2,
B ‘3} - utvt) (1 - ut"t) (1 - “txt) 9,
CB't_. qt 6t+ -——-————-—-—-tt- 12‘ .
Ll-'ut l-ut u,
where C, , = before tax user cost of capital in period t
[ 4
9, = price of capital goods in period t

8¢ = composite depreciation rate in period t

re = rate of return on capital in period t (after
.' tax rate on equity and before tax rate on debt)

Ve = préportion of depreciation deductible for tax
' purposes

Wy = proportion of total income deductible for tax
C_ purposes (interest expense/total income)

- )

Ithis formula has been used in several studies..
For example, see D. W, Jorgenson, "Investment Behaviour and
the Production Function®, Bell Journal of Econcmics and

Management Science, III, (8pring, T, PP. =251,

] .




- where ¢

Xx = proportion of capital gains which are realized
and taxable /

= effective corporate income tax rate realized
and t&&able. '

] T

e

e ’ ) . .
sincé plant is not often resold capital gains are
: \

not realized and are not taxable. As a result, x,_ is egual'

t
to zerod On the aswumptidn that capital gains are transi-

tional and are not regarded as part of the cost of capital .
by decision makers, the before tax user cost of capxtal can

be represented as

@ -uwv) 3
Cpt ?t[ lft . *"a,t]
. Ue

is rate of return on capital before taxes. \ﬁa

B,t
It remains to define the actual data used in the .

L]

calculation of the user cost o(/capital\for Bell daﬁada.
. ' & - ~

<

2. The_Priée.of Capital Goods (qt) _

The composite—Télephoné\Plant Index (1.8.1.) was
used as the price of capital goods. This is a Laspeyres
price index which incbrporateé frequent weight changes
because of ﬁge changing composiiidn of the total telephone

plant. Separate pricg indexes are availablé for the

~ following six nakn classes of plant, L

- (a) Buildings
{b) Central Office Equipment (Switching Machinery)
(c} station Equipment (Telephone Sets, etc.)’
(8) Outside Plant (Poles, wire, cable, microwave
towers, etl.) ' .
(e) Furniture and Office Equipment ot
(£} Motor Vehicles.
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Each of these coméonenés ;s‘a‘chained Laépéyres price
index; | , - . ) '

The Buildinés price index is derived by weighting
Statisticg Canada iﬁdexes for noqgesidenti&l buildiqg‘
Jaterials and construction Qage rates in the propgrtions

in which these expensés make up building costs - 60 per cent

and 40 per cent respectively. Statistics Canada wholesale

price indexes for furniture and for trucks under 5,000 °
pounds were used for thé.last two categories. Price indexes’
were developed for the other three categories using Bell’
Canada data. Five types.of central office installations,
nine categories of .station equipment'(covering mo§£ station
%xpenditures) and twenty-five types of materials and labor
used in constructing outside plant ‘were repriced. It should
be noted that these are actually indexes of the cost of
construction. Since the plant is_not actually sold, it is
impossible to construct a true price index for these o " '
éomponents.

To derive a composite index, different components
are weighted by the amount of investment made in each clasl.‘
As pointedjgut in Section E of this chapter, the cbmpooite
T.P.I. is uged to xeprice’average gross and net capital
stock. 1f different categories of plant depreciate at
Pifferent rates, the qﬁiﬁt;ty weights used ;n‘the coﬁponitc
T.P.I. should refer to the surviving or undegreciated

capital stock of each type. Another alternative is to
. repriég the capitalhstock by category instead of nsinq'thg‘ o
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composite T.P.I. The distribution of plant by category E
is available for a few recent years and it was only
possible to use disaggregate reprxcing in these years. The

\

tepriced total gross and net capital ‘stock fxgures were

)

very close to the vanres derived using the composxte T.P.I. 3
Obviously, so;e of the categories of plant w1th the highest
price increases dgprecxate or are wrzttenhoff at faster

b rates than average and some dépreciate or are written off
at slower rates. .The net effect is that they tend to cancel
out, Similar comments apply to the aggregate and dis-
aggreqate repricing of plant write~offs and depreciation

expense., Column one of Table A-23 shows the composite

T.P.1. for Bell Canada.
14

3, The Corporate Income Tax ﬁate (“t)

In each year, the composite rate of income tax %;1 \
calculated as the ratio of income tax payable to taxable
inboﬁof In -general, this ratio will vary slightly due to
ippciil tax provisions whigé may be in effect at any -point
in time. Deferred taxes are included as taxes payable in

phchurrent year. Column two of Table A-23 shows the =,

calculata& income tax rate.

yi. The Composite Depreciation Rate (8¢}

‘ This series is calculated as the ratio of depre-

- eiation)éthtod in current dollars (Table A-15) to gross
cnpital'stqpk ropric:§\€6 current dollars (Table A-lé) and

is shown by column three of Table A-23,

-

I
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« , i
S. Proportion of Deprecxation Deductible
for Tax Purposes (v ) - : ‘

Total depreciation charged for tax purposes is
divided by depreciation measured in current dollars to-*

calculate v, . The calculated series is shown in column four

of Table A-23. -

6. Rate of Return on Capitaf
Before Taxes (rB t)
. ’

, Two types of measures have been used in this study

N , L

for the before tax user cost of capital. The firat measure
is derived by dividing net oﬁtput minus employee expense

by the total average net capital stock in egch year. All
values are expresaed'in cqrrént dollars or repriced to
’cufgent dollars. When using gross output and gross capital,
the cést‘of capital is defined ds gross output minus
employee expense divided by total average gross capital
stock in eéch year. . These definitions have the advantage
that factor payments Jili always: exhaust output in every

h 4

year. The calculated series are shown in the first two

»
+ -

colpmné of Table A-24. ‘
Another method of measurinq thre cost of capital
\E" is ‘to look at the opportunity cost of funds and not at
what is actually made on money invested in plant. Although
the economist normally would prefer this concept,

difficulties arise in the actual definition of opportupity

Fe




cost.! The cost of funds on the market will vary with the
debt to equity ratio. One practical alternative is to
assumé that an optimal debt ratio has been determined each
year by managemeng and to proceed with an analysis of the
opportunitQ,cost of equity and debt separately. In the
case of Bell Canada, the debt ratio has remained fairly

, { :
stable and it is reasonable to assume that management has
) ,

little discretion in the amount of dgbt and equity

financing used.

"It is véry'difficult to define an opportunity cost
for equity capital. Different firms have dif§£rent degrees
of risk and faée different market uations. Ong

possibility is to use the raté of return on average édmmon

equity capital for seven Canadian Telephone companies.

However, each of these companies is smaller .than Bell S
'Canada. Another alternative is‘to'simply‘take the rate of

return paid by Bell Canada on aQérage total equity capitalﬂ’

This approach assumes that Bell is raising money in perfect

: 1A great deal of debate has occurred concerning the
@@ _ theoretical and empirical definition of the rate of return
! or cost of capital. For example, see F. Modigliani and
M.H. Miller, "The Cost of .Capital, Corporation Finance and
the Theory of Irivestment™, American:Economic Review, XLVIII,
(June, 1958), pp. 261-97; D. Durand, "The Cost of Capital
in an Imperfect Market: A Reply to Modigliani and Miller?,
American Economic Review, XLIX, (September, 1959), . .
PP- 639-55, reply pp. 655-69 ; F. Hodiglianigzmd M.H. o
Miller, "The Cost of Capital, Corporation Finance and the
Theory of Investment: Reply®”, American Economic Review, LV,
(June, 1965), pp. 524-27, and "Soma Estimates the Cost of
" Capital to the Electric Utility Industry, 1954-57, American
Economic Review, LVI, {June, 1966), pp. 333-91, comments
~ang3r:p1y in same journai, LVII, (December, 1967), pp. 1258
- 0 . - .

.y
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equity markets and that the rate of return on preferred
and common eguity can be lumped together. Since the main
purpose of this paper is not the investiéation of the cost
of capital, these are’the only two approaches whiéﬁ were

tdken. Inh both cases, the rate of return on equity as

i
s

stated is on an after tax basis and the before tax rate of
return was calculated by dividing by one minus. the effectzve
corporate income tax rate. No'attempt was made to Btudy
‘firms in the same risk class as Bell Canada or to determine
the rate of return on the market va;ue of equity.

The ppportunity cost of debt was taken either as
the ma;ginal cost of new long-term debt issued by Bell
Canada or as the embedéed cost of debt issued by Bell
Canada. \Although the former alternative is preferable on
theoreticél grounds, the latter measure is often used for
regulatory purposes and is often‘qyoted by com?any
officials. These rates of return are only opportunity
costs if Bell raises money in perfect debt markets. Once’
again, norﬁh;empt was made to study firms.in the same risk .
class as‘Bell‘Eanada or to state rates of.return on debt
in terms of marketﬁvalues. The Fates of return on Aebt
ate stated on a beforée tax ba;is and no adjustment was
”necessary. ’ | y

Using the actual debt equity ratio in each year,

a weighted average of ihe oppcrtunity cost o§ equity and
debt was ‘®alculated. Four alternative ﬁeasur&s were

derived and these are shown in the last four columns pf

’ ¢ b
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-7. Deflation of User Cost of Capitalég/ : b
As described above, six Aiffereﬂz measures of-the ‘

rate of return to capital were obtained. From these, it was - E

possible to caiculate six different measures of the before
tax user cdst of capital. Each of these measures were

" deflated by the implicit pri¢e index for Bell services and

the deflated series are shown in Table A-25,

v’

.

I. Proxy Variables for Technological Change

ﬁhe‘usual procedure is to‘use a time trend as a
proxy variable for technological change. Even if the
advancerin fundamental or basic knowledge followed a'smooth

time trend, we are more interested in the rate of techno-

,logical innpvatioqsi From the.-description given in .
Chapter I1I, it is clear that the rate of innovation was
not constant over time. n |

A qreat‘ﬁfny %nnbvations have. been made during the -

period 1952 to 1972. 80mg of the more important changes

. in the four stages of producgbbn include (1) the change -to

" switching machines requiring less maintenance (Number Five

Cross-bar and Electronic Switching Systems), (2) the use of

microwave transmission systems, (3) the use of buried cable

and dedicqﬁnd plant for local loops and (4) the development

(2

of new types of station apgaxatus."rhelnewei typés of
station apparatus are probably indicative of new products ) :

rather than cost reducing technological advances. Data

. | v .
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on the percentage of total wire mileage which is buriéd

show no great rqduction over the period. Also, the cost
reducing properties of dedicated plant have not been clearly
demonstrated. Perhaps the mast important change has been
the sw1tch to more advanced switching machines. This
innovation affects both local and toll traffic. At ‘about
the same time, the ﬁicrowavg system was built for the
transmission of toll calls. A second proxy variable used '
for technological change in this study is the percentage

of telephones which were connected to Number Five Crossbar

and Eleétronic Switching System officés. Other innovations
such as the use for microwave transmission géll also be
representéd by this proxy variable. - J

/- The innovations mentioned above are primarily '
rgléted to the managemeht and use of capital. Improyemeﬁts
in the management and use of labor have also occurred, but

these were more gradual and less noticeable,

To the telephone jﬁstomer; the most obvious change

\

has been the infroductidg of Direct Distance Dialing. Once
again, this may be more indicative ofva,chaggé'in;product,
rather than a cost reducing technological innfivation. In:
any case, the percentage of calls direct distance ‘dialed
was used as a third proxy variqple for technological thange.

The three proxy variables are ahown in Table A-26.

. A : ” .
P d . *
o - . b
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PRODUCTION MODELS FOR BELL Cﬁiﬁﬂb - THEORY

A Relationship Between Technological
Ehangg\and Procuctivity Measures '

o
" \
* . . i

. Fouf characteristics of a technologx?have?been i
\§

o

. \

classifiediby M. Brown:!

\ (a) The efficiency of a technology determlnes the s
e ) - ocutput that results from a given level of :
.inputs (holding the other ch#Pacteristic fixed).

" (b) Teggnological economies of scale determine the
extent to which a proportionate change in inputs -
generates a propor ionate change in output

. .{there are also. firm economees of scale which

' . are gdependent on tL”size of the firm).

. . (c) The capital intensiﬁx,of a technology refers to .
<« " . " the caplital-labor ratio. (Degrees of capital )

"~ “4intensity are reflected in the capital-labor

ratio for given relative factor prices.)

. |

.- - (d) elastic;ty of substitution ' (6) is defined

) forga production functign with only two inputs

, ‘. . (capital and labor) as the percentage change-

: in the capital-labor ratic divided by the"
percentage change in the marginal rate of
.technical substitution of capxtal for labor.
> ‘
.'lpcl;mological change ‘can lead ‘to a’chmge in anx one .

of these characteristics. A neutril_technlcql change will
. - S 3 .

P

affect only the fif:t two. A:non—neutral technicaivchange'_

: will affect the capital infensity and elasticity of

' » ©

.
v h ’

o
’ ) M. Brown, On the Theory and Measutement of . ,L -
. chhnglggical Change. (CaﬁBixdge- Caﬁbtxagg,ﬂhxversity N
Xass, ¢+ PD. ’280 $ [T

e G [
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&

. substitution as well. Geometrlcally,d either neutral or
non-neutral technological change represent a'shi\ft'in the .

boundary of the productioh set and hence a shift in the .
production function. )

©

Total factor productiwity ratios are based on the

! , , .
inputs of bgth capital and labor. They are ofteh used.as . -
a measure, of performance and interpreted as the change in ) o
. IR . A Dt

efficiency. i\Ho‘vever, this interpretation may not be
correct., Kendrick's measxxre of total factor productivity /

* was explained in ‘the prevxbus chapter. For relatively

. "
] N

1éma11 variations uT\hla meaaure of total factor product;zvity \

N

to be 1nterpreted ai;s\the ch nge in the efficiency of

production, the foﬂl ing assumptlons are required

(a) consta!ni: r turna to scale

(b) neutral technical change .

. -~ {(c) exogenously\determined factor and output prices-
. (d) cost minimi2ing: behaviour.

|

- These assunptlons a]:r:e not \always valid and the total factor

‘ producm\uty ratlo 4is a furnction of- the level -of ef?ﬁh}'qu

v as well as the ﬂeviatmn from each of”the above assuﬁptioxis.

, S ]

By buzldlng a produc ion model, it is theoretically

posmb'le to determxne exactly which technological charac-

&
teyisucs are changing an& exactly what is causing the g

-

;Sroductlvxtj ratib to vary.
{

step taward s‘pecifyinq a reas iable productivity qoal for

his knwledge is the first

- #-

amy antomatic } adjustn@nt lause,

2,
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B. ! Implicit Assumptions of Alternative
Productlon Functions

The elasticity of substitution (@) is an important
economic characteristic and production. functions are often
classified on the basis of this property. Mathematically,‘

the elasticity of substitution can be expressed as

41 (/)

G = = ld("/wﬁ‘/m] ‘ ld(MPPL)/MPPL
MPP

A AN L ey ) v MPR_  MPP

. HPPK K K

Assuming factors are paid their marginal products, if the

elasticity of substitution is greater than unity, then a

.payments to decrease.

rising capital-labor ratioc causes labor'é"s share of factor

L}

It is possible to derive production functions which

imply a constant e};asticity of substitution for all ratios

‘of factows employed and for all levels of output. Assume

£

that an isoquant can bg written as an ordinary linear

second order differential equation in terms of K, L and @ .
This equation can be solved ‘to obtain the exaci form of

the isoquan& (in tar;uao of K and L) for any level of 6 . A
homogeneous production function can then be derived using the
differential equation for the 'isoqu;nt.l

7 e
5 TTif T w 0, a Leontief production function is obtained.

nqnition 5-~1 illustrates this type of production function.

s-1. ¥ = ki LE K/L < Kofly *
- k,K if K/L > Ky/L,
3 ‘ v
11bid,, pp. 192-94. .
.




e e a Tl ey et o) N A R o e
.

115,

Production must take place at the input L;atio_ KO/LQ. . No
subétit;tion of the factcok inputé is possible and if either
iﬁﬁu’t is prese’nt in excess amounts, the ot;her input becomes
limiting. The dxscussion of the produc;tion proce;s in
Chapter 1I pomted out that the possibllity of factor
substitution exists in the telephone business. nr.'rherefc;re,
. no attempt was made to estimate this type of func%.ion.

1f O =1, a Cobb-Douglas produttion function is ‘

obtained. This f"uactri,gn is illustrated by equation 5-2.

5-2. Y = on"‘"'x.“'; o> 0,8 0, vaetsg >0,
In order for the marginal products of capital and labor to
be positive, both & and 8 nlus-t be greatef than zero. 'rhe‘ 1 |
function 'i;s homogexieéus of degree v. In economic terms, ’
v refei“ to economics of scale. If v is greater (1eu)
than unity, there are increasing (decreasing) returns to
scale. | |

The Cobb-Douglas production ‘func’tion has several
desirable theoreiical properties., Whenet and 8§ are greater
than zero, the marginal products of the input facﬁon are
positive. Also, when & and 8‘are le;s than one, the marginal
produc.:ts are degreasing.f ions of the respective inputs.
If in addition, it is true t a + 8 =1, the function
has consiant returns to scale and therefore satisfies

what are called desirable properties for a neoclassical

production function.'®

o Xp ,

1X. Arrow, B. Chenery, B. Minhas and R. Solow, "Capital-
Labour Substitution and Economic Efficiency," Review ot Economics
and Statistics, XLIII, (August, 1961), pp. 225-250.
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If factors dre_*p.aid the valug of their marginal

‘ products, factor shares will be constant with a -

Cobb-~Douglas production’funct-:ion. This reluative
itabililty of factor shares is often observed in economic
data.‘ ,

‘A Cobh-Douglas function can reflect several types
of téchnological change. An increase in efficiency is
shown by an increase in the constant term., A change in '
returns to scale would be shown by a change in the sum of
& and 8 (with their relative values unchanged). An
increase in & relative to B8 would correspond to an
intrease in capit(al i'nténsity. Technological change leading
to ja change i:n the elasticity of substitution cannot be
reflected using a Cobb-Douglas function.

The genéral form of a Constant Elasticity of
éubltitution (C.E.B) production function is shown by
equation 5-3. .. ‘

v

S

| -P ' -p|P
5-3. Y = Y J&K" + (1 - 4) L 1 ¥>0, 0<f<l, p>-1, v>0.

Y = scale parameter denoting efficiency of pro;iuction
§ = capital intensity parameter
v = degree of homogenéity or returns to scale

p = .__._.1}6' _where @ is the elasticity of substitution

The C.E.S. function also satisfied the properties
of a neoclassical production function, When the elasticity
of substitution is'less than unity (p > 0), the function

v \\' .

b < \ \

F.
S~ ')'ha- r
PO

4

e _.A__..‘_——_—A“'
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has desirable asymptotic proﬁertie?-;s wvell. All types of

technical change can be represented. ! A major weakness of

the C.E.S. function is that it is difficult to f/it empiricdlly.
Both the Cobb-Douglas and C.E.S. functions are based

on the assumption that the elasticity of substitution is

invariant with respect t;c factor inputs. It is also

possible to relax this assumption and si)écify_Variable

Elasticity of Substitution (V.E.S.) production functions.

Alternative production function§ have been presented
which describe the production procéss at a definite point
in time. Assumptions with regarci to each of Jthe four
technological characteristics were pointed out. My major

. ‘ concern is witoh changes in measured productivity levels ande
hence with changes in each of' the four technological
characteristics. The following sections discuss how .
shifts in various production functions may be specified

ar;d estimated empirically.

C. Investigating Technological Change
Using Implied Relationships

Before discussing the estimation of production
- functions when technological change is taking place, it

Lk is appropriate to consider the direct investigation of

11t should be noted that non-neutral technical
change does not necessarily increase the rate of growth of
output. An increase in capital intensity will increase
output growth only if capital.is growing faster than labor.
However, an increase in the elasticity of substitution
of capital for labor will always increase the rate of
growth of output.




118.

) i

technological change under restrictive assumptions. -’ Sato
and Beckmann! have classified several types of technological
change, Production functions can be modified to incérporate
each of these types. However, nonlinear production functions
are often derived and estimation is difficult., One alter-

A

native is to assume constant returns to scale, exogenously

determined factor and output prices and cost minimizing
behaviour. As a result, each type of technological change
implies a particular relatior;ahip bet;wéen factor prices and
either‘factor proportions or input-output ratios. -1t is
often easier to fit these economic relationships directly
than to fit the implied pr:oduction functions.

Table 5-1 lists the different types of technical
change classified by Sato and Beckman and the implied

linear or log-linear economic yelationships. By estimating

these economic relationships, the nature of ‘technological
change can be determined by comparing the }it of the
different equations. The coefficient of m.xltiple deter-~
mination (R?) should not be used for ‘this purpose. Since
the r?.ﬂ_d/epﬁmiem: variabies are different in each equation,
the total variance to be- explained will not be the same.
Instead of comparing the proportion of the total variance

which is explained, the mean residual sum of squares should

4
5

be compared directly. '

2

] .
R. Sato and M. Beckmann, "Xggregate Production
o Punctions and Types of Technical Progress: A Statistical
Analysis®, American Economic Review, XLIX, (March, 1969),
PP. 83"101- . ’ . N

’
- 4
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Of cours®, the validityﬁof any results rests dn
the validity of the above assumptions. Results from this
type of analysxs should be regarded as tentative, .Howaver,-
they mxght bé’useful in the initial- specificatiOn of a

production funct;on. One consistency check wculd be thit

"any estlmated production function should imply constant

n

returns to spaxea

4

-
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‘ v _ TABLE 5-1.
ALTERNATIVE TYPES OF TECHNOLOGICAL CHANGE
AND IMPLIED RELATIONSHIPS

Type of Teéhnélogical Change Iﬁglied Relationships

1. Product Augmenting , '
(a) Hicks neutrality | / R= a4+ bx
Y =“A(t) F(K,L) L og R = a+b log x
(b) Labor additive I 5 = a+bk. ' .
Y = A(t)L + F(K,L) . logr =a+b logk
(c) Capital additive w = a + bx '
Y = A(t) K + F(K,L) logw=a+b log x
2. Labor Augmenting '\ a
(a) Harrod neutrality \ r = a+ by
Y = FP(K,A(t) . L) ' . logr=a+b logy
{(b) Labor combining b W= a+ by
Y = P(K,A(t)K+L) logw=a+b logy
3. Gapital Augmenting )
(a) Solow neutrality w=a+bz '
Y = F(A(t) . K,L) logw=a+blogt
(b) Capital combining " r=a+bz
¥ = F(K+A(t)L,L) ' logr=a+b log z
4. Input Decreasing
(a) Labor decreasing 'R= a + by

L = G(K,Y) + C(t)Y; oC(t)/3t <0 logR=a +b logy

. (b)Y Capital decreasing R=a+ bz
\k = H{L,Y) + C(t)¥Y; 3C(t)/3t < 0 logR=a+b log 2
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~
Y = output . Yy = Y/K r = return to capital
K = capital z = ] w = wage rate
. L = labor k = é(/L R=r/w
‘e ki
ot = r/y = relative share 6f capital
8 = 1-®€ =w/z = relative share of labor

»

A(t) = index of technological change.

+

D. Investigating Technological Change with
a Cobb-Douglas Production Function

Cross-sectional data are of little use in studying
technological changes whilch have occurred over time and.
which are readily available to all telephone companies.in
North America (see Chapter II). 1If sufficient time series
data are available,y production functions can be, fitted
for successive time periods. The -change in the estimated
parameters' would indicate the nature of technological
change. In theory, the time peric;ds chosen should
correspond to technological epochs, i.e., periods when

technoloq! was _relatively-constant,—Epochs might be
defined by fitting functions for different time periods

.

and using an F test on the residuals to determine if the
regressions were generated from the same structurs.
However, the starting point for the first epoch remains
somewhat arbitrary. Another alternative is to simply
specify ;:echnological epochs based on a priori information.
When a Cobb-Douglas function is fitted in each
epoch, it is assumed tha‘t':'t‘echnolloqical change dpes not
alter the elasticity of' subatit,\utioi: (the elasticity of

substitfuti.on is always equal to one). - Another \_na.kncu of
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a Cobb-Douglas function is that a change in returns to

scale . ig not represented by a single parameter. When the

estimate of & or 8 changes, both capital intensity and

returns to scale (&« + 8) may be altefed. Thus, it is | |
T possible that an urtambiguous estimaiqf;changgs in these |
+ characteristics canhot be found using a Cobb-Douglas
function. .‘\\ ‘
The main diffiléulty in fitting a production |
function for each epoch is a lack of degrees of freedom.
A second approach is to use dummy variables for each epoch
_and to fit the function over the complete time period.
. Using a Cobb-Douglas function, dummy variables can be
specified as shown by equations 5-4 and 5-5.

C‘ Dcn
‘ L J [ L n

S-4. InY = In Aj+e&klInK +8dn L+ ¢;InD, +c, InD,

Lol
Y=Ak LP D

K“ +cll'>x +‘. « o ¥+ can 8

L )
5-5, lnY = In A, +e€1ln X + ¢;(D; InK) +. . .+ ¢

Y=A,
n
_ (D, InK) +81nL
wvhere D‘ PO Dn are n dumnmy vaxiab‘lkes for technological
epochs. '
 tThe first specification indicates neutral techno-

logical change in the form of a change in efficiency each
epoch. The second specification indicates non-neutral
technological changé in the form of a change in capital
intensity and returns to scale. These equationé can also

be estimated under the restriction that returns to scale

LY
4 -

- *
o M 2,
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are initially equal to one. ‘By using dummy variables,
'technological ‘;:hange is allowed to take place in a fairlf (
general way and fewer degrees of freedom@aralos‘t. \
A ;hird approach involves m‘aking further
simplifying ésqumptions regarding the nature of techno-
llogical change, It is often assumed that only changes in
efficiency occur. The level of technology can be |
represented by proxy vari&hle t. Equation 5-6 illustrates
this type of function (Hicks neutral technical change).
Another alternative is to represent non-neutral tech;ao- y
logical—change ip the form of a change in‘the capital

coeff%cient as shown in equation 5-7.

z iy } A, K™1f et

. S=6. In Y = 1n A, +«1nK + BlnL + At
Y = A, KMt B . |
¥ 5=7.  lnY = 1nAj + e 1nK + BlnL + A(t 1n K)

R. Sato and M.J. Beckmann! have derived the form
of production functions implied.by alternative definitions
of neutral technical’ change. A Cobb-Douglas function can
be modified to yield H»irrod neutral technical change as
'j shown in equation 5-8. \The capital-labor ratio |

Y = A (Pt

5-8. Iny = 1In A, + of\ln K + 81nL +-g)t
v ‘ \ !
1M. Beckmann and R. Sato, ‘"Neutral Inventions and

Production Function®, Review of Economic Studies, XXXv,
o . (January, 1968), pp. 57-87. )




.Solow neutral technical change may be implied. In this

technical change. 1In this case, the capital-labor ratio

124,

hd

is dependent on the marginal product of capital and
technological change simply augments labor,

If technological change‘is capital augmenting,

case, the labor-output ratio is a function of the marginal
product of labor. This type.of technical change is

implied by equation 5-9,1

Y = A (ert k™ L8 /

5. In¥ = 1n A, +eln K + glnL + & At \ r
It is also possible that technological change.simply
adds an extra bonus to output and that this bonus varies
directly with the level of one factor input. E£quation
. §
$=-10 illustrates product augmenting and capital additive

-
¥

is a function of the mafginal productivity labor.
¥ = At x4 a1k
Y/K = A‘e‘t + AK%) 1B

- : 1
Assuming constant returns to scale in the basic Cobb-Douglas

7

function,
5-102  Y/K = "Aert 4 A, (/K8

-

>

Yiicks neutral..ﬁaxrod neutral and Solow neutral
technological change cannot be differentiated empirically
when a modified Cobb-Douglas function is used. Equations
5«6, 5-8 and 5~9 have the same empirical form, but the :
coefficiont of the proxy variable for technoloqxcal
change is interpreted differently.

£
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[ }

An alternative form for this type of production function is

5-11.  Y/K = A + /K + A, (L/K)? )

Product augmex::ting capital additipgy production
functions (equations 5-10 or 5-11) are partic‘{xlarly relevant
for Bell Canada where incorporation of technical c&xange may
have required the addition of capital. Héwever, these
functions must be fifzted with a nonlinear program and the
assumption of constant returns to scale is implicit.

Technological change méy also augment output in
prbportion to the amount of labor used. . This type of
relationship would probab):y not be relevant for technical
change in the telephone' industry. However, such a

func€ion could be estimated using equatfég\s 5-12 or\5-13.

<

Y = A “L + AZK""I.8 g A

Assuming constant returns to’scale in the basic Cobb-

*

Douglas function, S o .-,
s A At S
s-13. wL o= A M 4 A )

One alternative form is

5-13, . (y/L) = a2 o+ a (x/m + A;Wl-l’* :

This section has ‘hown how a Cobb-nouqln pro-\ 7
duction fuﬂction can be used to measure diffarent types of
. tiechxmlogi.cal change. In each of the above lpeciticatiggg,
a "partic\lxlar gyp;e of technological chapge was assumed and
the requiréd modif:.cations in the oi:‘lg‘inalrt':bhb“bpuglu

v
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g ordinary least squares as T,
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_equation ;eere made. It should be noted that thé original
properties which were listed for the Cébb-Douglasifdnétion
do not apply to each of the modified forms. other basic

~product~ion/ functions can also be modified to represent |
altﬁe{na’tiveh types of technological change.

E. Inv;stigating Technological Change :
with a C.E.5. Production Fun'ction ' 2

l.. Fitting a C.E.S. Production Function

Before discussing how a C. E. S. function might .be used -

v

to investigate technological change, I will outline four
estimation' methods which have been proposed when it is agssumed )

that no technological change is occurring.

(a) Method One

}

. The C.E.S. function can be represented in logarithmic

‘ form as -

7 ‘ X - ,
5-14. 189 Y= .logy - v/p log ,[61: P+ 1-8) 1 p] +u - g
vhere u ;:.c_ rahdom error normally distributed and with

zet;)/xpected value.

-1 p and § were: known. this equation could be estimated using

v oo

oA

v .
A

log ¥ = foq Y - v/p log X '+'u

vhere, x = BK'p + (1~§)'p“9]

Asswiting factors are paid their marginal p-roc‘luc'ts, the
oxpanxion path of a C E.S. function can be use:d as h_si‘de |
rclat.!.on to find t{u :valugs of [g\ax?&;é. The expan_éion path \
(is giveh by -t o - -

"

sa5. e JAK.L (@ T

”

. N —QA .o | oo
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) o~ This expansxon path caxi also be written as shown by
+ 0, \ .
o equatlons 5-16 or.5-17. : . '
; % ’ . . -
N

&

5-16. 1n r/w = 'ln.1§?.7 (p+1) ~1n;§ 3 *

- K '8 _yn E
. (p_+1) lij‘\ =, 1ln 1——:3— B in w
L
. ' K _ 1 4 1 r .
\ln’x:,”r:s,i“m e e - *
. s/ o

*

5-17 1n %

- -

‘O'ln-r_-s_-s- - O'lné

»

In the short:-run,~ the input ratio may- not be
J.nstantaneously adjl\sted after a change in the factor

price ratio. In.this case, the_input. ratio may be a

L

function of some laggeg/ﬂéstnbutlon of the input price
1

. 'ﬁ. . ' ratxo. If a Koyc@laq ig assumed, the ahort-run ) T

' expansion path of° equation 5-16 is .

; ‘ " ry l L K AT
5-18. Inf{ = = (1-2) 1in =7 ~ (P+1) (1-1) lnr +Aln =3
Similarly, the short-run adjustment path of equation 5-17

‘ * A

.
I3 N . A -
- is \ , i
D . \
. & ‘ .
»' A

KX . 0 e ity 8§ _ ITTIE - . K
i ] 5-19, Ln({y ‘*‘ g (1l-x) , In VT g(l A)ln ﬁ-* + lln(r)-l
= , N - N

(b)) Method Two | - -
4 A seco‘hd method éf fittinq Lthﬁ C. q s. funcéion

r‘ u"

- o involves nonlinear estimation. t:echniques, Most nonlinear i

o algorithms take either of two ganeral approachen. . _ ‘

N ’ »

- e, . - -\ T
2, ) ¥ . a L4 - . ot . "
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*This process is repeated until successive iterations ’

g ..‘ . ”\

< In the Gauss-Newton approach, 2 Taylor series
» '
éXpansion of the function is taken around some initial

estimates for the panaméters. The calculated value of
output (y) igJa/fG;Etion of the correction vector e

. ‘ S y
, [(*-Yo)v— (5"60)' (P'PQ). (%"5‘2‘)]

Elements of the correction vegtor can be estimated

iY

80 as to minimize the sum of sduares. A new starting

point is implied by the éstimated correction vector. .

n
Min2z = X (Y -Y)2

i=] - P ]

satisfy séme convergence criteria. The Newton method
converges rapidly when the Taylor series expan31on
represents a good apgfoximation to the function and the’
function approximateﬂfha%@3§e desired second order

~ e
0

properties. ’ e

-

= By . Ty

In the Gradient approach, the correction vector

q 3 »
is taken to be the direction of steepest descent.

sg = -[22 22 2wz |
9 Iv,’ 38, Ip,’ W ~

Convergence ‘is often rapid during the first few iterations "

Ld

but usﬁally slows down in later iterﬁt{ons.

. There are many different algorithms available
based on thé above general approach. The program’used in

this study is based on an algorithm developed by Donald W.

v -3 » -
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Marquardt! which interpolates between the Newton and
Gradient approaches. Any nonlinear algorithm can fail if
the function is not concave over the entire region. WIn

/ addition, elongated ridges or\relatively flat regions can
‘be a problem. There is no guarantee that any optimum
solution is global rather than local. In generil, any
noqlinear estimate should be checked agaipst‘results
derived with other nonlinear algorithms or regression

techniques.
- ‘ a
(c}) Method Three ’

A third method which has been proposed by Kmenta
to fit a Taylor series expansion of the C.E.S. function

(axo P gqual to zero). This .approximation is given by

- 5=20, InY = lInYy +vinL = (v-1)(1-¢8) 1ln % -~

xp(v=-1)4§ (1-6) én %91 R(p)

{

'where R(pi-is the remaindef and is a function of p. 1In
‘ the case where p is equal to zero, this expansion is
equivalent to a Cobb-Douq}as\function.
 ‘There are twé problems with this technique. The
coefficient éf\the last term {8 expected to be very.small
and, as a result, it is difficult to get a reliable
- estimate for p. In any case, it has been shown.that this

particular expansion is a better approximation to a V.E.S.

.

4

lponald W. Marquardt, "An Algptitﬁm for Least-
Squares Estimation of Nonlinear Parameters", SIAM Journal,
X1i, (June, 1963), pp. 431-441.
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function than to the C.E.S. function.! As a result, this
method should not be used to fit a C.E.S. production
function,

(d) Method Four

¢

A search procedure, has also been proposed as an

alternative to the nonlinear procedure. The logarithmic

t

expansion of the C.E.S. function is

R

521, 1lnY¥Y = Ilny - v/p 1n [‘sx“’ + (1-8) L‘P]

- Iny-vpinX
If the marginal proéﬁéts of capital and labor are to be
positive, it iaqnecessaty that 0 ¢ 6§ ¢ 1. 1In addition,
if the implied glasticity of substitution is to be
reasonable, p should fall in the range -.5 tolz.d. The
ptycedure is simply to run several ordinary least-géuare
reqiessions with different values for p and § used to
J o ‘cgtimate 2. The regression with the highest coefficient
of multiple determination is ¢chosen. Monte Carlo studies

by Vittorio Corbo suggest that.this method results in

faifly small biases in small samples and that the mean

! ' .- square errors are also very small.? -

i |
! . / '
o jJ lyittorio Corbo, "More on the Use of Kmenta's

; , approximation", Mimeographed, International Institute of
Quantitative Economics, Montreal, {(March, 1974).

o m - a

. Zyittorio Corbo, "An Iterative Procedure to
, Calculate Least Squares Estimates for C.E.S. Function:
-1 ' ' Some Small Sample Properties®™, Mimeographed, International

- . Institute of Quantitative Economics, Montreal, (March, 1974).

¥ . \ . . -
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2. Incorporating Technological Change

An investigation of technological change can be
performed with a C.E.S. function as well as a«Cébb—Douqlas
function. The nature of technological change can be
determined by isolating different technological epochs,
fitting ; C.E.S. function in each epoch and comparing the
parameter estimates. The use of a C.E.S. function pro-
vides a more general approach than the use of a Cobb-
Doqglas, because change; in the elasticity of substitution
can be determined. 'Howeﬁer, the price of this generality
is the difficulty encountéfedjin estimation.
- It is very unlikely that a C.E.S. function could
be fitted t6 Bell Canada data for different subperiods -
only twenty years of data are available. Thus, it is
necegsary to modify the basic C.E.S. function to allow for
the incorporation of technological change directly into
the production function. If a time trend were introduced,

allowance would be made for a change ih efficiency, (a

form of neutral technical change). Once again,
Y = yeelt Bx"’ + (1-8) 1P| "V/P o
5-22. InYy = 1n Ymt - v/p 1n ? + u
‘where 2 = [3!(_; + (l:rg) L"s ]
%hr;e methods of estimation are poisible (use of a side

relation, use of a search procedure and use of nohlinear

least squares). ) o ' \
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As indicated in Chapter II,‘Bell Canada may have

experienced non-neutral technological change. One

y 7

-+

possibility is to assume non-neutral factor augmenting - -
technical change. P.A. Diamond and D. McFadden have
demonstrated that it is .not always possible to identify
the riate of biased factor augmenting technological change
\
and the elasticity of substitution. They state that
« « . given the time series of all market
phenomena for a single economy which has a
neoclassical production function, these same
time series could have been generated by an
alternate function having an arbitrary

elasticity or arbitrary bias at the observed
points,!

Marc Nerlove has shogn that this impossibility theorem
must be modified slightly and that the assumption of
. W . exponential factof—augmentinq change is sufficient |
"for identification™.? Other types of non-neutral change
which are not'factor augmenting can also be assumed.
Unfortunately, a tradeoff exisé%gbetween the
~ reliability of estimates and the complexity of the
equation being estimated. With only twenty years of data,
it was impossible to reliably estimate C.E.S. functions
incorporating non-neutral technological change. For
oiﬁilar teaaons; it'was not possible to estimate Variable

Elasticity of Substitution (v.h.s.) production functions

l1p,A. Diamond and D. McFadden, "Identification of -
the Elasticity of Substitution and the Bias of Technical
Change: An Impossibility Theorem”, unpublished, 1965, p. 1.

-

'~ 2Marc Nerlove, "Recent Empirical Studies of the C.E.S.

and Related Production Functions®, in The Theory and Empirical 3
Analysis of Production, pp. 55-122, Edited by M. Brown, (New |
York: National Bureau of Economic Research, 1967).
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with or without the assumed presence of technological
change.

F. Investigating Technical Change with
Nonhomogeneous Prouuction runctions

A homogeneous production function takes the general
form J

£ kL) = 2V £ (x,L)
where A is any real constant and v is the degree of homo-
geneity. Several of the modified Cobb-Douglas functions
which have already been suggested are in fact nonhomogeqeoujw'
functions. Two other types of nonhomogeneous functions
will be outlined in this section. These functions were
prgposed‘by H.D. Vinod.!

The production function shown in equation 5-23 is -
nonhomogeneous in capital and labor. The equation may be
fitted in linear form.! Using Bell Canada data, this
procedu;e is not entirely satisfactory because of multf-

collineérity between the independent variables 1ln K, 1ln L

Y = A Ka+c In L Lb

5-23, InY = lnA+alnK+blnL+clinkKIlnlL

. L 4
and 1n K 1ln L. If the parameter ¢ turns out to be
insignificant, the function simplifies to a standard
Cobb-Douglas function. Although this function is difficult

, to f£it, ‘it does have several desirable properties.

IH.p. Vinod, 'Nonhomogeﬁeous Production.Functions and

"‘Applications to Telecommunications®, The Bell Journal of

Economics and Management Science, III,(Autumn, 1972), pp. 531-
543, ~
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g .
The value of the marginal productivity of capital
and labor (shown by eguations 5-24 and 5-25) will depend

on the units chosen for capital and labor. By computing

5-24. Mp, = i-(encxn:.)'

Y

4

the elasticity of output with respect to capital (EK) and
labor (EL), comparisons can be made with regard to the
units of measurement. The elasticity substitution is

a function of EK' E& and c.

- - nYy '
$~26. Ex ST R a+clnlL

5-27. E = %-}E.‘-}".J b+c inK

n
w"+8
28, 6 . gl
KL c

Both the Cobb-Douglas function and the C.E.S.
function had a straight line expansion path. However, the
expansion path impliéh by a nonhomogeneous function will'’
not be a straight line. . The scale elasticity (Eg+Ep) is
a localized concept which cofresponds to returns to scale .
over a small interval where the expansion path is
approximately lin;;r;

One modification of H. Vinod's production function
would be to introduce technofogical change explicitly into

the analysis. Equation 5-29 illustrates this specification.
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atclnl Lb ext

Y = AK
5-29. In Y = 1ln A + alnkK +'b1nL + clnKnL + At
This would explicitly allow foi neutral and non-neutral
technical change, but estimation of the parameters of
equation 5-29 with Bell Canada data is difficult because

of multicollinearity between the four independent variables.|

|

\

An alternative nonhomogeneous function proposed by !
H. Vinod is ' o

\ .Y = A K2 Lb ec/KL

5-30. InY = 1n A + alnK + blnL + ¢/KL -
The properties of this funétion have also been derived.
Once again, iechnological change could be specified
explicitly in the production fhnction, but multicollinearity
makes estimation difficult.

vy = AK® Lb ec/KL et

5-31. InY = lnA+alnK+blnkL+c/KL + )t

G. Input Requirement Approach .

An input requirement model offers at least two
main adyantages over acproduction function model. First,
it may be used to incorpotate changes in the level of ’ \
input utilization., This is accomplighed by assuming an

| adjustment process whereby the desired levef of each input
is approached over time. As the measured level of input
falls short of the desired o;{ictual amount of input .
-

required to produce a given output, the implication is

that utilization levels have increased. Secondly, it may

A

- - L
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be easier to incorporate disaggregate data into an input

requirement model than a production function model.

The easiest way to derive a function with an -
input as the dependent variable is to simply transform the
production function. Employﬁent functions are often fitted
in this way., For example, assuming a Cobb-Douglas pro-

' dyction function.with Hicks ﬁeutrai technical change and
a prgportiokal adjustment process, the requirement for
labor is derived below.

Y, = A x:‘(L;)B e}t p
By trangformino the production‘function’

- - - B -
"t - AL/B Xg /B Yt/g e AEt/B

where L' is desired labor input

?

* 1 - 1 _ A
lnLt = -glnaA “/Blnxt-bElnYt‘ 5 E

Now if,
t-1 Tt
then . )
; mL. = vir_ "+ (o) Inp S \ ]
and

5-32.- in Ltl - - % in A - -% in K + g in Y - l% Et +

(1-Y) 1ln Lt ~1

This approach assumes that the -level of capital, output
N and technology is given and that the labor input is simply

a function of the technical relationships (the prodﬁction

-
«

. 4 .
. . ':n‘ . ? Bl 'Y ) , i N -
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-1

function) and the adjustment process ker labor inpugs.

E. Kuh! fitted employment funcé&ons of this type

. in 1965. He made the additional assumption that no

technical change was occurring. The problem with éhis
approach is tﬁat the elasticity of l;bot with respect to
output is often less than unity even in thg long -run,

This would‘iaﬁly that the elasticity of output with respec;
to labour is greater than one.? Althouqh‘return§ to all
inputs might be greater.than one with a neoclassical
production function, if diminishing returns exists for
each input the eiasticity of output with respect to ;
particular input must eventually be less than unity as
increments are 'added to that input.

L]

N. J. Yreland and D.J. Smyth? have proposed an

f alternative interpretation of the output coefficient,

Ihef point ocut that the above interpretation asswnes a

-

1E. Kuh, "Cyclical and Secular Labor Productivity
in the United States", Review of Economics and Statistics,
XLVII, (February, 1965)7 pp. L1-12.,7¥

2g ) A S N |
Ly T ¥ 'L " WL T E
L Y -
: !

then EY/L > 1

3N.J. Ireland and D.J, Smyth, “The Specification
of Short~Run-Employment Models”, Review of Economic
Studies, XXXVII, (April, 1970), pp. 28-85.
@

. ’
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constant capital utilization rate and that the implied

increasing returns to labor is actually biased upward by

a ‘simultaneous increase in capital utilization. An
~

.alternative interpretatjon can be_mahe by specifying the

utilization rates for both capital and labor in a C.E.S.
production function, by assuming a proportional adjustmeﬁt
hypothesis and by. assuming that the expansioﬁ path of the
production function is linear in the short-run. In this, A
case, the derived short-run employment function is shown

by equation 5-33. There is no difficulty encountered in

interpreting an estimated output coefficient which is

less than unity since it does not imply incréasing returns

to lahoi alone.

5-33. ‘ﬂin Lt = a, +a in Qg + a

4

83+ a inlL

) 2 t-1

a

vwhere

.
v

a =

A = ehe propo:;ion§1 deustment cqefficiept

v - xeturﬁs ;o scale parameter.

Short—ru? employment functions have been exﬁended
in many ways since Kuh's estimates. Excess labour demand
models! have been used by R.C. Fair. In this approach,

an attémpt is made to measure the underutilization of

labor directly and to include this variable in the

-

IR.C. Fair, The Short~Run Demand Function for
Workers and Hours, (Amsterdam: North Holland Publishing
Company, 1969).
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’ S ‘
employment function. P. Dhrymes! has used a model based
on a C.E.S. pro@uction function with constant,xetqrns to
scale,}the‘marginai condition for labor under cosﬁ
minimization, a proportional adjustment mechdnism‘for
labor input:,i 5p;cified relationship between actual output
and wages and théir'éxpected values and a type of embodied
technological change. Finally, A. Tinsley? has developed
short—run employment equations using control theory.

‘ -Each of the above modeyg is developed from . a
partial analysi#s of the labor input alone. A partial
analysis of capital inputs assuming instantaneous adjustment’
of the labor input is also possible. At this point, I
will not' attempt to survey the extensive liler;turq
regarding investment fﬁﬁctions. Since both employment
and investment functions are based on a partial eéuili~
brium analysis, neither approach was used in this study.

M. Nerlove? has developed an input requirement

model in which derived demand equations are developed for

4

1p. Dhrymes, "A Model of Short-Run Labor Adjustment”,
in The Brookings Model: Some Further Results, pp. 110-150,
Edited by J.S. Duesenberry, (Chlcaqo- Rand McNally and
Company, 1965).

2A. Tinsgley, "A Variable Adjustment Model ot
Labor Demand”, International Economic Review, XII,
(October, 1971), pp. 482-510.

3M Nerlove, "Notes on the Production and Derived
Demand Equations Included in Macro-Economic Models*,
International Economic Review, VIIX, (Juna, 1967),
Pp. 232-4Z.
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all inputs simultaneously. He assumes cost miﬁimizing
bchavigur and a proportional adjustmentsprdcess for each
input which is indeperident of the adjustment of other
inputs. This is the approach used in this study. M.I.
.Nadiri and s. Ro:?enl have also developed an inéut require—'
. ments model, They specify éapital and labor utilization
i;riables explicitly in the production function. However,
utilization data are not‘;vailable for Bell Canada. fhei.
Nadiri-Rosen model also ;ssumes that the adjustﬁent of
each input to the desiréd level is interrelated wigh the
adjustment of all the other input;. The implication is
that the lqgggd value of each input variable is present
in every }nput requirement equation. Unfortunately, the
‘Aﬂadiri-ﬁosen interrelated factor demand model could not
’ ‘c reliably estimated with Bell Canada time seéries data ‘
because of the multicollinearity biépeep‘the input
variables and because utilization data yere,ﬁqg available..

Input requirement equations derived from a i
Cobb-Douglas ptoduct;oh fpnction w&tﬁfexponenfial techni-
cil change a;g,deveioped below. There should be little
loss of generality in assuﬁing this Lyée of production
function since it can be interpreted in terms of Hicks,

Harrod and Q?iowugeutxality. S

~

IM.1. Nadiri and S. Rosen, "Interrelated Factor
Demand Functions”, American Economic Review, LIX,
(September, 1969), pp. 457-71 and !1,T. Nadiri and S. Rosen,
"A"Disequilibrium Model of Demand for Factors of S
Production”, American Economic Review, IXIV, (May, 1964),
PP. 264-270. . . .
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' Pollowing M. Nerlave (1967), it is assumed that the
aggregate production function has no error term when
~ capital ana labor'inpqts are stated in terms of tixe input -

Tkt ha
I TP t\ﬂ

actually utilized (ltib = 0). Providing that the error terms
d

EI.. t%d E!c,t .are‘normally distriblited and ‘are not &

B

contemporanecusly corrélated with the independent variables,

ordinary least squares can be used to obtain consistent
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/
parameter estimates. ' Hc;wever, these estimates will not bg
the most eff‘icient; since they do not take account of |
structural restrictions on the coefficients.
The aﬁggrégate input requirements equations to be
ﬁtmated ;re shown by equations 5-33" and 5-34 (A, and Ay

are constant terms ).

. a{* T'e N a A
5-33. lnLt kAL+—-‘;—1n‘7€+—-‘;1nYt—TEt+ v Y

--(r‘ —)
aL) lnLt-l +£th \ R o ¢
N - 4 -
r a, a ’
a t K K
- = - K —— e S mmrm——
5-3. Ik, =2 -~ K 1n Gt IRyt By
» .

+

If constant returns to scale (v = 1) are aisumed, equations

e “

5-33 and 5-34 can be expressed as N
-35. i1n — = + n-— <+ a, in -
Loy Au+ a® wol, L L .
) a
o
v Eg *EL,t

If the rate of exponential technolofical change is known

) (ij—%) . equations 5-33 an& 5-~34 can be expressed aﬁ .
&

L .
: a0t Ty a, gL
5-37. 1lnL, = A+ 1n;€ + == (ln Y, - A.B) + '
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r

© el .’ L 8 t ag (ln Y, - A,E.) +
j 5-38. In K, = M- agg n o ¢ = Lo Tt
) (1= ag) 1n K., "'E!(,t

b
If the rate of exponential technological change is known

(A = x ) and constant returns to scale are assumed,

\quationa 5~-33 and 5-34 can be expressed as -

Lt r,  in o
5-39', 3. i:-l = AL + ap o¢ 1n ;-,-t-:- + °L (ln ¢ "oEt"‘-
in Leoy) "'EL,t *
X, , . r, -
5—4(:. ln R:-'x = Ay ~ agf 1In ‘-;t-:- + ay (In Y - XE, - |

In K _,) +&x.¢

Disaggregate labor requirements functions can also
-be derived assuming the sane type of production function
) ~ and a proportional adjustment process for each input. The |
) general form of the disaggregate input requirement for

input j§ in period t (xj't) is shown by equation\S-dl.

a. a. '
s-41., 1ln X ‘ - - il Pist + -
, . it - Cj v i,? ‘ n PL . v In Yt
a a -
—%—-Et«&(l-a)lux + &

‘ This aquation cannot be used for estimation because
I

:
|
4
|
jot-l jet 1
thcrc is too much multicollinearity betwaen the n relative 1

price variables. However, in Chapterslv it vas assumed

that Ball Canada faces the same Qppordunity cost for all

-...r-n.':}‘ -

-~

typda of capital employed. AI&?} examination of the price

1 . RS
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variables developed for disaggregate labor inpugs reveals
that they are very highly correlated over time. I will
make the additional assumption that the relative price of
different types of labor is constant.! These two
assumptions permit equation 5-41 to be simplified further.

For the m capital inputs assume P

P B . e e =

,t T fa2,t

Phe = Ty vhere r, is the user cost of aggregate capital
, :
‘-

;\
input.
-

For the n-m labor inputs assume Cnt1 pmﬂ,t

C P .=...=CnP where C

m+2 “mé2 ,t - n,t
cn are n-m constants and w

w

t’ mey? c o

¢ .8 the unit cost of aggregate

labor input.
If j<m (acapital input), then the set of relative

price terms can be simplified as

a n I P.
- J & & 1n p—-L-J t
Vi oj=y i,t
a. m r n r
i=]l t i=m+l !‘-—w
‘ . Ci t
a r n
- din -t F o€ .2 £ o 1nc
VT W g 1 V {emt1 1 i
a n r
.- 3 2. < In -£ + b, where b, is a constant.
V lisgn 1 we J J

Substituting in equation 5-41, the capital input require-

ments equation is : ,

INote that the relative price of capital and labor
inputs can still vary over timae.

t
I
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r .
- _ t .3
S5-42. X, o= —i( Z o< Jin =+ 4 1n ¥

i=m+l t t w
a;l o .
4 -
- Bet Qs X, o +E&, ¢

* where A, is a constant and j < m.

3
If j > m (a labor input), then the set of relative price

terms can be simplified as ‘

R}

- -
a P )
: i=]l i,t .
i z. Ve
mn P.
- - p " 1n —%-‘-—-'P £ ‘(i 1n ]
i= t o d=mtl dw
| . ' it
a
-~-—%~ A{Kilna———**zq:oc 1n5—'
j=] iTt i.=m+1 J
(2 2 y
- - -2 ot 1n £, o, ln -+ zo! 1n
v (1-1 17w P i 25
a r -
- ¢ -—3 i in FE + bj. where bj is a constant.
iel t : q

Substituting in equation 5-41, &he labor input requirements

eqdation is.

) R ay /. oc r, aj
5"‘2.' lnxj't- j'}—i E]_, i ln ‘—'-t-'ﬁ'«-;’-lnYt'—-‘;—Bt +‘

(1 - aj)ln xj,t"l +£

J.t -
vhere Aj is a constant and 3 > m. |

Finally, if constant returns or A‘p‘redeter;;x;\i,ned value 4‘
for the technc;logy eéefticieng is assumed, equations 5-12 and
5-13 may be s =lified as in the case of aggregate ‘input
requirement ¢ .ations.

A
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H. Summary //‘
Thenfo?%fmajor characteristics of any technology are
(a) efficiency '
(b) technologically determined economics of scale
(c) capital intensity
(d) 'elasticity of substitution.
Technological change affecting the first two items is
usually classified as neutral, while technological change
)
affecting the last two items is classified as non-neutral.l
An aggregate production function defines the set
of technologically efficient input and output combinations,
A brief survey of alternative types of production functions

has been made. The properties of each function implies a

given type of technology. As outlined, problems of
estimation are a crucialvfaétor in-determining which
func@ion should be used. If it is impossible to estimate
the érodﬁction functionéfor different subperiods,

) technologiégl change must be incorporated directly inic

" . the functional specification. This necessitates further

PR

simplifying assumptions.

If a satisfactory aggregate productign function
could be estimated, it would be pogsible to test the
Averich-Johnson hypothesis. Over-capitalization would be

indicated if the actual capital-labor ratio was greater

IThis is a general definition of neutral and
- non-neutral technical change. outlined in Section C,
several alternative definitions 6f neutrality have been
listed by Sato and Beckmann.




an the optimum ratio (given the level of output and

r&lative factor prices). 1In addition, the expected level
of meas red total factor productivity gains.could be
calculated for expected output levels, It would still be
necessary %{o investigate the cyclical behdviour of total
factor productivity. However, the estimation of a pro-
duction functiom would be the first step toward the speci-

fication of a reaso le productivity goal for an automatic

rate adjustment clause., Whe

should be compared with those derived using disaggregate
models. ‘

An input requirements model can be developed
under the assumption of cost minimization given the
‘production function and the mechanism by which input levels
are adjusted to desired levels. Theoretically, this type '
of model can be used to explain bqth the long-term trend
and the cyclical pattern of productivity. As illustrated,
fhe model can be disaggregated ?ithout the intf;ductian of -
additional explanatory variables in each equation.

Empirical estimates 6f production function and

input requirements models are shown in the next chapter,

~—
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Chapter VI

»

PRODUCTION MODELS FOR BELL CANADA -~ ~
EMPIRICAL RESULTS

3

A. Location of Aggregate Data’
Series and Notation Used

Since no aggregate utilization index is'available,
it was necessary to specify production models in terms of
the capital stock rather than the actual input of capital

services, In this study, the current dollar value of

undepreciated investment‘ in average total telephone plant
was' chosen as‘the best measure of the capital stock. All
production functions.stated in terms of this net capital
stock_serieg were estimated using a net oquué data series.
As a result, the residual of the production function is

° consistent with net total factor productivity measures
thch are calculated using net output and net capital
stoéﬁ data. ! froduction functions were also estimated
using gross output minus plant retirements and gross
capital stock data. For these estimated equations, the

residual is consistent with a gross total factor

: lalternatively, the production function could have
been specified in terms of gross output as a function of
net capital stock and labor inputs. To use this type of
production function in forecasting net or gross total
factot productivity, it would also be necessary to fore-
cast the level of depreciation expense and accumulated
depreciation reserves in’ each year.

“ ‘ ' ' 149.
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productivi ty méasure. Since similar results were
obtained in every case, only the results obtained using
net output and net capital stock data are presented,

Tables showing all data series are contained in
Appendix A and a detailed description and disgussion ofA
the data is i:ntained in Chapter IV. Annual daéé are
available for the period 1952 to 1972. All input and
output values are stated in ﬁillions. Real values are
stated in terms of constant 1967 dollars. v

The calculated value of gross output minus plant
.xetirementa is shown in column three of Table A-13 and the
net output series in column three of Table A-15., Labor
input is measured %n terms of weighted manhours actually
worked exclu&ing manhours charged to construction expense,
_Aggregate gnd disaggregate series are found in Table A-17,
The average gross capital stock series is shown in
column three of Table A~18 and the average net capital
stock series in cSlumn three of Table A-19. Table A-22
shows the real price of aggregate and disaggrégate labor
inputs. Six different versions of the real user cost of
capital are shown in &able‘a-zs. Finglly, altérnative
proxy variables for téchnological change are shown in
Table A-26. |

The notation illustrated below will be used

throughout the rest of this study. | “

-
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YN - net output

YG -~ gross output minus plant retirements v

KN - aggregate net capital stock

KG - aggregate gross capital ‘stock

L =~ aggregate labor, input in weighted manhours |
Li' - ith labor “input in weighted manhours

. ) wtw' - real wage rate of aggregate labor input

w; - real wage rate of ith labor input

ry - real user cost of aggregate cgpital (version i)
,D - percentage of calls direct distance dialed

E -~ percentage of total telephones conneéted to

Electronic Switching System on Number Five .
Crossbar offices .

T =~ time trend where 1952 = 1, ., . ,, 1972 = 21
x.Y

variable X multiplied by variable Y

In X

natural logarithm of variable X \ “

* =~ t, F or Durban Watson Statistic is
significant at 5 per cent significance level.

. B, Investxgation of Technological Change
Using Implied Relationships

R. Sato and M.J. Beckmann! have examined the
relationship implied by various types of disembodied 4
/Aechnical change. In addition to the traditional concepts
\oﬁfﬁicks, Harrod and Solow neutrqlity,qseveral alternative

tfbes are classified. Assuming constant returns to scale,

}
IR, sato and M.J. Beckmann, “Aggregate Production
Functions and Types of Technical Progress: A Statistical
Analysis”, American Economic Revigw, XLIX, (March, 1969),
pp. 88-101.
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exOQenousledetermine& factor and output prices and profit

maximizing behaviour, it is possible to test the hypothesis

that technolagical change is of a particulis type by
’examininé the relative performance of the implied
relationships shown in Table 5-1. For example, if
technological change is Hicks neutral and thé assumptions
mentioned above are valid, the labor-capital ratio is'by
definition uniquely related to the factor price ratio.
Either of these variables could be explained as some
function of the other variable if technological change
were in fact Hicks neutral.

Table g;l shows the average absolute pétcentage
error! and the Durban Watson stitistic obtained when
each implied relationship was estimated usihq net output
and net capital stock data over the period 1952 to 1972,
Positive autocorrelation is present in every case.

The equations were re-estimatad‘using the Hildreth-Lu
procedure and the results are shown in Table 6-2. Results
obtained using gross output minus retirements and gfbﬁs

\ capital stock data were vely similar.

\ lsince the dependent variable id not the same in
every equation, the variance to be explained is. not the

same. Comparing the fit of the different equations

using the coefficient of multiple «determination (the
proportion of the total variance which is explained) is
migleading in this case. We actually want to compare 8
the residuals of each equation directly. For this

purpose, the residual sum of squares, the mean square

krror, the root mean square error or the average absolute
percentage error can be used. , ‘

|
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The results given<g;;e are based.on a simple

logarithmic form of the fungtions shown'in Table 5-1.
It was found that neither reversing the direction of
causality nor iﬁiroducing A laggeé adjustment process
siqnific&nt%& alteréd the relative performang;~q£ the
dlfferenh?types of techgolcglcal change tested. AsS any +
" results 1n this section are condltional upon the ‘
assumptions mentioned above, a more detailed investigation

" of the functional specifications was not made.

1

One observation which™ can be drawn from Table
1,

6~ 2‘1s tﬂp; the choice of the user cost of capital

-

series does effect the size of rqg;duals. For most
types of technolégical chfinge, better fits are dbtained

with versions 5 or 6. Thesé versions assume
4 ! \ M ~&

3 ,{‘ - ’

“(a) that the ert—equity ratio is optimal,

(b) that the opportunity cost of equity capital .
o ? ' " R

can be measured by the .average rate of
return to 56 qutéﬂ Stftes telephone
companies, and
- (c) th;t the opportumity COst of/debt can be
‘ measured by the margin#l cost of debt“to‘
Bell Canida (version' 5) or by the embedded

~ cost of debt to Bell Caﬂédamiversion 6).
. L

1
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s With data Dased on version 5 of the user

technological change i terms of the average absolute

b

3

percentage error is as followss - : ’
3 , . ?
(a) Capital Degpgasing 1.79
" (b) Hicks Neutral® 1.98
(&) * Solow Neutral g . 2,23
%d) capital Combining 2.34
((e) Labor Decreasing 2.43
(£) - Labor Additive Y 2.44
‘{g)  Capital Additive - 3.49
(h) Harrod Neutral. 3.63 "
(i) Labor Combining .12

This ranking indicates two general-conclusions.
Pitst,'given the assumptions made by Sato and Beckmann, -~
Hicks neutral teghnological change gives as good an u

. approximation to reality as other non-neutral forms.

Secondly, non-neutral forms where. the rate of
\ 3
tcchnolgg;cal change is in some way related to the use
of capital (Capital Deéreasing, Capital Combining or
4
804ov’§£utral) give better results than non-neutral "

forms where technological change‘is related 'to the use
of labor. v |

"

/

<~
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Although these conclusio;s are dependent on the
: validity of the Sato-Beckmann assumptions, fhey do 5
point out that the éossibility“of neutral technological
'"change'éxists. Perhaps the major technological inno-
- vations related to capital which were described in
Chapter II are simply moré noéiceable than thoge related
\ to labor. The increase in the observed capital-labgr
J ratio may énly be the result of changing factor prices. Ty
In any case, production functions implying bothvﬂiéks
neutral and non-neutral technological change should be
specified.

C. Empirical Estimates of Cobb- <
Douglas Production Functions

1. Equations Estimated without an
Explicit Specification of -
. Technological Change -

In each estimation, a random 'normally distributed variable

' o

with zero expected vhlue is assumed. The first tﬁncﬁibn
estimated was a simple Cobb-poudlﬁs produé%don function with no

techinological change specified, Results are shown by equation 6-1.

6-1. .ln¥N = =~=.53 - .341lnlL +  1.01 ln KN
(-.29) (.59) (12.41)

k3

*sibnifi ant -at 5'per cent aignificance lqv;l. , y

. ' —
R }

- ’ A
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R? = .9429 -
W = L13%

d.f. = 18

F = 166.25% -

Estimation Method

0.L.S.

Equation 6-1 should be rejected on the grounds
th;t the marginal product of labor is negative for all
positive vaiues of output and labor input. The equation
is also unacceptable on\otherlgrounds. Point eséihates
show decreasing\retu;ns to scale (;.34 + 1.011= 7).

However,  the returns to scale are not significantly

different from one. . This is mainly a resulﬁjof the large

‘confidence interval on the labor coefficient. As’

indicated by the low t stgtisﬁié; the labor coefficient
is insignificant; -

The goor performancé of a simple Cobb-Douglas ,
function is not surprising. Our preliminary investigation
has revealed the im%grtance of technological change and,
in the above estimati?n, the implicit assumption is that
no téchnplogieal'change has occurred, in view of this
misspecification, posigive autocorrelation is to be
expoctgdl Even wben equation 6-1 is re-estim;ted using the
Hildréth-Lu érdﬁedure to adjust for first ord?r auto-
correlation, the estimated labor coefficient is'still

S
negative. Similar results were obtained using gross output

. and ‘gross capital stock data.

A . ~ | i
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Some useful information can be ?btaineé by analysing
the residuals of equation 6-1. They are positive until 1957,
negative from 1958 to 1966 and positive after 1966. This
would indicate that two major shifts may hf/g,taken place in
the productlon functlon. Theoretically, gé/trxoduction

function should be fitted for each technofogical epoch. 1In

this way, any change in the charagferisties of production

can be picked up. On the basis 0 resxdual analysis, the

periods 1952 to 1957, 1958 t% 1966 and 1967 to 1972 were :

\ . chosen. Empirical estimates are “shown by equations 6-~2

to 6-4.
6-2. lm¥YN = .31 - ,281lnL + .86 ln KN
(1.03) (-.85) (5.70) * '
RZ = .9976
’ DA = 1.65!
d.f. = 3

o . r (a2 1060.19¢

| Period - 1952 to 1957 -
i T A

' .~ 6-3. In¥N = 6.40 + 1.0lInL + 1.02 ln Ky

(-6.68)¢  (4.60)% (28.28)*
‘ A B2 . i
: oW -
o ‘ d.f. =
N | ' . 400.17+ _
. ’//

Estimation Method - 0.L. 8. .
“Period 1958 to 1966

lTable not available for this number of degrees of fresdonm.

.
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4

.44 lInL + 1.56 1n KN

-4
L)
>

.
[
=
g
=
]
t
-3
0
h
+

;o (-3.4m)0 (.50) (7.90) *
/ R? - .9842
DW - 2.74!}

d.f. = 3

F = 156.65*

Estimation Method 0.L.S.

Period 1967 to 1972.

This approach has reduced positive autocorrelation :
and good fits are obtained in each case. In equations '
fitted using net output a;h net capital stock‘data, the
elasticity of output with respect to capital input is
increasing over time. Total returns to scale also
appear to‘havn.increased since 1958. This is consistent
with the description of technological change qiven
in Chapter II. Howet?r. not much confidence can be |

placed in these conclusions because of the insiéhificané ’

it

labor coefficients obtained for the periods 1952 to iigi"""
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and 1967 to 1972. Moreover, the implied marginal product of
labor is negative in the first.pQQin. Based on these results,
it is concluded that the unrestricted Cobb—bouglas function
could not be reliably estimated for each epoch.

When aﬁalyzing the results of equation 6~1, the
assumption of constant returhs to scale could nét be
rejected. As explained in-Chapter V, it ié posgible to
specify the Cobb-Douglas function ko implicitly make this
assumption. When the constant returns Cébb-Douglas
func£ion was fitted over the entire period positive auto-

correlation was still a problem. Once again, three

- subperiods were chosen on the basis of residual analysis
and the estimated production functions for each period are

~ (
shown by equations 6-5, 6-6 and 6-7,

~—

6-5. In YN/L‘ = =37 ¢ _+50 1ln *N/L

(-3.14)* (11.78)* ° -

R2 = 9650 Q
DW - i.es'
d.f. = 4 ,
F = 138.67*

- Eétimation-Method = 0.L.§.

: Period - 1952 to 1957

e

\

& 1Tables not available for this number of degraél of freedom.

o — L e v e e e e ﬂ*“"’ﬁf;"—’ 5 . ;,&q il Ladeous - DA I o S RIS .




. 6=7.7 in YN/L. = -4,81 + 1.78 1n KN/L~

-1.96 + 1.00 1In KN/L

(-7.96)* (14.14)*

n
~
R

,9613
oW = 76!

d.f, = 7 e
F = 199,87% |

0.L.S.

Estimation Method

Periqd

\

1958 to 1966

(-9.56)* . (13.90)*

R2 = ., ,9746 . .
bw. = 2,84}

a.f. = 4

P

193,23
Estimation Method - 0.L.S.
1967 to 1972.

]

. Period

In the last two subperiods, the implied marginal
productivity of labor is not positive. Th%p cang serious
doubt on the validity of the implied capital and labor

éoofticients. The lack of degrees of freedom is a problem.

Thesae results cannot be interpreted as proving that:

technologicai—change has been non-neutral. Another technique

- — e
s,
e on e
-

must be employed if the Bell Canada produc{I3E“?ﬁﬁct&en\ig\\\\\;‘\\\\¥

to be estimated in the presence of technological change.

“Tibiéi not available for this number of degrees of freedom.
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¢ . 2. Equations Estimated with the Explicit
. Specification of TebQ?ological Change

VoL o
(a) Using Pxoxy’Variable for
TechnologlcaIXChange oA \ wi
,\( "'\-"

As dlscussed “in Chapter V, it is possible to

modify a production function so that different types of

E o 7£échnologica1 change are specified directly. Hicks r

| neutral, Solow neutral and Harrod neutral technological

;‘ change can all be assumed directly in the specification of ~
{ﬁw*ﬂﬁgf ‘“HWAMAAEIEIea Cobb ~-Douglas. function. However, each of these

| ,?orms gives. rise to the same equation tp»be estimated.

|

|

-*Therefore, data alone can not be used to identify the type
of technological change.
" wWithithis in mind, an equation was specified in

the form

Y o= Ao ert L® KB u

1 . where u is a random error which is assumed to. be ndrmally

] ;
. distributed with zero expected value. )

In the actual estimation, the logarithmic transformation ’

of this equation was used.

L4

1n¥-1naa+ain1.+sinx+rt+u'

Results of this estimation will now be discussed.

*

v P
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Three proxy variables were specified for techﬁo-
logical change, These variables were the percentage of
calls which are direcf distance dialed (D), the percentage
of total telephones connected to Number Five Crossbar and

" Electronic Switching System offices (E) and a simple time
grend (). The rationale for choosing these variables is
explained in Chapter IV. Empirical estimates of a éobb-
Douglas function incdrporating technologicdl change are
shown by equations 6-8 to 6-10. Good fits were obtained
in each of the regressions. The Durbin Watson statistic

"was in the inconclusive region.

6-8, InYN = -,35 4+ 1,091nL + .15 lnKN + 015 D

’ (-.78) . (6.82)* (2.78)* (17.11)*

w

R?Y - .9967
' ‘ ow =  1.23
d.f. = 17

F 2005.32* .

’Butimation Hethod - 0.L.8S.

69. ln¥YN = 1,02 + .44lnL + .321nKN + .026E

(2.62)* (3.62)* (8.58)* . (20.26)*

O
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R? = .9976
oW = 1.2 ‘ |
° a.f. = 17 )
/ F = 2768.87% - @
, Est;mation Method-i 0.L.S,. "’
6-10. ln YN = 6.02 + .30 InL - .40 ln KN + 6T
(16.53)* (3340)* (-7.69)%" (27.94)*
R = L9987
'QK“fiE:”;@ 1.45. R
, / a4 17
| F = 5173.04%

»

Estimation Methdd - O.L.S.

¢

The inclusmn of ige technological variable has
lowe;ed the caéital coefficient in each case - as compared
zfith equation 6-1. ‘This suggests that collinearitywmay axist
between the tapital variable and the alternate proxy variablel
for technological change. 1In this thesis,*kleins rule of thumb
S ¢ will be used as a test for multicollinearity. Each independent
' variable ‘should be. more highly correlated with the dependent/

variable than with any oﬁker independent éariable.

' P . Simple correlation coefficients are shown below.
/ ) i D E ) T |
In L .59 63?7 T n -
|  InkN T .93 .99

ke

',.,.R. Klein, An introduction to _&onometrics, (Prentice-Hall,
1962), p. 101. r :

» - e e ST wrlec ol i gy bmaie Pt e e
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Altho&;h E is the least correlated with capital,

-

the simple correlation coéfiipient'between E and Epe

natural logarithm of capital is still large, In.spite of

2 £
this collinearity, it has been argued in‘'Chapter IV that I

¢ {
E is the beSt proxy for technological change. The !

alternatives are then to delete=ﬁ {as in eqdétion 6-1)
or to retain it (as in equation 6-9). )
It has .been éhown that the mean square error of | -
the es%}mated gppital'coefglcient can be reduced by the
‘emission of the technology vayiable only if the true t
value of the technology coefficient is less than one.
°  Of course, the true t statistic is not observable. How-
~ ever, C. Toro—Vizcafrando and T.D. Wallace have ;uggeéfed
that the null hypothesis t, < 1 (wheré A is the.coefficient
of the technology variable) be used as a test of whether
to drop the additional c°llinear variable.’ They print
critical values EB: a noncentral F test.? When this test
tis applieé using tﬁe error sum of sﬁuafes in equations
Lj. 6~1 and 6~9, the alternative of dropping E is re)ected:at

-

the 5 per cent nignificagée levgl . .

1¢% Toro-Vlzcartando and T.D. Wallace, "A Test
of the Mean Square Error Criterion for Restrictions in v
. Linear Regression", Journal of American Statistical.
Association, LXI11I, Wune, 1968), pPp. f5‘58 - 7.
——’-——-—-——- - )

2c, Toro-Vizcarrando and T.D. Wallace; "Tables
d for the Mean Square Error Test for Exact Restrictions
et n Regression®, Journal of American Statistical”
sociation, LX1IV, (December, 1969), pPp. 164% - 1663,
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e . Mo Feldstein hqﬁ“pqinted out that ‘ j , x*

N

. R ,
~ Since the null hypothesisg t, < "l 1s,not ‘of o
>, ) e . interest per se, but only in an 1nstrumental :
.. way, thé’type I and II errors are not ° ‘
' /'+directly relevant. A more 4ppropriate guide P i
to -the desirability of different conditional ’ :
* . omitted variable estimators (corresponding to
gifferent critical t, values)/ is the associated
"1pbss functlons, that is, the mean square .errors
of the estimates of: B as.. 4 function 6f the .o ;
\\\\\\ elevaht parameters, [}h Bhis case, 8 would - ) '
“Fatef to the capital coefficjant] . . . the .
¥ relaxlve loss functions depend on only the t
t, the extent of colllnearlty and the sample
size.l 7. = v '

.Using Monte Carlo experimen;;?\?eldstekn h5;~shown that »

D - ‘/ e R . N ]
4 M N » . s . ‘ .
(it is better to always retaln.the{éddltional collinear . -

14

variable uﬁless "the researcher has a strongapripr‘beliéf

_that tA < 1."27 In view of the importance of technoloqical

v

[N
+
I T |

?change as dxscussed in Chapter II, I would expect it to he

~ ¢ »

a hlghly slgniflcant var;able. NOnce agaxn, lx cah be

arqued nhat ‘the tgchnology proxy 2?i:able shqpld be B _
3} estxmation is ﬁhea - \

: o

mq@n square error af the estimated capital coefficient, ’

;9ta1ned evep lf the only cghter;

Return,'a to q.&le unplied by equatxon 6 9 ur;j 76
- o8
and+this value is signlflcantly dlffeﬁgut from qpity at a-

fﬁ o ' e ~ < R S
T - o * N -
, 1Mar§;n S. Feldstein, 'Multlcofélneariﬂy énd‘the
Mean Square Error of Alternate Estimators"”, Econometrica®, . '

7XLI, (March, 1973), p. 338.

» - 1pbid,, p. 344. ' .y
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5 per cent level of si.gnificancel but not significantly

‘x:.y at a l per cent level of ‘significance.

Pl ,,'

- different "f,rom ury

Ehat */eturns to le are ‘constant., Results are shown by N
. N -

equata.on 6 JLl /_’;‘he technology and capltql parameters are

@?pg:oxxmatel the same and the \labor parameter is only '
: &
shgbtly laz Ty 7 T
6-11. ‘In¥N, = .18 + .29 ln KN, + .026 E% ~—
A /L . /L -
- \ , . ‘ o . s .
5 A (1.6 (7.54)*% (18.46)*
¢7 R2 = - L9964 N R
) ' '

© bW = l02% S L

o »é;', L alf, 18 -
IR b - ' &

S F, - = 2774.55%

]

" Estipation Method - O.L.S.
r. "‘ ) « i ‘. ‘x . .
Simple correlation coefficientsg betweqn\t}é'rele\rant“
~ . ’ T \ “
' variables®are sitown below. S :

Do , ' . - .t ¢ ’ / .
".‘. . - . ) o . e ’ - , A »
. N ' . ‘) :

1n KN/L’ .94 . .

- ' ¢ - ‘ . .
On the basis of slightly less multxcolunearity, slightly

len aizocorrelat{/n and a slight.ly higher adjusted ‘ -

g r. "J. < v t\ - j . 4 ”., .

: IThe tovalue:for the hypcr,hesis o+ B =1l is 2, 29.
for' equation 6-39., The critical t yalue for 17 degrees of, . .
freedom is 2,11 at thé 5 per cent sanftmahqe level and .
"2.57 at tho 1 pet cent tigni‘ficance level. ' . : .

' I T

. R e AEY -
*d////fl~ A et

= o . - s A = - - v <

3}




coefficient of multiple determination, equation 6-9

might be chosen over equation 6-~11 whicA is restricted to

171.

4 s
constant returns to scale. :

As pointed out breviquslx, the production function

L
on 6-9 can be interpreted in terms of

specified in equati
Higks or Solow neutrality (by interpreting the estimated
' v

c‘%fficient of the proxy technology variable in a diffgrenb?

- .
way) .

logical chamge as an explicit ch&nge in the capital para-

meteq. Equation 6-12‘shows the Qobbjeouglas'fuhction

e

It is also possible to specify non-neutral techna:

estimated in this modi{ied fo;m.‘

-

= 1lnA +o€1ln K+ B InL +c (E*1nK) .
. , , ®

.87 + «37.1ln KN + 41 L "+ ,0030 E.LNKN
o i N - ¥ . )

* . 4+cE B \
Y 7= A QA ) Y
In Y
' Y
6-12, in YN/L = — u
{2.37)*  (10.92)*
R2 = . .9979,
> Dw H‘:F - lo 16 A“. !
q4a.f. = 17
y F = 3106.94*

l

Estimation Method - 0.L.S. .

~. ‘ -
An excellent statistical fit is obtained. Coefficients for

of mu riple de;erminationh;s high, ﬂowever, the Durbin Watson
statistic is in the inconclusive*ragiqﬂ and,~as shown by the
\ P ‘ LN

“ . i
simple qprre{gtiqp matrix, multicollinearity is once again a

problem.

T
o Hgtyr - .y

.

. -
°

(21,51)*
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T - 1In KN In L E*LNKN -
- F n'm . 00 A . BRI
/. 1L % v 1.0 | A )
| ESLNKN - .92 .62 1.00 o
. & < 2, - !

) A choice betweéen the Cobb-Douglas form"wit51 s

-t ‘/.’l B
technological improvement specified as a gradual change

‘ in efficiency or as a gradual change in the capital

parameter involves_a choice between equatlon 6~ 9Q3nd 6-12. 7,

¢

Based on the results presented here, neither set of

> . estxmates is clearly superlor. The ‘problen 18 that the - «
data do not contain enough 1nformat1on tf differentiate" ,
’ _ between ‘the two types of tec@pologicak éhange. . i\t

. Flnalry, the results of thxs éectlon can b
. compared thhvthose tained by R. Dobéll et al. They
; « . fitted a‘Cobb*Douglas function over . the\perlod 1952 to

1967 n51ng gross output net, capital stopk weighted man~

hours and - the pen%entage of station-to- éLplon toll cails

which were dirett dxstance dialed as a prbxy for’ techno-

\ . Qs

logical change. Their '‘conclusions ﬁorﬂBell Canada were “/,\\J

that:
(1) An index of echnologlcal change . . . plays:'
a crucial role in explaxn ng apparently
disparate mo ements in inputs and output[
* ‘ 7. o~
; N\-—="7" 1§, pobell et al., 'Cowmunxcatlons in Canada' ‘ -
) A Statistfical Summary”, Telecommission Study 2(b) (i), 9, ,
prepar or Department of Conmunxcatxcns, Information

Canada, Ottawa, 1971 £ P 205; " Ha o

i /‘y Ld

I
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‘the possibility of increas

r , 173. ' -

{2) Use of this index, together with data on ‘ X
deflated values of revenue and plant and wage- ‘o

welghted labor input mecasures, enables

estimation of a statlstlcally satisfactory .
( * aggregate production function of Cobb- Douglas
form.

N
A 1

*(3) This productlon function suggests the presence
.0of modest 1ncreaf51ng returns to scale over
‘Bell's operatlon as. a whole.

. —— —

In thlS study, slsghtly increasing returns. to scale were

" also obtalned using the,percentage of total toll calls

which were direct distamce dialed (equation 6-8). Howevpr,

-

these retuxn$ were not sizjficantly different from unity
lcent significance level (t value of null

2 " \
+ B =1 is 1.89 as compared with a citical
. Q

ér centrsignificance level of 2.11).

at the 5 p
hypothesis

value at the

- indlcﬁted (t value ‘of nu

|

as. compared witnt¥%eritical’

hypothe,s:l.s ” + B =-1 is -2.29

alue at the ‘5 per cent level

oé‘-z.ll). In viev&of thes confli:c’t:ing results, we must

conclude that no definite fevidence exists which would '

~the“§'resent‘scale of operjations. This does yo/t/rzle’/ut R

i

-

ing returns due ho the spreading

of initial overhead, costs ‘a low output levels, B

|
a (b) Using 't_is:mw(kariablu
It is also pousihla to explicitly npecxty techno-
logical chanqe using dummy variables. Tlus téchnique should-
ayoid ti}a loss of S{'Srw of- ,t\ranu(om when & production
¥ , . oo

* A 4
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N
function is fitted to each‘techndlogical‘géoch and the
introduction of multicollinearity when a proxy variable
for technologilcal change is used. As ‘Bgplained in
Chapter V, dummy variables can repysf:it éither a neutral
shift in efficiency or a non-neutral shift in the capital °
intensiéy parameter. ‘ ‘

In equation 6-13, the dummy variables ;epresent "
neutral shifts in e%fickency. D58 is equal to unity for

N

the years 1?58 to 1966 and zerohin other years. Similarly,
Dé? 5 equal to unity for the years 1967 to 1972 and zero in
‘othe years. The labor coqffzcxent is 1ns;gn1f1cant. Since
the Jmplxed returns to scale are . not signifxcantly
different\ﬁxom urity, the equation was re—estlmated under
this constrgint and results are shown by eguation 6-14.
Since the final dummy variable was not significant, it
was deleted. in equation 6-15. A good statistical fit.was

b

obtained in this*eqﬁatioh. All variables are signifibaﬁt,
and there is almost no multicollinearity present. T@e Durbin
Watson statistlc is in the 1nconclu51ve ,region. However, the

implied margina& productivity of labpr is zero. This Pesult

'is ‘questionable.

§-13, 1ln YN = =-.90 -.21 lnL + 1.00 1nKN -.20 DSB8 +.034 D67

o (1.05) (-. 80) (12.10)* " (-3.08)*  (.35)
. ’\’ "R = - .9885 : -
i oW = 1,37 .
i, . . \ .
) ) \ ’ a.f. = 16 . y o .
S ..L .. B = 431.43j O

‘Eltiﬂltlon Method - G.L.S, * > .
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. 6-14, In YN/L = =1.69 + -.98 anN/ ,.20 DSS +.031 D67
. Y

(=7.64)*%(12,35)* (=3, rS)* (.32)

+

l
i R2 = .9860
l ! DW = 1,29
: N FE. = 17
5 : ‘
; F = 471.61* .
| : Estimation Method - 0.L.S.
l 6.-15. In YN, % -1.75 + 1.00 InKN ;- .22 D58
’ (=19, 75)*(38.43)* (-8.89)*
‘ F
- \ RZ == 9887
: : =7 DW = 1.30 o
‘ P e
. d.f. = 18 T v
'F = 744.56* : ' "{2{3. .

Estimation Method - 0.L.S.

Equ;tions 6-161 6-17 and 6-18 show the same "set of
empirica& estimates when the’dummy variable enters as a
shift in the capital coefficient. On statist;gnl~grﬁ’/3;}
the estlmates are gggally/gbod and it is mpossible to .
f.diffaféntlate getween neutral and non-neu:\il tecﬁholoqipal .
change when dummy varlables are used. Once aqain, the

impli'ed marginal product of labd4r is zero in equation 6\18
L)

P A

6-16. {ln YN = 7.85 - .24 lnL+1 Ol 1nKN-,027 DSO(anN)* 0034067(1nKN)
o (-.98) (- 91) (1 19)*:-2.8m¢ - (.26)

x

. . , . ¢

. ’ t .

A .

" B ‘ Y] ¢
. . -
° , o . .. 13 s
' ) . - - ¥ - - ¢ . - - L34 LA
- ~ .
At adhandd I : N T S L VNPT PSP SR N




R2 = .9884 Ve

. DW = 1,37 7
. a.f, = 16 .
F = 428.16*
Estimation Method - O.L.S.

a5

6-17, in YN/L=—1.71 + .98 anN/L -.027 D58(1nKN)+.0032 D67 (1nKN)

(~7.05)*(11.30) * (2.91)* O (.24)

-

RZ = .9857

DW = 1.26
a.f. = 17 S
£ = 463.0]*
Estiyation Method - O.L.S. ‘ T ' . *
6-18. ln YN, = —/?Zs + 1.00 1nkN, -.029 DS (lakw)—— " '
(~19.68)%(38.16) * (-8,80)* .
- RZ = ,9865
/ W = 1,28
. d.f. = 18 )
| P = 732.010 PR “
Estimation Method - O.L.S. .(/’~

~ When dummy variables are used to specify shifts in

_'é;gﬁnoloqy, empirical estimates indicaté that returns to
scale are constant or llightly diminishing and that it is

&? 1mpo:n1b1a to.dittorentiatc between ncutral and . ncn-neutral

’ technological change with the da:a available. These two’

conclusions are the same as those reached when a ét@xy
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| variable for 'technological‘change was used. \_Q_ne different
result is‘ th;'it the cabité‘l coefficient is much higher when
) dummy variables aré used. The reason for this is t:xab the
W | . PYOXY, va}riable for tgchnological change is highly corre-
'Jated with the capital variable and in this case neit{/\ké%

’

: coefficient can be estimated reliably.

, D. . Empirical Lstimates of Constant ,
v ‘ . Elasticity ot Substitykion
b {C.E.S.) Procuctlion Fiinctions
!

' 1. Test for C.E.S. Production Fundtion

As discussed in Chapter V, .the Cobb-Douglas
L

production function is a special case of the C.E.S.
production function, Before attempting to fit a C.E.S.

function, the value of the elasticity of substitution (6')

I—— UA--wwe—aaA;e—%es%eé WW £ exogenously

determined factor and output prices, profit maxxmizi.)g

behaviour and constant rxeturns to scale are ‘assumed

i

linear relationship between the real wage rate and the

output-labor ratio will exist. The value of 6 is

lnY/La ok + 8§ In W

ifydicated by thd parameter 8. This side lation. is
shown, by equation 6-19.
6-19. 1n‘m/L =~ -,03,% 1,57 lnw

2
(-.65) (32.)*

[

R? = .9816 .
) W = .37 o
d.f. =" 19
R o ' ¥
B | = 1068,81*
Estimation.Method - 0,L.S. -~
& o,

———— e et - %
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These results imply that a CobbiDouglas functio;\
would ri:ot be appropriate'sincc the estimated value of 6

is 1,57 ..and is éignificantly different from unity. However,
positive\ autocorrelation indicates a misspecification,.

In any-.case, th;s approach is applicable only if the
assumptions mentioned above are valid. The value of @
should also be tested by directly estimating a C.E.S.

production function. ' ’

2. Fitting a C.E.S. Production Fundtion
. Using Side Ralations Derived fro
Cost Minimizatio

As described in\Chapter the first method of

fitting of C.E.S., production function involves estimating N

equations derived from the first order conditions for

—

cost minimization. These equations are in the same form

if a neutral technological shift in the efficiency para-

meter is spaecifled in the C.E.S. production function.

—————

‘Table 6-3 shows the estihated side“ relat':.ic;;\ :with\tﬂié‘\\\‘
fa.cf;or input ratio as the dependerit variable while Table ‘
6-4 shows 'thé estimafed side relatfon with the factor -
' étic‘:e x;atio as the dependént v?iable. Different versigns

- R
of e user cost of capital are used in each case,

-

\\
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TABLE 6-3
ESTIMATES OF C.E.,5. SIDE RELATION USING a )
FACTOR INPUT RATIO AS DEPENDENT VARIABLE
9 . ’ ' Coefficient' of
: : ° . Multiple Deter-
. * * Functional Form Parameter Estimates mihation and
~ a . b Durbin:Watson
. , \ . Statistic
1n KN‘/L = a + b In IiN
tel | -1.43 -1.51 ‘R? = L4614
4 (-1.26) | (-4.26)* DW_ = .25+
| i=3 -2,50 | -2.00 R = .35320
. gt : (-1.46) (-3.44)* | DN = ,29%
i=d4 ) 22,90 -2.11 R = ,4516
S / (=1.92) (-4.18)* DW = _36*
| i4 s -3:50 -2.45 R* = 5803
(~2.69)* | (-5,35)* DW = ,35%
v , C i -3,14 0 | -2.31 . R® = .6125
C(=2.73)% | (=5.71)¢ DW = ,30*
.aEstimutes, are based on 'the relationship - e

N
Y

s

'lka-%- Glar-f—-z- - d"ln;__i,»_

. ~
W regrs e went N - JR




. TABLE 6-4

o ESTIMATES OF C.E.5. SIDE RELATI USING a
) FACTOR PRICE RATIG AS DEPENDENT/VARIABLE
. .
- Coefficient of
. Co . Multiple Deter-
Functional Form Panrameter Estinates mination and
. a b Durbin Watson
Statistic
In r/w=a+blnKN/L| « ‘ . ' « '
- i=14( -211 -.32 | BZ = 4614
T . (-8.05)* | (-4.26)* DW = ,48* '
N , p‘ /
i=3 -2,29 ' -.19 RZ = 3520 :
(=11.97)* | (~-3.44)*, DW = ,74%
N ' ‘ 4= 4] -2.21 -.23. RZ = 4516
' o 1 (-11.85)* | (-4,17)}* DW = .73
i=5{c =197 |- -.25 | R? = .s5803 ‘
=12.47) % [ (-5.35)* DW = 58 |
D / 'ﬂ‘ |
i=6 -1.91 -.27 - 4 R® = 6125 :
S (=11.55) % [ (-5.71)* DW = .47¢
‘gstimates are aged on the relatiomship
4 . i r 4 ~ l
4 c. 8 KN ,
‘ in - = 1ln e (p + 1) 1In i
1 3
% -
—— |
\ , - : . . —
L
i
. ~
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The main observation is that structural
L ] '

oefficients implied by these estimated side :'e,latiOns

‘t" u

vary w:Ldely depending lon tne form of the sxde relatlon

' assumedu FPor example, the melxed values for the

- v ] .

Y elasticity of.substitution using yersion five of the.

~ cost of capital are shownsbelow.

-Taple 6-3 = 2.45 (
> . Tablé 6-4 ° = ‘1.00/.25 = 4.00 . .
Although the implied capital 1ntenslty parameters aﬁv
\fall w1thm g’th; allowable range (0-< & < 1.0), they
~also vary with 'th:i; fofm of the side relation assumed.
Regardless of the fo‘rm of the side relation
used, a re¢latively poor fit was obtained in terms of
the coefficient 95 multiple détermination. Some of t'hel

-

coefficient estimates are insignificant apd'the presence

.’

of[f{psi_tive autocorsrelatlon suggests mssgﬁeciflcation

: e,
> of the side relation. . \,.0)' \x ‘
- ' fThe side relatlons shown in Tabies 6-3 and 6-4
»
were'}ls/oﬁt@ed assummg a di(stribut.eq/lag qdjustment
‘ &

process. s:.nce a lagged dependent variable was pranent

< 1n these equat:.ons, the,fhildx'eth-Lu estimation tachniquo
ple '
| o '
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“ L)

' was used to test for the prescnce- of .}ptqco celation.?

In each case, ‘the estimated coefficientof. aut corre-

i " ¥

" lation was no’;‘equala to zero: A mord serious problem was

' the.fnulpicollinearity introduced by including the lagqged
. , G . .

dependent variablé. - Fhe ‘inplied iralues for the

v —

™~ ) , elasticity of subgtitution and the ‘capital mten:nty

parameter were unreahstlc. ] 3‘ T, & "
On the basis O’f these exr;p).rxcal .results, thls , S

. methoé‘ of fittan the C.L.S. pLoduc\tlon function was -

~ . Y + /
f °  .réjected. ‘ L
. "J‘ . . \/ & . / , . , 5
N e - ‘ n T "‘u' . 4y
. lthe Durbin Watson statistic is not an appro-—
‘ X priate test for autocorrélation in the uxsturbance when'
a_Yagged endogenous variable is specified. One altex-,
. native is to estimate tig Iirstiorder cgefficient of
» autQcoprel-atjon using a Hildreth«Lu search technique.
o Anotheg\alternatxve is to apply an assyrptotic test
\ developed by J. Durb (J. Duthin, "resting. for Serial .
Correldtion in Least-Sguares Regression when Some of v -
the Regressions are Lagged bLependent Variables™ ] '
Economatrica, XXXVIIl, KMay, 1970), pp. 410-422. ' /

+ -

-nV(bL) N . I ,
- 124 S |

L] Durbin Watson Statilbic '
~

numlmr of~plservationd C

S . & .
- e V! ;’_) - ﬂnmated van:/non of cootﬂcunt;‘ .
oo é\ R " of, lagyed depefident Vfar;..bla. T
‘ purbtn‘l Sekt-can emlz ke npplud w}{m Y ( rhc \J .
N nnt&lﬁa n h aum uud as A u&.amum norm&l vauabu. . .
- . r L
’ B ot v i . a Sl - 7 '
- tLx o ' ) " s : -




7~ ’ : |
3. PFitting a C.E.S. Productlon Function
Using Nonlinear Regression T
The results obtained in fitting various'ﬁodified
" forms of the Cobb-Douglas production functlon suggested

)
"that technoloqical chanqe could be specified as Hicks

neutral and that the proxy variable E could be used for
technical chahbe. A similar C.E.S. function could’ be N

-~

specified as

N B SV
‘ . A y[cx'f’+'(1_5;,1,?] /P elE,[x] /P GAE

Cobb-Douglas functions were also specified with
non-neutral technoloqicai change. One method of incorporating
non-neutralitechnological é%ange in the;C.E.S. function is .
€6 specify a time £rend in the capital’intensity parameter

b {8). However, fstimation problems can be encountered in X ‘

this case if the value of £ becomes negative for a

particular iteration. This form of the C.E.S. function was
. | ,

" not estimated.

S~ e e ) . .
i’ ' Estimated coefficients for the Hicks neutral form.

are shown below. The nonlinear regression algorithm of
D.W. lequa:dt‘ was used and the coefficient estimates are '
shown after each set’ of ten 1terations. The residual sum

i of'squaren decreases rapidly during the initial iterations

but the fate of convergence declines for subseqﬁené
. . ]

.
. ' g

. 1p.¥. Marquardt, " Algorithm for Least-Squares -
Estimation of Ronlinear Pa ameters”, SIAM Journal, XI, \
(June, 1963), Pp- 431-441 . J

R .
W W, o N R 1%‘? "0”‘}‘,& gy g JRS . . - R Sk
bR B4, s T L o M
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iterations. Convergence is flnally achleved after 69 -

iterations (the change in the residual sum,of squares is \\

o

less than’ >P001 times the value at the preyious iteration). =~
§ r ) v ’ ) :‘ . © ;“,. N
. ’7”:”' (\ N
TABLE -5 S

'\wé

©7 . ESTIMATES OF C.E.S. FUNCTION ING

L ‘ ! NONLINEAR-ESTIMATION  \ ‘ -
. ) r '
Parameter o S i .
and Resi- Starting : ;
S Squares | Foint 10 [ 20| 30 | 4050 | 60 |69®
Sy 1.50 | 1.25 |1.13 |1.00 ..| 1.57 |2.86 | 3.80{4.82
8 .60 .60 | .61 | .62 .66 | .66 .65 | .61
p 20‘50 " 1.27‘ - .94' 071 .36 126 .20 010
v 1.10 | 1.10 {1l.01 | .99 .82 | .70| .65 | .61
A 080 .033| .032] .031 | .027} .027] .027| .027
R.5.S. | 34,440,000] 3,357 | 2,624[1,805 | 939.|-823 | 802 | 796

éTest Statistics at Final Iteration
R2 = .9979
DW = .1.39

\ Some of the difficulties encountered in nop-
linear regression wére\oﬁtfined in Chapter V. However, it

is interesting to compare thg.above resnlts with those
obtained using a cObb-Douglas specification and the same \

type of technological change as illustrated by equation 6-9.

v »«.a.-w—ﬁww—m&rpw. —
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. ) ‘ " TABLE 6-¢

[>

COMPARISON OF COBB-DOUGLAS LCSTIMATES AND
NONLINEAR ESTIMATES OF C.E.S. FUNCTION

—— gL o St

-~

& . -
Parameter Estimate or Test §tatistic | Cobb-Douglas

Returns to‘séale . ‘ .76 | .61
,_éoefficient of~TéchnblogyvVa;iab1é :026 . .027
Elasticity of Substitution ) °
' (1/1+p) ; 1.00 .91
R2 , T‘.. L .9976 .9979
. DW ' N T2 1.39

L4

Estimates of -returns to scale, ,the coefficient of

_the technology variable and the elasticity of substitution

are similar. The two functions also perform ;lmost
equallf well when comparéd in terms of the Durbif-Watson
;tatistié. Since téfe;ependené variable is different in
the two functions (ln- YN and YN), a compérison of the
residuals and fesidua} sum of squares cannot be made until

the residuals from the Cobb-D%?qlas‘specification have been
. . R . o ,

recalculated bﬁ.takinq hntilogariﬁhms. Also, the goodness of

fit cannot be compaxeé using théxadfusted coefficients of
Nanks : A

multiple determination as shown in Table 6-6. However,
even when appropﬁéata_methods are used for the comparison,

there is very little difference in the residual sum of

' squares of the two functlons. The above results suggest

that there is little advantage in npecifying a C,E.S pro-
duction function as opposed to the simple: CObb-Douglas

<

<
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formation in the case of Bell Canada.

5. Fittin§ a C.E.S. Producti Function
Using Search Procedure OT
As described in Chapter V, it is also possible to
fit a C.E.S. function using search procedures if Hicks
neutral.technological ch&hge is assumed. The variable 1ln X '

must be calculated for initial assumed values p; and 6, in

the range p; > -1 and 0 < 4y < 1.

Lo
i

-V
y [P + (1-0) LP ] /f’ e’B = yx"V/P QB

InY = 1ny - V/p 1n % + )E

r “Py ~Po X T
In Js x '+ (1-¢¢) L, : : ‘ .

For each calculated variable (1nX), a C.E.S. production ,

H

where In &

function can Se estimated. By comparing the residual sﬁp .
of squares or the variqnqé of the ertrors, the C.E.S.
function which gives the 'best' fit can be determined.

s The variance of errors for each estimated eqqntion
is shown in Table 6-7. Over the permissable range for &
and p, there is very little difference in the goodness of”

.. fit of different trials. For' example, the adjusted

coefficient of multiple determination only varies from
~+9946 to .9982. Using a Cobh-Douﬁlas function (p = 0), the

ftz was .9976. Unfortunately, there is not enough variabi-
. lity in the data to permit differentiation between a Cobb- -

Douglas {Ed\alternpte C.E.S. production functions (p ¥ 0).

. 9
. .
\




TABLE 6-7

ESTIMATES OF C.E.S. FUNCTION USING SEARCH #ROCEDURE

: s
- .
Assumed Parameter ‘ ’ * ‘
Trial Values Error Variance (E.V.)
Number -
Y § P . Net Data
L E— , .
1 0.0 -.75 ,001522
2 0.0 -.50 .0015232
3, 0.0 .50 © .001523%
14 0.0 2.00 | | .001522
5 ‘ 2 0 -.75 ' /000757
6 .2 -.50 .000964 T
N T -1 .001518
8 2 2000 .0015232
9 o -.75 .000642
10 .4 -.50 .000611
11 A .50 .001464
12 . 2.00 1001522
13 - .6 <.75 - .000621 °
14 .6 ~.50 .000612
15 .6 .50 .001329 |
16 .6 .00 .001523%
17 .8 -.7% .000588
18 .8 -.50 .000619
19 .8 .50 .001089 -
20 - .8 2.90- " .0015232
2 1.0 -.75 , 000545
22 1.0 -.50 " ;000594
* 23 1.0 .50 .000594
- 24 1.0 2.00, .000567
‘;Foogect Fit with B.V. = .001523, §§ - ,9946
Best Fit with EiV._. = .000545, R° = ,9982

S A SR
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o '
The flatness of the C.E.S. function also accounts for the

slow convergence encountered using nonllnqir methods.
A, -
There is little point in making further attempts to find
the best C.E.S. function since the difference between the f

best ghd the worst: function is apt to be minimal, Lo

-

E. "Empirical Estimates of a Variable
Elasticity of Substitution (V.E.S.)
Production Functlon

The C.E.S. functlon can be generalized still further g
‘by allowing the ;lastipity of substitution to vary. Once

again, assuming constant returns to scale, exogenously

-
*

determ;ned factor prices and cost min1m121nq behaviour,

it is poss;ble to test for the presence of a V.E.S, funqgiggL,

e L}

-Eqaation 6—?0 was estimated for this purpose.

6-20. YN/L = '-.56 + 1.15 In W + 30 In KN/L
" (-4.00)%(10.31)* (3. %) -

- ) 4
R = ﬁ9696

, DW = 43 b
' d.f. = 18 | ' ‘
' F = 955,25%
e Estimation Method - o.xls.

The.elasticity of factor substitution is not
significantly different from umity.- Since” the coeffi-

»

. : 1
v - _ cient of the factor input ratio is significantly different

<
from zero, a V.E.S. function is indicaggﬁ? Hounvnr, positivo
aut%% jralation is a problcm. Perhaps the assumption of

e ] e enie e g

A R i
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. instantaneous adjustment to a change in factor prices is

unrealistic. In view of the positive ‘autocorrelation

pre¢sent in equation 6-20, the results of this test for a
variable elasticity of substitution were rejected. A V.E.S.

\, Production function was not fitted in this study.

L 4

F. Empirical Estimates of Nonhomogeneous
Productiorw Functions

As discyssed in Chapteér V, H.D. Vinod has estimated

nonhomoqeneous production functions using telephone data.!

-

He obtained relatively good fits and his equations were
also fitted using Bell Canada data. Empirical estimates
over the period 1952 to 1972 are shown by equation 6-21.

—— .._‘—«4——-—-‘*"“"" i

——""§=21. In YN = 79.62 ~ 20.27.1nL - 10.90 lnK + 2.96 anflnL

(6.40)*(~6.54)* (6.46)*
{ 9 R - .9825 , B , s
o DW=  ,70* ) .
Fi ‘
. ;f“ L0 At =1 o . | ‘fbw‘\ﬁﬂ
e " P, = 376.32% . R
NP -
‘\v’:{g Estjmation Method - 0.L.S. - T
ES
‘ Vinad'l first nonhomogeneous function is
Y = .xu+c in L . ) . '
InY = 1nA + alnL +b l6K + ¢ 1nL lInK
whare EL - %%%% - a+clnK ‘
. © _ 3lnY . : ‘
Fx % 3ar T Pt lnd

¢ = (B A B/ (B + B+ 20)

o

!

.
v . >
ATUEP e n Mmoo S0t ke G empgee o comm empveen e Wt
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‘This specification gives a relafively good fit in terms of
the coeff1c1ent of multiple determlnatlon. All coeffi-
» . cients are significant but p051t1ve autocorrelatlon is a
o major problem. ) ‘ ‘ .
/// The main difficulty with the Vinod specification ’

is that technolpgical change is nbt‘incorporated directly.

Any increase in output that results from technological
éhange over time will be attributed to the increased use
.0f factor inputs. The effects /of both neutral and non-

' neutral technical change will De included in the calculated

v
L)

values for the elasticity of output with respect to
capital (EK) and labor (EL). As a‘reéult, it is impossible »

to interpret the exact meaning of either the level or the.

change in FK and EL. . : : -

Vinod's function was also fitted with a proxy

¢

variable for technological change included. The results

*

are shown by equation 6-22. o

a‘ , A}
6-22, In YN = -33 68 + 5.32 1nKN+9.48 InL-1 .30 1nKN, 1nL+,035 E -

(-4.177%(4.57)%.  (4.50)% (-4.29)% (ij.s_s)*
' - R o= .9988 |
! DW - 118? h . .
d.f. = 16 L~

’ T . F = 4208,38¢ ' S

-

Estimation Method- 0.L.S.
. THe Durbin Watson statistic lies in the inconclusive range.
- Also, closer examination reveals thakmulticollim&rity is Y

- a major problem. Examination of the co/;elation matrix
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-shows . that the fourth variab;e' is very 'nighl'y correla;ed

. with other variables in the model. The simple cbhrre-~

lation coéfficients are shown below,.

jos . -

’ . In Kn } ln L InKNInL - E
thw 1.00 .8344 ' ,9310
n. L .75 1.00 D E 7
" 1nKNlnL .99 .83 1.00  .9284 .9798
B 93 .63 4 - .9l 1.00
" (fr’. Clearly, the V'ino;i specification cannot be used wigh Bell

' Canada data. Since‘ the basic’problem is the mu.’l\ti-
¥ collinearity between InKN and lnKNlnL, it would be
impq‘ssible ‘to obtain rel:iable param:eter estimates using
the Vinod function even without technological change
explicitly specified. |
Arl alterndtive nonfxomoéeneous function ¢'3ev'e109ed
by Vinod was a150\estimated. Once again, the:.:e was “too

much multicollined&\:.‘tty present to permit feliable estimation.!

3
.

- " ‘\ 1
InY = 1ln A +” aln K. +b1nl¢.’+c'm

L4 . "

The conclusion is that néither of Vinod's specifi-

/ cations can be used with Bell Canada data. . In addition to the
{ .

difficuley encountered in interpreting any results, the

equations cannot be estimated because of mu'lt‘f*‘éolllinearity.

Estimation of the Vinod functions is likely to be

! -

-

" lgimple correlation coefficients . , o
~ ln KN In L ' : e

.o ) - - L, . .
- ‘m' . +95 .87 o ,'

R LS
s e et Y S e
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“difficglt with any set of capital and labor data.
( i voos . &
+ \\

G. . Empirical Lstimates of Production -
Function Using, Disaggregate Data )

. N\
One of the goals of this study is to éqmpare‘results

obtained at different levels of aggregation. wifh this in’
.mind, the Cobb-Douglas function, modified to anlude a
proxy variable’ for thhnologlcal change, was' fltted\uslng
disaggregate labor data. ‘Labor inputs were‘split inﬁp two
types. The first type included nonmanagement and par’~
time enployees (N%ﬂﬂ), while the sécond type included all
management employees (MAN) . Labor inputs were measuned

in terms of weighted manhouys and the disagg£;gate‘d ta .
is contained in, Table A-17. ' Empirical results are hown,
by.eguation 6-23. " ! _ | , }

6-23. . ln YN = 1.58 + .44 LNNMAN-.25 LNMAN+.36 LNKN+.028 E
(4.58)%(3.99)* ' (-1.18) 0(8.45)7 (16.65)*

RZ = .9978 ]

DW= 1,33 ' / "

a.f = 16 o I
F = 2278.89¢ -

Estimation Method ~'O.L;S. 

The fstima;ed co?fficienSQ.for mathen.n and;v
nonmariagement ‘labor inputs have different signs.| Although
_management labor inputs are not~statisticali§ significant
in either equation, this do;s ;uggest that;i;bor cannot be
aggregated by simply adding :nanagex;nnt and’ nomnaqiunc

’ 9

inputs,

¥
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A
Simple correlation coelficients between the

a

variables of cqguation 6723 are shown below.

L4
3

. I8 '
b L ) . LNNMAN  LNMAN INKN E
‘? LNNMAN | } 1,00 :
..+ LNMAN e .37 1.00
P LNKN - .3 9 1.0
. B : . .15 947 7,93 1.00
dependent variable '

. YN L .97 .97 .99

' . Over the periéd 1952 to 1972, the use of management labor
#nputs was very highly correlated with the use of capital

Hnputs (.97) and output (.97), while the use of non-

management labor inputs was less correlated with the use of’

' capttél fﬁputs (.34) 1and output (.26). Aggregate pro-
‘e

ductioé models canno£ reflect this/ﬁf;§}milarity.
i -

"Since all thﬁfinputs must be specified as

- ' L]
independent variables in a production function, it is very -

difficult to work w‘th disaggregate data ugiﬁg this
'1appr§69h. In time series, multicollingarity makes the
. estimation of reli le parameter estimates impossible.
This il-illustratep by eqﬁgpion 6-23, Further disaggre-
. gation would;only compound the problem. In the next ,

‘ngctidh, input requirement equations are developed and

‘cltluated. Dilaggragation is facilitated by the%ﬁse of

' . e

-

this approach.
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T

a

’ ~ .
N o '
WAL T Y OGS RV Y TRV CT M s SO R ¢ s swoneaperenn s we p ot e ¢




H. Empirical Estimates of Input 0
Reguirement lkodel :

*

The ﬁevelopment and advantages of input require-

ment models were dlscussed in.Section I of Chapter V.

4

‘EStlmatqes using aggregate capital and labor data are shown
by "equations 6-24 to.6-31. These results corres;_}ond to
equationqs.5r33 to 5-40 as developed in Chapter V. Since
each equation contains a 1a\gg_ed dependent variable, ’
. ordinary léast sciuares '(O.L.S.) estimates are n:o‘t consistent
if auttaco’rrelation is present. The resylts shown :re'

. based on the Ha.ldretb-Lu (H.L ) estimating procedure. The
coefficient of determlnatx.on (Rz) is unadjusted for the ‘

+

degizeeS' of freedom and is calculated from‘the residuals.
6-24.  InlL = 1,10 -~ .13 1,,5:’-, .11 1n YN+ 003 E+,78ln L_

-l .
(2.23) * (-1,73) (-.79) . (.61) (5.82)*

R2 .= /8830
- p = .,0125

-

d.f = 15
F K 29018‘

. Estimation Method - H.L. B o,
6-25. 1n KN =--1,04 - .03 1nr5 +.39 1lnYN~-.012 E+.87:1n KN_,
- RZ = 9995
S N .qoco -
© o af. - 15 '
P = 10433.94* o

Estimation Method - H,L.




Q - -
N 626 ml:‘l' »/24 -.08 1n3 +'.04 1i1,§i-‘—1,,-".ooz E )
(-1.08)(-.97) - (1:08) (-1.55)
' . R s L5437 RS
‘ B 2 Le201 . T
) d.fy. 716,'. oo
! B VN és. '. . ) 3
' Estimation Method - H.L. . . T ,

e

8
KN
Ing— = ~.17 -

\ 5 - , N e
) . \ -l - :07 ln%. 006 1" ﬁ:' ‘
L © (=1.92)(-2.27)* (-3.2y+ |
A < TR, e .9254 - RO B

*ry
p =,

- ’ - d.f. = 16

002 E

(-7.13)*
. 8000, :
Fo o= 31,16 o
heth” - HIL‘

N X )
X

v,

Es?natidn

. 6-28, Inb = 1,15 ~ .13 In I3 - .09 (In YN5,026 E)+.74 inL_|

(5.76)-3‘ .

- -

L 434)%(c1.92)  (-h1S)
| ' . 881

C 179

. o ‘ 32
- ' )/' . - ’ ﬁ‘
. £ A
a.f, = 16

-~

f - P =4li29¢-

. Al & (S

© -Estination Method — H.L.
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6-29. § In KNw= -2.35 + .10 1nf2 + 1.03 (ln YN-.026 E) .-
(~5.19) *(1.48)

, A5.77)*  (11,28)*%
" R2 = .9979 -
( B = ' .0238
" 4. F. = 16 i ’
L]
” ' F =€2456.76*
. ~ ; |
Estimation Method - H.L.. * -
6-30.  Ingf~ = -.15 - .04'1nf2 + .04 (Ln YN-.026E-1n L_,)
* -l . " N
. h s he Snubgp
(=.73)(=.53)  (1.27)
~ . R = .5231 ' ’
_ B = L7383 - . .
- a.f. =17 o - )

[

a , . . . .
‘ . J | F - ! .95 \-
Estimation Method H.L.
v : . ,
4, ) KN “ . rs .
6-31, lIng—.= .30 + .01 ln=2 + .09 (ln ¥N-.026 E-ln xN_))
: -1
¢ ® . o .
"’ (6.08)* (.38) - (9.05)*
v RZ =  ,9229
‘ A - .1681 - :
F" hod
. . . d.f. =17, X .
F o« =74.45¢ T -0 b
' ~\ T L. ’ ’ . ki + E ’
A Estimation Method -'E.L,_ = - + °
. 1>~ _
- ' .
A . .
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~N !
| XAfQH: ‘ ' ‘Implied struéturél coefficients are shown by ]
f«i"{‘:. ) Table 6-5. The unrestricted coefficients as estimated by
b 1\ ) eéuations 6-24 and”§—25 are neither reasonable nor / .
. ' consistent. One reason for these Wreliable results is "”4
\ . that Bell Canada timé series d;téwhave too much collinearity
o to permit rellable'estimation‘pf this input requirements
modei. éimple correlation coefficients between the
. variables in'equ3tions 6-24 and 6-25 afe shown below. 1In .
both eqhatioqs, %nly the lagged dependent variable is moré
highly correl;ted with the dependent variable than‘bith
other independent variables.- |
? ‘ ;p£%r 'in YN E ln le'
o m E | 1.00 - -.84 -.85 -.48 _
" ln YN " -.84 1.00 .99 .67 .
TR : -.85 .99  1.00 L,-60
InL_, . -.48 .67 .60 1.00
Dependent Variable ~.56 [' .66 .61 . .93
, | ,
u ) ' ‘ 1n§é //AV;n YN E ln KN_,-
1n £ S 1000 -84 -.85 -.74 O
In YN * ' -.64 1.00 ‘_.99 .97
. A S .. =85 . .99 1.00 N ‘95
° St | . .74 .97 .95  1.00
‘ Dependent Variable:  -.74’ .97 .9’4‘ .999 |

! L
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Unfortunately, .attempts to introduce a priori
information 1nto the input requlrements model did not
overcome the problem of multzcolllnearxty. Based on pre~
vious results ‘in this chapter, constant returns to, scale
were assumed, in equations 6-26 and 6~27 and the coefficient
of the technology proxy‘variabie was assumed‘ko be equal
t6,.026 in equations 6-28 and 6-29. The final two equatidhs'
N incorpdrate both of these a priori assumptiong. Any of

the modified forms whiéh explained a significant portion

.. »
~

of the variance of the dependent variable dlso contained .

. collinearity between thé'independent variables. Por
0 .

example, simple correlation coefficients between the -

-
g

variables in equation 6-28 are shown below.

. 1n£é ln YN-.026 E 1In L

r5
ln -~

1.99 ) ' -.48
1n YN-.026 E -9 1.00 .78

¢ inL_, ©. . =48 48 1.00

Dependént Varlahle -.56 ] ) .93 ‘

.

Although it was impossible to obtain reliable |
parameter estimates in any of the aggregate input require-

" ment models, predictions of input requirements’ could still
be made providing that the extent and pattern of collineatity
w.ra to.continue in the future. Howeveys ghe:e is little
juntitication for making this allumption‘// ?;\

. Por similar 'reasons, it was impassible t;\ébtain

~N

. reliable estimates of disaggregated input requirement

LY
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models and results are not presénted here. 1In view of
the lack of‘independence in the time series data, no
attenmpt was made to estimate the input requirement equations - .

simultaﬁéous%y taking account of resexéggibns on the .

— -

parameters or to incorporate an -interrelated adjustment
£ ¥ N

process as in the Nadiri-Rosen model. . LT

I. Conclusions

Based on a study of the Bell Canada-production

{ . ~
.process using the production function and input require-

-

I B TR WIS, W s e

ment approaches, the followiﬁg gonclusions can be made:

(a) Choice of Aggregaée Data Variables
(i) Empirical estimates are relatively unaffected

by the choid® of gross or net data - providing 1§

that capital and output 'variallles are defined Cer
consistently.
(ii) Aithough there was ofter ]ittle difference: .

in the empirical estimates pbtaine&ﬁwith difterent'
wversions of the user cost of capital, it was ’ m';
decided‘on the basis of slightly better empirical . °
Fesu;té and for theoretical reasons that version‘s
wouid be used in sgbsequenf research. Version 5‘ .
is based on the assumption that tpe debt-equity

ratio in each year is optimum, that the opportunity

¢ cost of equity is best measured by the aveiago rate -

of refurn to 56 United States telephone companies
and that the opportunityrcbat of debt is best

»




(b)

(4)

MR- I T oy W
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Voo

méasuzed by the marginal cost of debt aQtually

paid by BellICanada. The effects of changes in

tax rates or tax structure are also iqcorporatéd.y

(i1i) - Great difficulty was encountered in de-

fining a proxy variable for teéhgological'change.

%he percentage of telephones connected to either Num-
- .

- A
ber Five Crossbar or to Elec¢tronic Switching System

offices was chosen for use in subseguent research.

B

Elasticity of Substitution

@

The C.E.S::;nd other more complicated forms
) of th; éroductfé; function either could not be
estimated reliably or Qere consistent with-a
Cobb*Dounis specification. The elasticity of
s;Lstitution is défine; as unity in a éobb- \%,

Dougiaa function.

-

Returns to ‘Scale p . .

The assumption of. constant }eturns to scale
!

could not be rejected at the present scale of
> R

~ dperations. However, increasing returns may

-

i)

exist for much lower output levels.

%ypo of Technological'Chahge 8
Using 21 years of annual Béll Canada data,
‘it'i; !mpos:lble to differentiate between/Hicks
neutral technélogical change and other non*neutraf
types such as Solow neutral (capital augﬁenting)

or capitai additive (product augmenting).

- ~
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(e} Best Aggregate Production Functions

(i) Usinq'nét output, net capﬁtal and a proxy x

variable for technoloéicél change, the best pro-

duction functions obtained are shown by equations

~\\ . 26-9 and 6-12, : - : ‘
. 6-9.  ln YN =1.02 + .32 I KN+ .44 In L+ .026 E
‘ o (2.63)% (8.58)* (3.62)%  (20.26)*
. 2 R? - .9976 :
“DW - 112 S,

da.£. = 17

F 2768.87*

, BEstimation Method 0.L.S.

6-12. In YN = .87 + .37 In KN+ .41 In L + .0030 E.1n KN

(2.37)*(10.92)* (3.54)*  (21.51)*
R2 - .9979
© DM = '1.16 L
d.f. - ‘= 17 ’
{ .
P = 3106.94*

" Estimation Method - 0.L.S. ‘
(ii) There is some eviderice that the capital and
{-,‘ v‘technology coefficient in these two production
;g?ctiqns may ﬁot be ieliably estimated bac;uac
ofjghe ébllineag}ty betweenﬁthe,capitai variable
) ' and the proxy variable for technological cﬁanqc,
' Hﬁen dummy variables .were psed to‘ reprn‘nt ‘
technological change, the estimated capital . . )

e .

LR e s gt s e e 5 Lk M e ey g s P LT T ——
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(£)

(g)

‘b

" coefficient increased (equations 6-15 and 6-18).

203,

Best Aggregate Input Requirement Model

In spite of the advantages'of this approach
(permits c&nsideration of both the;level and.
cyclical pattern of‘productivity), reliable
;atlmates could not be obtained because of the

N

oollinearity present in Bell Canada time series
datac v )

Use of Aggregate Data

(i), If possible,.management and nonmanagement

1gbor inputs should be considered as separate

input variables in the production model.
’ 4

-

- {i1) 'Since the use qf disaggregate time series

data in a prdduction function results in excessive

multicollinearity, it was impossible to obtain

‘reliable parameter estimates using a disaggregate

production function. Similag_gi_;;_ggg,impossib4ex,,___M,
‘to reliably estimate a disagqregate input require-

ment modcl. ' \ -

Use of Production Models to Predict
Short-Term Productivity Gains : ‘ '

(1) In this study, measured inputs do not take
into actount' differences in the level of capacits

utill:ation and this is probably the major deter-

ninnnt o! meaoured gshort-term productivity .

oscillations. Allowance for changeu in capacity

«
W ALY T i e G T M W Lo A m ® T et e I



_ duction function.. Allowance must be made for

®

\
utilization can be implicifly incorpo;ated into
an input requir?mgnt model.\but this type of mo@el
could n9€ be reliably estimaégd using Bell Canada
tiﬁe ée}igs data. However, a short-run prq@uctivity
forecasting model 'can be aevgloped from the pro-
short-term deviations from the estimated pro- .

duction function.' This type of prodqetivity fore-~

casting model is described in the next chapter.

e




Cﬁapter Vi1

L]

\SéECIFICATION OF MINIMUM REQUIRED PRODUCTIVITY
GAINS IN AN AUTOMATIC REYENUE ADJUSTMENT CL@USE

A, Short-Run Preductivity Forecasting
KOK&I . .

The requirement’'for and genefal nature of Auto-

matic Revenue Adjustment Clzuses (RRAC) were discussed in
Chapter III.. One of the problems encountéred was the
specification of'a minimpum improveme, t in productivity

which the company must attain before any unit cost

increases are passed on as an increase in rates., A SQlow
type tolai factor productivity measure! was developed
using standard accougkiﬁg measures of input and output.
The dollar value of productivityhgains ca¥culated using
this productivity measure are compatible with other-dollar
values contained in an income statement. Minimum requir@d
productivity gains must eventually be stated in terms of
this productivity index. ‘ |

Unfortunately, standard accounting data series do
not provide :atisfactorx measures of physical inputs and
outputs at an aggregate level. NMNore reliaSle indicators
of inputs and outputs (as measured by economists) were

&

lgendrick and 'Solow total factor prodpctivity .
measures are described in Section A of Chapter IV,

. ‘ . 205.
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"described in Chapter IQ and a production mod;i was developed
in Chapter V and Chapter VI usiné these alterr;ative data
_series. Although anbinput requirements model could not 5e
reliably eSt%ﬁated, it was béssible to estiimate an aggre-
gate production function of the Cobb-Douglas type. In this
,section, a productivity forecasting mode}l is developed
from the éstimated production function. 3Productivity»gaiﬁs
predicted‘using this formula éhould be consihtentvsitﬁ gast
‘performance and will be used' as minimum required 1mprd§a7
ménts in productivity. Section B of this chapter describes
the calculation of dollar values Yfor these expected pro-
ductivity gains,
Equation 7-1 is derived by including the error
term in the estimated production function shown by equation
6-9. A productivity forecasting model can be developed -
from this equation as shown below. Similar modéll could
havé been derived from alternative production functions.
' %

+.441nx,‘t+.ozsx + e

t

YNt d 1n YNt KNt - . ‘e
rﬁ'—- = = .32 B + .44 + .026 Bt + Qt
t ot . .

e

In discrete form, this equation may be represented as

t-1!

7-2. Y. = 32k 4 44R + 2.6 (E~E _ ) + 100 (e -e

L)
4

where YN, 'is net output and yé is the percentage chalge
in YHt

kt is net capital sto;k and R, is the percentage

l:Man?e in KNt

-
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' \

Lt is labor input (in weighted manhours) and-gt

isjthe percentage'éhande fﬁiht

—

L ‘\',
Et is a proxy variable for téchnological change

. (the percentage of telephoneg connected to Number
Five Crossbar or Electronic Seitching System

offices)

i

"

“Now, let the percentage change in total factor

-

input (xt) and the percentage change in total factor

e, is the error term in the production function. .

" productivity be defined by equations 7-3 and 7-4.}

7-3. % = .32k, + .441t .
. &

1-4. T, = Yo~ %

Ny Y

Equation 7-5 shows the implied expression for the percentage
chanae in productivity. ' ) _— -

7=5. r

JFe = 2.6 (E~E _ ) + 100 (e -e

t‘-l)

Our problem_ is to pred}ct r, when the‘pergentqqe
change in total factot‘input is unknown. Since the error
term of the production function (e;) is also‘unkhown,
squation 7-5 cannot be used directly. However, oﬁé alterna-
"tive is to assume that-the size of the error does not vary

from year to year (et'°t-l" In this case, the predicted

4

--— lThis total factor productivity index is similar
to Solow's geometric index. Instead of using the gshares '
‘of capital and labor, the estimated coefficients from the /
production function are used as weights in calculating
the percentage change in total factor input.




-level of desired productivity gains and of desired per-

~

centage changes in total factor input are shown by

equations 7-6 and 7-7.

7-6. r#

$ = 2.6 (B, - E__))
(27 . ’N
- ‘= - * = - - - g
7-7. . ® Y, - r} Yo 2.6 (Et E

t-l)

Actually, this predictor of productivity gains
picks up lgttle‘of the year to year vdriation, In ﬁact,,:
there is little justification for assuming that the errét,
terms of the production f&nct{qp will be equal in subsequent
years and some means of forecasting the size of this error SR

+

term in eag¢ch year is required. . _— ;
) c L > ’
One approach is to assume a linear adjustment

mechanism whereby the cnange in total factor input. adjusts

¢

to some desired levél (x;).

t t-1

-

NoTe8 (g - X ) = oa (k- ox )

Gl

The implication of this assumption is that measured-’inputs

and outputs may show large dev;atiénb from the estimated

N :
production function relationship in,garticular years. . Since
our input data does not take into account'ch;ﬂgas in ﬁhe_ L “
level of utilization, this result is not géxpiilinq}" _f ":“‘ﬁ“

Essentially, we are developing a model inybhfqﬁ_des;red"'“"
input levels are based on théypzodugtion.fbnction ;ut” S .i;'
measured input levels are based on -the desired level of S

inputs and on the level of input utilization. . ._'4 R

A s M oA - e




It remains to spec1fy the'ﬁe51red Ibvel of’total

-

factor input increases (X*J This qorresponds.po speci=

fying the desired level of productivity gainsn(r*) wHéﬁfYt is

known.& Since the rate of exogenous technologlcal change
is generally v1ewed as proceedxng aé\ahfalrly unlforﬁ pace
over short txme perlods, the major dgterminant of pxo-

ductivity gains is actually the opportunity which the

o

company-has to incorporate these tiew methods. If output is
growing more rapidly in a particular year, it can be argued o
that this-opportunity will be increased, In this study,

desxréﬁ product;vxty gains were specxf;ed as Varylng

¢

proportionately with the'percen;age i creasezxn output.
, @

The desired>leve1 of “x¢ is shown by equatxon 7-9 L

t

PN

r; = C Y, ‘

l g;,r .o
- - L - - Y 3 -l

7-9. A gfz = ytx ey, (l ¢y, . -

z

, Equation 7-10 shows the final productmv1ty fore-
casting model and }s obtained by substituting equation 7e8
L,
and 7-9 into equation 7-4.
S - _f

'
* a
.t
M o «

‘Denired productlvity gains were also specified as
r* = 2,6 (z ). ~This is the rate of.exogenous

tcchnoloqical ?roqrass as égtimfted in the production
function, However, when the derived productivity fore-
‘casting model was estimated, insignificant coefficient

" estimates and conflicting values for the implied.structural
goafficients were obtained. Results are not presented °
ere. -, :

-
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Fv = Y~ X ‘ , S :

. ;"‘ = Yy o ax:+ (1-a) ;‘t—l o ' —

~

b = Y, -\a-;d-c) Yy - (1-a) x

" + -
- (1~ a aC)y (1- a)xt -

o

7-10,

E]

—~e

-

' s %
.The estimated produckivity forecasting model is

e

shown by equationﬂ 7-11, All data serJ:.es are d;qcribed in

' Chapter/ 1V, A Hildreth-Lu (H.L.) estimating procedure ;ru
used so that consistent' parameter estimates would be .
obtalned even though a lagged dependent varidble is px:esent'..l
Since there is no constant term, the coefficient of det.ex;/ \ \

2

~———

. mination (R?) when calculated by the usual formula is not
bounded between zero and unity. As an alternative measure

of the goodness of fit, the average absolute error (A. A E.)

¥

is listed, ,. ¢ . \ ,
* ‘ i-,-‘ll.- r, = :93 ¢yt - \70 . 5, & N /
. (16.56)*  (-5,32)% e,

- " AALE. = 73
e ’ o ve . .
. , B o= .4752 a o

. 0 Lt =18 B - ﬂ
C . Estimation Method - - H.L, ‘ '

. /. . period T - 188 vo 1972, R
* /” ‘ s Aqtnal and z:redicted total tactor pr.odnctivity qa.i.nl

are ‘contained in Table 7-1. 'the sane seriog are plotud
in Fn.gure 7-1. er the entire period, the avctnqe abgsolute

18]

. error in the predicted pcrcentaqe productivi;y gain was -
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L 5‘% TABLE 7-1
. ) ) . ' TOTAL FA("ITOR PRODUCTIVITY GAINS
0 : USING ECONOMIST'Sv DATA
(Percentage)
‘{ear ' Actual , Predicted Difference
ﬂ 1954° 2.136 2.364 -.228
1955 - 2.130 4.397 -2.267
. 1956 |’ 1.697 1.595 102
1957 , 3.181 |- 2.66) 517
" 1958 971 .415 .556
| " 1959 3.838 .52 ¢ 315 ¢
1960 4.339 4.023 .316
. 1981 | 6.276 5.813 463 "
o se2 9,753 10.85) ~1.106 ~
1963 - 1.172 2.361 -1.19p
1964 | 7.483 6.506 .977
1965 6.867 7.258 ©-.391
1966 8.238 8.467 -.229
1967 11.545 | 9.500 2.045
1968 8.357 8.601 -, 204
1969 . 6.497 " gas -1.654
1970 ¥ | 10.466 - 9.634 .832
1M 2,091 . 2,021 .070
1972 | 7.623 ©7.950 -.327
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FIGURE 7-1

TOTAL FACTOR PRODUCTIVITY GAINS USING ECONOEIST'S DATA
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A only .73. Predicted pfoductivity gains were high in 1955
by 2.27 per cent apd in 1969 by 1.65 per cent, In 1967,
the predicted productivity gain was 2,05 per cent below

7 . the actual,. 'AErrSirs were much smaller in all other years

- - ‘ ‘
and special factors of a nonrecurring nature may have

affected productivity gains in these years. i
Implied values for the structural coefficients are

calculated below,!

) \ -(l-a) = =-,70 , .
- . a = .30 T
l~-a + ac = 93

.93

rd

l- .30+ .30c

. . ' . e-= ,23/.30
L e o= 3
he mean lag implied for the ‘adjustment of percentage
changes in total factor input is 2.3 years.? In view of the

very long lead times required for plant and'associ.ated

manpower additions, this lag is reasonable. Another impli-

_ cation of the above results is that for every centage

- 1In this model, the same implied structural coeffi-
cients would be obtained by estimating either the reduced
form or equations, since the reduced form can be derived by
l:;mply rearranging the variables and the error term is not
affected.

x, = (a~ac) y, + (1-a) x, |
I, = Y. - % = (1-atac) 'y, - (1-a) x,

27he mean lug of a Koyck distribution is A/3-x.
¥hen a =.30 and ) = l-a, the mean lag is (1-.30)/.30 or 2.3
years.

I * ]




. Coefficient estimates are almost the same as in equation ’

*forecasts were made for the years 1970 to 1972. It was

214, 4

point increase in output, productivity gair;s will increase
by .78 per cent after totalx factor input growth has adjusted
conpletely to the new desired output. This is c'onsistent
with tfle long-~-term trend of productivity gains and of- .
output growth,!

The model was also estimated over different sample

periods. Equation 7-12 shows the estimated relationship

over the period 1953 to 1969.

7=12. r, = .92 Ye - =70 x

t-1

(12.74) * (-4.55)*

AAE. = .79
L

p - 5000

a.f. ,' =14,

Estimation Method H.L.

Period

1954 to 1969.
7-11. Given the percentage increase in output, productivity

aésumd that the forecasts would be made on a yearly basis

\

lIn the event of a sustained period of no growth in

output, this model implies that there would be no producti-
vity gains. In this case, the productivity forecasting

.model presented here might not be relevant. Alternatives

include making desired productivity gains simply a function -
of some proxy variable for technological change or of a
proxy variable for technological change and the growth of
output. However, over the range of output growth rates
which have occurred historically, the forecasting modsl
presented here performs well and has the advantage of being .
simpler and easier to estimate thin a more complex version.

/
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and that the actual productiyity gain in the pfqyious year

would be knowﬁﬂ Forecasted and actual values are shown

below.
' Actual Producti&ity Forecasted Productivity
Gain (%) o Gain (%)
1970 v o10.5 - 9.5
1971 2.1 2.1
1972 7.6 ‘ 7.9

Although these forecasts are fairly close;ﬁiﬁ:canppg be
assumed that forecasts for future years will be equally
reliable. Particular events may have a pronounced effect

on productivity in a jiven year and these will not be

captured by the model. However, the burden of prooffghould»
lie with those arquing that the forécast is not reasbnabie
in a particular year. It will be assuméé that eéuations
7-11 and 7-12 can be used to forecast productivity gains
outside the sample period.” ’

B. Dollar Value of Minimum Required
; Productivity Gains

In the previous section, a modél was developed to
forecast ginimmn'requircd produétivity gains in terms of
1npuf7;nd output data series used by economists. Percentage
changes in this ptod;ctivity index were represented by the

notation Tye Since these predictions should be consistent

»
Y
“

v ———— .
Porecagts wertsyade using the formula
Ty = 8K Y= O X, -t Pe _
' b 092 Yt - .70 xt-’[’»+ .SO(rt‘l-(.gzyt"l -.70xt"‘
ﬁ ' = ,92=(yt-.50yt_l) - J70(x -.30x _.) +.50r,

N

t-1 1
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W
with past performance, they can be gt’aken as minimum

required productivity improvements to be incorporated‘ into '
an Autoxﬁat‘ic Revenue'Adj‘ust‘ment Clause. It remains \t:.o . 4
; . . :
* " convert these productivity requirements from the ecoqomigt's"r
measure (rt) into the equivalent productivity ﬁq&sure oo ' v
E] . !

defined in terms of;standard accountinq ﬁata.: Gainé‘in

3

and can be representeéd by the notation ra

t

this product’:ivit;y measure were calculated in.Chapter IIIX ] p/
. " ‘ -

2
t. A *
Equation 7-13 shows the estimated relationship’ ' '

between r, and ra, over the period 1953 to 1972. Although

t
gains in the two produciibity measures are highly 5brr9~

lated, the adjusted coefficient of determination is only
.7032, Large forecast errors would result if equatdon

7-13 were used to calculate a predicted-level of ra, given \

3 *

the predicted level of r,. ' ' {

-t ’,

7*5[3. x':at = ,20 +° .93 re ‘ ‘ A

= {.24) (6:78)% - v

N '

. 11t is also possible to respecify the productivity
,forecasting model entirely irn terms of accounting data
and to derive estimates of ra  directly. However, since
standard accounting data serids provide inferior measures
of, physical inputs and outputs at an aggregate level, it
is not surprising that a poor statistical fit is obtained.
Over the period 1954 to 1972, the estimated average absolute
error is 1.58 per cent (versus ,73 per cent from equation

: A ,

. R

v, : -

L
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)

.7032

R? =
« " D.W. = 2.55
T d.f. = 18
F = 46.02*

[y

Estimatfon Method' - 0.L.S.

1.

. Period ~— 1953 to 1972

. Port&ngtely, it can be a%sumed for our purposes
that the automatic rate adjusgmeht is to be calculated at
the beqiﬂn;hg of each year’for the previous yesr. In this
éQse, the actual values of both r and ra,wiil be known for
the previous year ana the difference bebwegn actual and
‘expécted values_of r can be dge& to Eaiéulate the expected
value of ra,  From equation 7-13,'a 1.00 per cént change
inr cofresponds to a .93 per cent\éhange in ra. Ccmbinin§

equations 7-11 and 7-13, expected values of ra can be

calculated as .
7-14.. fat = ra, - k3 [rt-rt]

= ra - 93 [T (93 - By, )00k, - udEx, ).

2

+ .4ex,_ 0] .

- 93, + .86y, -~ .42y, _, ¢ .ﬁSX;_ -

® ra 1

t

-31 t=2 - .46It__

1
. Expected productivity gains calculated using standard

accounting data are contained in Table 7-2. Figure 7-2 plots

the actual and expected productivity gains (usigg standard

counting data). With the exception of 1955, 1967 and 1969,

expected productivity gains in terms of accounting data are




TOTAL FACTOR
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/
Tmtu: 7-2

(Percentage)

PRODUCTIVITY GAINS |
USING STANDARD ACCOUNTING DATA

Year Actual? Adjustmentb Predicted

A B C= A+ B
1954 1.658 ~-.212 1.870
1955 1.401 -2.108 3.509
1956 .748 .095 .653
1957 .039 .481 -.442
1958 3.535 . .517 3.018
1959 -.318 .293 -.611
1960 5.847 .294 . 5,553
1961 4.111 .431 3.680
1962 9.060 -1.029 10.089
1963 1.797 -1.107 2.904
1964 5.499 .909 4.590
1965 5.663 -, 364 6.027
1966 B.974 -.213 9.187
1967 11.181 1.902 9.279
1968 10.939 -.227 11,166
1969 7.664 -1.538 9.202

1970 8.808 774 8,034
1971 5.120 . 065 5.055
1972 8.255 . -.304 8.559
2This series is caloulated in Table 3-7. S

b

The difference between actual and predicted productivity

gains as shown in the third column of Table 7~1 is
multiplied by .93 in each year to obtain this series.
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FIGURE 7-2
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very close to 8ctual levels over the entire sample period.
Finally, the dollar value of expected productivity gains
can be obtained by multiplying the expected pgrcenta :gain
times the value of total factor input in the previous
period.! Dollar values for the minimum required producti-

vity impr6VEment over the period 1955 to 1972 are shown

'in the second column ¢of Table 8-~-2,

C. Conclusions

Equation 7-14 can be used to calé&kate expected
productivity gains in terms of standard accounting data

(fat). It is based on the following four assumptiéns.

(a) that the production function can be represented
by equation 6-9.

total factor input can be represented by

G‘) that the adjustment mechanism for gains in
equation 7-8, _.

(c) that the desired level of gains in total
factor input can be represented by equation
7-9.

(d) that the relationship between productivity
gains measured with standard accounting data
and with data defined by an economist can be
approximated by equation 7-13, .

Dollar values for expected productivity gains are also
implied by Eat. Over the sample period, estimated values

based on equation 7-14 were very close to observed values.

Ay
oy -

1Table 3-7 illustrates this calculation,

TR AR - S g . g
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This equation will be used in the nekt chapter to

calculate ‘the mlnlmum prouuet1v1ty 1mprovement which is

required before any -unit cost increases can be passed on

as a rate increase.! If the company achieves less than

‘ this productivity gain, it will be assumed that ;

performance is below the level achieved under similar
circumstances in the past. In this case, the company
shodld not be allowed to pass increased unit costs thrgﬁgh
;l a rate increase. Uging this approach, the minimum
improvement in productivity ig not based oﬁ‘the bestrgain
which miqﬁt be achieved, but oﬁly on what was achieved
under similar circumét#hcés in the past as determinmed by

equation 7-14.

. 11¢ is assumed that automatic rate adjustments will
be calculated at the beginning of each year for the . . .
prsvious ycar.

iy
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g : Chapter VIIT

;- " CALCULATION AND IMPLEMENTATIOMOF
: ~ AUTOMATIC RATE ADJUSTMENTS |

A. ‘,Maxiinum Allowed ‘Increase of
Output Prices } - . >

As outlined in Cﬁapter III, an automatic rate-

-adjustment may be calculated using the following relationship'.

Dollar Value

E ) - Dollar - of Maximum - .
. ' : , " Value of . Allowed Price ,
- . Rate Adjustment Increase on

Inputs

1 [Y
3

If the company did not allow wages or other input prices to

exceed allowed levels and if the required proglucti\;ity

Doilar Value

Gains -

’

Dollar value A

of Minimum " of Rate .
b Required Increases g N
> Productivity - on Other
e Income v

gains were achieved, then the dollar value of rate increases

calculated'.using'this formula would leive the rate of

return to equity capital unchanged. A full scale rate casge

) P
"would still be required to adjust the allowable rate of

» Teturn on average total capital and to deal with other

tegulatorykissues such as the relative.price of differont,

services,

- 222,
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The main concern Of this study has been the

« s;pecification of an ‘apérépriate minimum required ﬁ:roductivity

i ‘ objective. A total factor productivity measure should b;a.
use~d since we want to measure the efficiency with which

-

all inputs are employed. Since different opportunities

for improvements in productivity exist in each industry .

and in'each cofnbany, productivity objectives for Bell

Canada which are based on the performance of soxr;e other

\ oo ' sector are likely to be inval{.'ic/i. I;m;:u‘e useful apé;oach " .
is ﬂto base the minimum required productivity gain onf.‘thé- =
' performance of Bell Canada in the bast ‘when f'v_aced by . \

sirdlar conditions'. Telecommunications 'services are’
. )' - L . ]
(4]

*

provided l:;y a very capital intensive production process

and changes in capacity utilization lead to large ' o
osc}llationa in the potential for productivity galnsgfrt;m '
-, year to year. As a result, the productiwty objective °
. cannot be based on a\simple average of productivity g;&lns ,
. achieved in the&past by Bell Canada. However, a met.hod o

of specifying the minimum required productivity gain was '

' developed in tﬁg previ.ouls chapter.

v

w

It remains to specify the maximum price increases

on input factors which will be allowed:. A price index'
‘ ., : c
vhich indicates the m;imm allowable price increase must

be_ chosen for each ipput. In Chapter III, the following
qeno:al\crinria vere discussed. : ’
C ‘ (a) ‘subject to .the provision t.hgt each price
. indicator accarately reprabents price changes

) in that particular input market, indicators
’ ‘ ‘ . should ben chongn which are not affected by

. ' o«

. . — . -
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‘ : ’ specific décisions of the fompany.

| {b). Price indexes should be chosen for every input
' used and allowable expenses for a particular ’

| input must neot be overly generous when +
. " compared with allowable expenses on other e
' s inputs. '
(c), Reliable data should be available with a- v
minimum of delay for any price index chosen.
. These criteria are not completely compatible and’
tne choice of price indexes ‘to indicate allowable
expenses will remain a matter of judgmenp./ This topic is *
not the primary concern of this study and the price
indexes shown below were chosen maihlg for illustrative ’
purposes. o :
(a) Employée Expense '~ Bell Canada Index of Employee
Expense per Employee .
(b) Depreciation Expenigk/ - Implicit Price Index 'for
: L Gross Busines's Fixed-Capital )
- L ‘ ' Formation -
(c) Other ExpenseﬂS ~ Implicit Price Index for
‘ : . Gross National Expenditure
(d) Income Taxes ' - None of increase included as
) ‘part of allowable expense
(e} oOther Taxes ) - Full- increase included as
¢ L allowable expense
A - .. . . ,\ n A
(£) Interest Expense f, HcLeod. Young and Weir Index &
. . . of Rate of Return on 10 °
0t ' Utilities T e -

Nonn of the wage indexes which were examined were
highly cor:elated wu:h tho ‘Bell Canada index of employee

,,.»5 K

dxpenie ‘per dm’t In m at m Wrum of prgco
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" Allowable expenses can then be determined by applying an*

grant excessive wage increaqps and further study should be

[
directed at finding an appropriate price index for employee
expense whi¥ch would not be affected by the results of Bell
Canada labor'negotia%ions.

Determining allowable expenses on the book valueﬁgf
s

depreciiiion presents a difficult conceptual broblem. The
actual book value of past vintages will never be affelted

by price changes in the current year.” However, the book

value of depreciation is biased downﬁgrd during an inflation-
. *

ary period since accumulated depreciation reserves measured -

at book value will not cover the cost of replacing assets

’ -

as plant is written off. The logical solution is to
. - {'

restate assets and thpreci;tion’values in current dollars.

cpprqgriq;eeptice index -to depreciation éxpense measured in
current dollars. At the present time, a switch to infla-

tionary accgunting does not appear likely in the accounting

profession. In this  study, allowable expenses have been

determined by;applying the Implicit Price Index for Gross

|

Business Fixed Capi
¢ . -
depreciation expense. -This method at least captures  some
: J
of the increase’ in true current dollar depreciation during

=

tal' Formation to the book value of

‘e
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e
an inflationary period A
| Allowable price increases on inputs in the other
expense catejory are détermined by applying the Implicit
frice Index for Gross.National Expenditure, This isithe .
éame price index used in Chapter III for this expense
category.

Another conceptual problem is encountered in
specifying appropriate pkice indexes and allgwable expenses
for income and other taxes. I have simply assumed that any
increase in income taxes is meant to be borne by the
company and should not be part of allowable exp;nse, wh}le
'the complete increase inh other taxes is considereq as part
of allowable expenses and may be passed on\by ghe company.

Most losg term 1ntqrest rates are highly corre-

» lated over time. The price index chosen here to determine
allowable expense is published by McLeod, Young and: Weir

'andfrepresents interest rates on ten utility bonds.

Table 8-1 shows the“allowable expense arising from

’ !puring an inflationary period, a switch to

inflationary accounting (valuation of assets by restating

to current dollar values) would provide a better measure

.of true depreciation experise. If the allowable rate of '
return was quoted on the asset base, there would be a

further benefit to the ‘company because the absolute value

of allowable profits Would increase as a result of inflation.
However, as with any change in accounting technique,

benefits to the company cén be eliminated simply by = <
adjusting the. allowable rate of return. An Automatic

Revenue Adjustment Clause (ARAC) can be instituted either

with or without changes in accounting proceduren.
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i
‘each expense category over the period 1954 to 1972.! 1
should point out once again that a subjective judgment is
involved in the specification of allowable expenses for
each caiegory. The total allowed increase in expenses shown
by column F represents only one of several possible

4
combinations.

B. Calculation of Eligible Expense and
Percentage Automatic Rate Adjustment

. Expenses which are eligible to be passed on as
rate increases are calculated by subtracting the minimum
fequired productivity offset and the value of price
increases on other income from the maximum allowed increase
in expense. Table 8-2 illustrates these calculations for
the period 1954 to 1972.% Eligible expenses for rate
adjustment can also be stated in terms of the equivalent
percentage increase in total operating revenue. This series
is shown in the first column of Tible 8-3.

As outlined previously, automatic rate adjustments
are calculated so as to leave the rate ?f return to
equity ca%ital unchanged, providing that the company meets

the minimum required productivity objeciive and doeéws. not
T '

1As in Chapter III, the dollar value of price
changes are calculated by multiplying the current dollar
figure times the change in the price index from the previous
year divided by the value of the price index in the current
year. '

2The productivity offsets shown in the second column
of Table 8-2 are based on a productivity forecasting model °
estimated over the period 1955 to 1972. However, as pointed
out in Chapter VII, the coefficients of this model were
almost unchanged when the model was estimated over different
sample periods.
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w
}
?
* * ) ‘1.’
" TABLE 8-3 ’
COMPARISON OF AUTOMATIC RATE ADJUSTMENTS
AND HISTORICAL RATE CHANGES
(Percentage Change)
. . Historic Rate Change :
Eligible Expense | Minus Effect of Change | Historic
' for Rate in. Rate of Refurn to Rate
Year Adjustmenta Equity Capitalb Change
1954 .7 1.2 -.1
‘1955 . .5 " 1.1 .7
1956 1.6 .8 .3
1957 3.0 1.5 . -1
1958 .8 .7 .7
1959 { 4.5 ‘ 3.7 5.4
1960 . .7 .4 .5
1961 .3 w1 -.2
1962 ~2.6 ~2.0 ~1.¢4
1963 -9 1.1 .4
1964 .1 -.8 .0
1965 -.4 -.8 .0
1966 -.2 -.9 ~-.8
1967 *,2 -.8 -.3
1968 -1.1 -.5 -.2
1969 1.1 1.5 .4
1970 . 1.1 1.6 2.5
1971 1.3 2.2 2.7
- 1972 .3 1.1 2.0

%This series is calculated by dividing’eligible expenses
for rate adjustment (Table 8-2) by total operating revenue
in each year (Table 3-1),

Prhis series is calculated by subtracting the value of
increased compensation per unit ‘of average total equity
capital (Table 3-5) from the value of rate increases (Table
3-1). The difference is then divided by total operating
revenues (Table 3-1).

“Historic rate changes are indicated by the Implicit Price
Index for Bell Canada Services (Table A-20).

‘ -
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allow price increases on inputs to exceed allowable levels,
Historic rate changes1 include the effects of changes in

the rate of return to equity. Hence, the two series are

not directly comparable. If  changes in the rate of return
to equity are assumed to be predetermined, historic rate
changes can be adjusted to exclude the effects of changing
rates of return to'equity. This adjusted series (second
column of Table 8-3) can be compared with rate changes
calculated using the automatic rate adjustmgg%‘formula. The

K two series are plotted in Figure 8-1,

\ Over the period 1954 to 1972, automatic rate
adjustments as calculated in this chapter, are very highly
correlated with the comparable historical rate chahges. If
the Canadian Transport Commission had used the ARAC des-’
cribed in this chapter to’adjust rates on a year to year
basis, rate changeg_would have been very similar to thg
comparahle historical rate changes which actually took
place. In addition, peribdic rate cases would have been
necessary to set an appropriate level for the allqﬁable
rate of return on average total capitalf However, the

frequency of rate cases would have been less and the

3

1

. lyigtoric rate changes incldsg'the effects of price
changes on both regulated and unregulated services. The
Implicit Price Index for Bell Services.is also determined
in part by changes in the mix of services.

2Given the debt-equity ratio and the rate.of
return on debt capital, the allowable rate of return to
equity capital is also specified by setting the allowable
rate of return on average total capital. ’
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FIGURE 8-1

AUTOMATIC RATE ADJUSTMENTS AND COMPARABLE
HISTORIC RATE CHANGES

e

P ~emeee Automatic Rate Adjustment
ar-
centage “> @ ee = Historical '‘Rate Change
Change (minus effect of change in
: rate of return to equity
capital)
5.0
4.0
3.0
2.0
| 1.0
&
0.0
«1.0
-2¢°
-3.0 ,
¢

54 5% . 58 + 60 62 64 66 68 70 72
' Time .
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uncertainty surrouhﬁing rate adjustments would have been

reduced. As a result, the direct and indirect costs of
regulation would have been lower. :

C. Implementation of an Automatic '
Revenue Adjustment Clause

‘

The main concern of this thesis has been to develop
a conceptual framework for automatic rate adjustments ané
a method f6; specifying the minitum required prpductivity
gain which is required. Agreement must be reached on
several issues befo;e an Automatic Revenue Adjustment | <.,
Clause (ARAC) can be implemented.
Price indexes used to determine allowable expenses

in this study were chosen mainly for illustrative purposes.

‘Furtth'study and discussion of éach input market is
necessary. Id.particular, it would be desirable if some
exogenous price index could be found for emp}oyee expense.
Indexes useé in this study lead to automatic rate adjust-
ments slightly aﬁbve the comparable historical series from

1964 to 1967. PFrom 1968 to 1972, the situatioq was reversed.

«

Alternate definitions of allowabld';xpensel could alter this

result, Aiso, impliéﬁ incréases for 1973 should beé considered

in deciding how allowable expense is to be determined.!
‘Agreement on an appropriate rate of return to

“total capital and equity capiﬁal at the time that the ARAC

A

IThe automatic rate adjustment implied for 1973 is
not presented in this study because the most recent . nt
and output data which is publically available covers
period 1952 to 1972.




-
is initiated represents a second problem. If the company .
position is that the current rate of return to equity is
too low they may not be willing to accept a formula which
}sjbased on this rate of return. In Ch;pper 111, it was
argued that a range should be'estaglished for the allowable
rate of return. This would allow the company to be reyardeﬁ
or punished depending on whether they succeeded in meeting
the minimum productivity objective and holding price )
increases on inputs below allowable levels. Even when the
ARAC was implemented, the rate of return co&ld fluctuate
within the allowable range and this would increase the
incentive for efficient management. However, an appropriate
range for ghe allowable rate of return would have to be
agreed,upon.i :

A third problem etisés because price changes on
unrequlated services have not been considered. Theoretically,
the calculated automatic rate adjustment applies to price
changes on total operating revenues and the dollar value
of price changes on unregulated Qervices should be
subtracted. .

Bell gﬁh.d. has’ttnditionally maintained high
service quality. .Quality of serviqe is dependen; primarily
on long-term investment decisions, but provisions would
have to be worked out which ensure that measured productivity
objectives are not attained at the cost of a deteriora-
tion in thehiullity of service over time. This tradeoff

between service quality and the usual financial performance




indgicators alsofexists under the present fegulaﬁory
environment. ' , {

Finally,'the timing of rate adjustants\would have
to bq'determined; It has been assumed in thxs study that
rate edjustments would be made at the beginning of each
year for tge previous year. If rate adjustments are desired
at the end of each year for the following year, the problem T
becomes more complicated. A forecast of the income state-
ment and the relevant price 1ndexes would be requlred. In
a&dltion, agreement on some rebéte scheme would be necessary. A

Initidlly, I would suqéest ‘that the AQAC be
implemented on a trial basis.” Revisions .could be made as - '

experience: was gained in the use of the formula. _Very

small rate adjustments might be left to cumulate until the

-

next year. Especially during this introductory,period,
both Bell Canada and the Canadian Transport Commission
would want to maintain the right to initiate a full sctle

: | rate case and bypass the formula adjustment in atparticular

-
IS

year.




, : » Chapter IX »
y o o .
a - ~ SUMMARY AND CONCL{SIONS
N

Initially, a brief’descriptiﬁﬁ of the téleéommgni-

-

cations industry and of Bell Canada;oberationé was méde.(ﬂ\
The need for some type of aut;ﬁatic.mechanism for making .
rate adjustments in an inflatlonary perxod was appatent.
This would eliminate the need for contxnuing rate cases
and thereby reduce the direct costs of regulgtlo;.
¥ . Indirect costs arising from uncertainty surrounding
future prﬁce_adjustments aAa the resulting hiqher'co§ts
t  of capital would also bes reduced. a
Several desirable prépertiés for an Autématié T
Rate Adjustment Clause (ARAC) weré&éiscuﬁged. The '
implementation of an ARAC should not interfereJQith/bther
requlatory issues-gsuch as the reiative price of different
competitive and noncompetitive services or'the‘éxtent of
verticil integration. Also, ther® should be no reduction
in the incentjve f;r effitient manigehent and no implieé
Siaa concerning management resource allocation decisions.
Any ARAC which 13 proposed must be éasy to understand, ,
convenient to admini:ter, based on recent cost trends and
acceptable politically. o , -

The qenctal form for the ARAC which is proposed

P
-~ B

in this ttudy can be represented as . : . \
}:,‘ . e
. - 237, o ,
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L] . @ ? 4
. "
Dollar Yalue .
Dollar Value of Maximum o ]
Y . of Rate = Allowed Price - .
’ ‘ Adjustment Increase on
N ; Inputs.
. Dollar Vallne‘,u Dollar Value
) of Minimum, _ of Rate’
& . Productivity Increases on -
Gain Requiredw Other Income
" U

4 A 4

This formula would protect the rate of return to equity

-
e

. capltal in" t\h@,gprevmma)penod provided that the company
met the product1v1ty objective and dld not allow price

increases on inputs to exceed allowable levels. If the
¥ Q a

. company achleves a hlgher productlvity gain or holds input

+price increases below the level required by the ARAC, some

of the. additional profits 5hoq1¢; remain with shareholders. ‘

51m11ar1y, if thel ompany does not meet\: the pe*rfo:mance .
. standards spec1f1ed in the ARAC, sharehold:‘s‘should

>y [ A4
“

suffer.. This type of incentive could be achieved. i{f a ‘B
A » M B , ’ X4

-+, range was specified for the;\&llowable rate of return,

The ARAC would only be fully operative if the rate of

B return after price adjustment fell within the*allowed

'3 )

range. e .

v

a 'The main concern of this thesis has been the,
&peclflcation of an ﬁ‘ppropriate productivity objective.
Since d;\.ff?tent potentials for productivity improvamnt
© 1+ exist in different compa”nies and different industries,
| a reasonable product:ivity objective can only be set by
determining the productivity giis that Bell Canada '

achiﬁved’ in previous periods under similar circumatances.

.
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' ” .
In tl('{s way, the productivity gain required by the ARAC

P :
is at least as high as the gains which have been recorded -

under fhe prééent regulatory environment. A production
model is requiréd for Bell Canada if minimum required
productivit)-' gains are to be sffecified in this way.
'Stancllard accounting data as contained in an income
N
statement were used to calculate the dollar value of price

changeé and productivity gains. Eventually, productivity-

gains must be specified in terms of this index. However,

< better measures of physical 'inputs and outputs' can be -,

[

calcuiated‘. A full description of the data used in this
study \Eo fitip:':oduction and productivity models™Is given

in Chapter IV. Most of these data series have been pre-
sented' by Bell Canada as pa{rt of productivity testimony and
a;:e publically available for the period 1952 to 1972.

Over this time period, it was.impossible to determine

it technoloqxcal change for Bell Canada was Hicks neﬁtral or

e

somé other non-neutral form, such as capital augmenting or
capital additive. More qeneral types of production .
functions were estimated, but a modxfied Cobb~Douglas

function produced the best results. Constant elasticity of

. aubn;titution and nonhomogeneous forms either could not be

eﬁtimted reliably, could not be interpreted meaningfully or

reduced to the simple Cobb-Douglas form. The hypothesigﬁ that
returns to scale werd constant and that the elasticity of sub-

stifution was equal to one cannot-be rejected based on results

-

obtai}xod in this study. Of course, increasing returns are .

P L4
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) possible at levels of production lower than were observed

during the sample period. Due to collinearity between the

ot

capital and technology proxy variable, the relative
capital ahd labor coefficients could not be estimated with
'precision/;md estimated prc;ductipn functions were not used
to test. if Bell Canada employs too much capital.

A production function explains the long-term trend
of productivity. H&ever, capacity utilization data were
not .'availablle and measured inputs do not reflect inputs'
which are actpally utilized. In particular years, fairly
large residuals occur in the estimgted productioﬁ function. PR
Although a ?roduction function is useful in explaining‘ the

) » long~term trends of measured productivity gains, yea’; to
. \\ year oscillations are left largely unexplained in a capital

\_ intensive ‘industry where labgr inputs are also fixed in
‘ <4

AN
ha\ture.

’ \ A}A input requirement-  model implicitly allows for
changing utilization levels, but ‘could not be estimated *

reliably because of collinearity among Bell Canada time

-
eeries data. Another approach is to assume a linear

adju&stment\pro_cess for the ingréase in total factor input,
\Given the increase in output, the desired gain in total
?ctor input\ is implied by the desired productivity gain.

v

ithough the| rate of change of exogenous technical knowledge

be constant, it was assumed that desired progdctivity
gains are determindd by the opportunity to ipforporate

technological |improvements and that this opportunity variel'
; | )




proportionately with the growth of output. A productivity

forecasting model based on these assumptions provided a
good explanation of productivity gains over the period
-%%%4 to 1972. Implied structural coefficients were also
reasonable and varied only slightly¢when the model was
fitted over different sample periods.

N A technique was developed to calculate the implied
dollar value of productivity forecasts. These dollar
values must be consistent with other dsll;r“v;?hes showp :
on anhincome statement. As stated above, when these ’
dollar values are used to calculate an autgmatic rate
aéjustment, the required productivity gains are at least as
high as those achieved under the present regulatory system
in aqfimilar situation. This calculated produc;ivity ,
offset shows large variations from year to year an
illustrates the impossibility of setting a reasonable
productivity objective based on a simpie average aof piht

J productivity gains. ' ‘
For illustrative purposes, an example was given of
the type of maximum allowable input price increases”which‘

) ' might be set. Agtamatic rate adjustments and comparable
historic rate changes over the period 1954 to 1972 were
calculated. The two series correspopded very closely and
the implication is that the Canndiaﬁfrransport Commission

could have u;;d this method of adjusting rates on an

annual basis. In addition, periodic rate cases would be !

required to caﬁsidex other regulatory problems and to




242,

adjust the allowable rate of feturn.

» Agreement ;nust be reached on several issues b;afote
an ARAC can be implemented. The exact specification of
allowable cost increases on each input and the timing
involved require further discussion. However, 1 BTEuuive
that a feasible ARAC for Bell Canad? could be implémented ‘

A

!
within the framework discussed ip.this thesis. The .

!
productivity. forecasting model itgelf co?ld be used inter-

Eal;.y by Bell Canada or by a regulato;y”‘i)od); to én!lyze

‘the consistency of revenue and cost estimates contained in
a budget view. {n fact:, -a g;neral approach to the speci-
£ication of more realistic productivit;( objectives and
price guidelines has been put forward. This approach should
be equally applicable to other companies, to other indus-

tries and indeed tc the entire économy.

g ATt tpprone e e 4L e e
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\ . APPENDIX A

- DATA USED IN CALCULATION OF ECONOMIST'S
TOTAL FACTOR PRODUCTIVITY MEASURE AND
IN RESEARCH CONCERNING
PRODUCTION PROCESS | L
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oy TABLE A-~1l
LOCAL SERVICE REVENUE
(Millions)
Current $ Local Service 1967 §
Year Value Price Index Value
" 1952 116.79 92.40 126.40
1953 127.79 93.30 136.97
1954 138.05 93.30 147.9¢
1955 151.98 93.30 162,90
1956 169.51 93.30 181.68
1957 187.17 93.30 200.61
1958 203.42 93.90 216.63
1959 233.63 100.00 233.63
1960 250.87 100.00 250,87
1961 269.52 "100.00 269.52
1962 '289.61 . | 100.00 289.61
1963 308.70 100.00 308.70
1964 325.01 100.00 325.01
, 1965 350.77 100.00 350.77
1966 380.74 100.00 380.74
1967 . 409.99 100.00 409.99
1968 437.55 100.00 437.55
1969 472.83 100.00 472,83
1970 512.36 100.00 512,38
1871 1 567.93 103.90 546.61
1972 | /6293 106.80 -  589.24

N
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; TABLE A-2

~

INTRA-BELL TELEPHONE MESSAGE TOLL SERVICE REVENUE
(Millions)

4

Intra-Bell
Telephone Message Toll
Service Price Index

1967 §
Value

Current $
Value

47.88
51.21
54.82

' 61.00
67.90

72.30
75.23

85.44

89.24

94.88

104,38

108,93
117.38

130.75

137.99

152.77

162.69

185.73

220.42
©231.05

255,50 .

© 106.05
106.05
106.05
106.05
106.05
106.05
107.26
113.31
113.31

©111.8Y)"

»104.32
104.32

104.32

104.32
100.72

98,78
99,22
110.93
113,41
115.79

45.15
48.29
.51.70
57.52
64,03
68.18

. 70.14

75.40
78.76
84.86
100.06
104.42
112.52
125.33
137.00
152.77

© Y64.70

187.19
198.70

" 203.73

220.65
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TABLE A-3

" TRANS~CANADA AND ADJACENT MEMBER TELEPHONE
MESSAGE TOLL SERVICE REVENU

_ {Millions) ’
Trans-Canada
Current § Telephone Méssage Toll 1967 §
Year ~  Value Service Price’ Index Value
1952 2.30 109.19 2.1
1953 2.66 112.26 2,37
1954 3.01 ¢ . 114,10 A 2.64
1955 . 5.53 114.10 b 4.84
/) 1956 6.53 114,10 5,73
1957 7.40 114.10 6.48
1958 | 8.54 ‘ 114,10 7.48
1959 9,93 113.64 . 8.73
1960 10.68 ° 112,69 9.48
. -1961- 11.59 109.56 10.58
1962 12.80 . 105.92 . 12.09
1963 . 13.92 104.10 13,37
° 1964 15.31 ‘ 103.14 14.85
1965 16.74 102.18 | 16.38
1966 19.69 § 100.36 . 19.62
1967 . 20,10 100.00 22.10
1968 25,27 - 99,90 ’ 25.29
1969 ©29.20 ‘ 99.65 ’ 29.31
1970 31.85 99.65 31.96
1971 34.92 - 99.65 : 35,04
1972 42,42 ‘ 99.62 42,58
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CANADA-UNITED STATES AND OVERSEAS TELEPHONE

TABLE A-4

MESSAGE TOLL SERVICE REVENUE

(Millions) S

Canada-U.S., & Overseas

1

&rrent $ Telephone Message Toll 1967 $
Year Value Service Price Index Value
1952 5.77 94.46 6.11
1953 6.56 94.46 6.95
1954 7.46 94.46 7.89
1955 8.30 94.46 8.79
1956 9.76 93.83 10.40
1957 11.79, 91.45 12.89
1958 13.01 91.45 14.22
1959 14.92 91.45 16.31
‘1960 17.35 100.44 17.27
1961 16.94 102,34 16.55
1962 18.29 102.34 17.87
1963 20.38 102,34 19.91
1964 24.90 102.34 24.33
1965 29.36 '102.3% 28.69
1966 35.56 102.34 34.75
1967 38.96 . 100.00 38.96
1968 42.69 100.00 42.69
1969 49.82 100.47 49.58 -
1970 55.94, 100.63 55.59
1971 | - 60.22 100.63 59.83
1972 71.74 100.63 71.29

Kty
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TABLE A-5 .
OTHER TOLL SERVICE REVENUE
(Millions)

Current $ Other Toll Service 1967 §
Year Value Price Indgx Value
1952 1.63 797,61 © 1,67
1953 2,30 100.14 - 2,29
1954 , 2,95 101.67 2,90
1955 4.39 | 101.67 ‘ 4.32
1956 6.39 101.67 6.29
1957 7.95 101.67 7.82
1958 9.43 101.67 9.28
1959 10.71 101.67 10.54 '
1960 12,71 101.67 12.50 "
1961 14.96 101.67 14.71
1962 18.32 101,79 17,99 \
1963 22.05 101.92 21.64
1964 . 30.79 101.80 30.25 .

" 1965 © 35,36 101,39 34.88 .
1966 40.00 100.06 39.98
‘ 1967 45,12 100.00 45,12 ¢
1968 54.07 ° ‘ 99.90 | s4.12
1969 64.45 101,66 63.40
1970 73.98 . ©101.60 72,81
197 80.36 . 194.00, 77.28
1972 94.96 . Yos.57 90.81 .
A
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TABLE A-6

h .t [ 4

E REVENUE -~ DIRECTORY ADVERTISING

{Millions)

-

¢

\ Current § Directory Advertising 1967 5
Year Value Price Index Value
1952 7.21 67.90 10.62
1953 8.05 67.90 - 11.85
1954 9.34 67.90 13.75
1955 10.72 73.10 \ 14,67
1956 12.32 74.90 \ 16,45
1957 14m79 77.40 AR Bt IS 81
1958 17.65 80.00 - 22.07
1959 | 20.45 86.30 & 1} 23.70
1960 22.50 189.60 " 25.11
1961 23.49 90.20 26.05
1962 25,05 91.80 27.28
1963 26,05 100.00 26.05
1964 26.51 100.00 26.51
1965 27.41 100. 00 27.41
1966 28.41 , 100.00 - 28.41
1967 " 30.21 \ 100.00 30.21
1968 32.53 101.30 32.12
1969 35.56 105. 30 33,77
1970 38.66 105.30 36,72
19711 | 41.58 105.30 39.49

- 1972 45.71 105.30 43.40
o}
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TABLE A-7 ~
"
MISCELLANEQUS REVENUE - OTHER
(Millions)
, Current § Other Miscellaneous 1967 $
Year ° Value Service Price Index! Value
1952 3.17 74,10 1.28 -
1953 3.78 74.00 5.11 ’
1954 4.26 75.20 . 5.67
#1955 3.54 75.60 .68 7
1956 2.22 78.40 2,83,
1957 2.49 80.10 3.1
1958 2.67 81.20 3.29
. 1959 2.89 82.90 3.48,
~:, 1960 ; 3,09 83.90 3.68
b Ziigel - 3.95 84.30 4.69
71962 4.48 85.50 5,23
1963 5.20 - .87.00 5.98
1964 5.11 89.20 5.73
1965 5.37 92.10 5.83
1966 5.81 96.20 604
1967 6.42 100.00 . 6.42 ‘
1968 7.00 103.20 6.78
1969 8.55 107.80 7.93
- 1970 9.56 112,70 8.4
1971 10.45 116.20 9.00
© 1972 11.93 121,50

rd

=l

TImplicit price index for Gross National Expenditurs
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TABLE A-8

BELL CANADA OPERATING REVENUES (CURRENT DOLLARS) *
(Millions)
\ Toll Revenues:’ Miscellaneous
Telephone Directory
Year | Service Message | Others Advertising | Other Total
1952 | 116.79 “55.96 1.63 7.21 3.17 184 .76
1953 | 127.79 60.43 -2.30 8.05 . 3.78 202.35
1954 |138.05 65.29 2.95 9.34 "4.26 219.88
1955 | 151.98 74.82, 4.39 10.72 3.54 245.46
1956 | 169.51 84.19 6.39 12,32 2.22 274.64
1957 | 187.17 91.49 7.95 14.79° 2.49 303.88
. 1958 | 203.42 96.77 9.43 17.65 2.67 329.94
1959 | 233.63 110.28 10.71 20.45 2.89 377.96
1960 | 250.87 117.27 12.71 22.50 .3.09 406. 44
1961 | 269.52 123.41 14.96 23.49 3.95 s 435.32
1962 | 289.61 © 135.47 18,32 25.05 4.48 472.92
1963 | 308.70 |. . 143,23 22.05 2¢.05 5.20 505.23
1964 | 325.01 157.850 30.79 26.51 5.11 545.01
1965 | 350.97 176.84 35.36 27.41 5.37 595.76
1966 | 380.74 193.24 40.00 28.41 5.81 648.20
1967 | 409.99 213.83 45.12 30.21 6.42 705.56
1968 | 437.55 232,68 | 54.07 32,53 7400 ' 761.80
1969 | 472,83 264.75 | 64.45 35.56 8.55 846.15
1970} 512.36 308,20 73.98 | 38,66 9.56" 942,77
1971 | 567.93 326.17 | . 80.36 41.58 10.45 | © 1,026.49
1972 | 629.31 369.66 94 .96 45.71 11.93 1,151.56

AU o o R P TK A e gy ol el G
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g ‘ o ‘ TABLE A-9Y
L ELL CANADA'OPERATING REVENUES (1967 DOLLARS)
(Ml}llO%« : . o
" . Toll Revénue ‘ Misc.ellaneous‘ ;
) . Local | | Telephonc - 1 Directory - ! .
" \Year |Service | Message |[-Other /A'dvertising Oth.erw Total
1952 | .124.40 53.37 | 1.67 10.62 4.28 { 196.33
1953 |* 136.97 | W7.60 | 2.29 11.85 | 5.1 | . 213.83
1954 | 147 .96 62.22 & 2.90 - 13.75 5.67 232,51
1955 | 162.90 71.15 | 4.32 14.67 4.8 257.71.
1956 | 181.68 80.15 | 6.29 16.45 2,83 287.41
1957 | 200.61| s7.55 | 7.82| 19.11 | 3.n 318.20
1958 | 216463 ;“91.34 9.26 | | 22.07 3.29 | 343:11
1959 | 233,63 | 100.45 | 10.54 23.70 3.48 371,80
, oo ' 250.87.| 105.51 |12.50 |  25.11 3.68 . 397.6p
. 1961 | 269.52 |. 111.99,\[\14.71 26.05 | 4.69 ' 426.94
e 1962.|. 289761 | 130.02 | 17.99 27.28 | 5.23 470,14
‘o ﬂ 1963 | 308.70 | 137.70 | 21.64 26.05 - | 5.98 500.07
. 1964 | 325.01| 151.70 | 30.25] _26.5r | 5.73 539,19
© 1965 | 350.77 |.”. 170.40 | 34.88 |™ 27.41 | 5.83 589.30
1966 | 380.74 191.37 |'39.98 |/ 2841 | 6.04 646.54
1967 | 409.99 | 213.83.f 45.12| . 30.21 6.42 | / 705.56
1968 | 437.55 | 232.68 | 54.12 32,12 4 6.78 1763.26
Ty 1969 | 472.83 - 266.08 | 63,40 33.77 7.93 B44-02
A 1970 | 512.30| 286.25 |72.81| - 36.72 8.49 916,62
‘ ‘. 1971 | 546.61 ] 298.60%[77.26 [ 39.49 | 9.00 970.96
‘ * 1972 | 589.24 | ~223.42-'| 90.81 N340 o782 1,067.80
-
; . ' ’ \ ;
. - ¢ Y | ~
N BN "
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.o i
\— TABLE A-10 _ P
: . GROSS OUTPUT (%‘URREHT DOLLARS) - e =
L (Millions)
Total Cost of Materi;ls -
! Operating Rent, Services and | Non-Income Gross
» Year Revenues Supplies: Taxas Output
' (A) By ,, (C) (D=A~B-C)
: . . e - :
! ' 1952 184.76 28.73 - 6.60 149.43
£’ 1953 202,35 . 30.77 -~ 7.18 164.39
. 1954 219.88 ' 35.00 7.73 177.15
1955 '245.46 . "40.33 ” 8.84_ 196.29
1956 274.64 ~ 49.01 9.84 [215.79
1957 303.88 50.41 11.86 241.62
1958 329,94 5. 26 12.90 260.79
959 377.96 . 60.38 14.53° 303.06
. 1350 406.44 7| 63.87 "16.69 325.88
1961 435.32 | . 66.91 18.86 348.55
', 1962 472,92 72.66 , 2086 380.108
1963 | 505.23 78.00 21.56 405.72
" 1964 545.01 80,11 - 23.12 441.78
. 21965 - 585.76 90.21 © 25,31 480.24
1966 648.20 98.01 29.91 520.29
- 1967 705.56 98.71 35.72 571.13
. 1968 761.80, 107.29 38.80 615.71
' 1969 846.15 133.44 44.68 668203
e " 1970 942,77 138.82 45.48 758.47
% aem | 1,026.49 |-, 160.93 52.38 813,18
L &2 | 1151569 i 185.90 54.19 911.47
- ¢ g ~ ) . .
i 1 EAN - %
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GROSS OUTPUT (1967 DOLLARS)

(Millions{ '
- s «
.| Cost of Materials
‘ Opgrating Rent, Services and | Non-Income Gross
Year Revenues Supplies Taxes Qutput
' () SV () (D=A-B-C)
1952 196.33 | 38.77 8.90 © | . 148.66
1953 213.83 4158 - | 971 '162.54
1954 232.51 46,55 O 10.28 175.67
1955 257.71 53,35 11.69 |° 192.68
1956 |( 287.41 62.51 12.55 212.35 .
1957 " 318.20 |° 62.94 14.81 240.46 o
1958 343.11° J’gs.za 15.89 257.93
1959 | 371.80 72.83 17.52 281.45.
1960 397.68 76.13 * 1 w990 301.66
19861 426.94 79.37 - 22.37 325,20 , .
1962 |  470.14 84.98 : 23,58 361.58
1963 |. 500.07 89.66 24,71 385.69
1964 539.19 89.81 . 25,92 42346
% 1965 | 589.30 97.95 27.48 463.88
/ 1966 646.54 loL.e8 31.09 513,57
1967 | . 705.56 98.71 35.72 571.13
1968 . | - 763.26 103.96 37.59 621.70
1969 844.02 123,78 | - 1.4 678.79
1970 916.62, | , 12318 | 40.35 | . 753.09
1971, |  970.96 | 138,50 . ~ 45.08 787.38
1972 ﬁb 1,067.80 153,00 ] 460 .| 850.20




TABLE A-12
v

‘,,GROSS.OUTPUT MINUS WRITEOFFS (CURRENT DOLLARS)

(Millions) N
- .
> : > Gross Output Minus

Year Gross Output fPiteotts! Writeoffs
1952 . 149.43 225 128.18
1953 .| , 164.39 20.51 143.88
1954 177.15 24.46 152.69
1955 196.29 29,32 166.98
1956 215.79 31.82 . 183.97
1957 241.62 34.05 207.57
1958 260.79 34.28 226.51

1959 303.06 45.74 257.32
1960 325.88 55.94 , 269.94
1961 149.55 54.75 ’ 294.80
1962 380.10 -68.05 312.06
1963 405.72 70.06 335.67
1964 441.78 76.20 365.58

1965 480,24 68.46 411.77
1966 520,29 77.31 442,98
-1967 §71.13 85.41 . 485.72 .,
1968 615.71 ' 90.52, 525.19

( 1969 ) 668.03 112.64 555.39
1970 758.47 . 126.08 632,39
TTo9n 813,18 136.02 , 677.16

1972 911.47 167.43 744.04 A

11952-56 data were estimated as 20 per

‘on new construction in each year.
¢ 4

. oo . ‘. -2 =
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| ]
* TABLE A-13 5 .
GROSS OUTPUT MINUS WRITEOFFS (1967 DOLLARS)
- (Millions)
' ) Gross Qutput Minus
Year Gross Output Writeoffs Writeoffs
' . - L
1952 148.66 24.60 124<i;
1953 162.54 24.19 - 138.35
1954 175.67 29.15 . 146.52
1955 | . 192.68 34.98 157.70
"1956 ©212.35 37.39 174.96 ‘
1957 240.46 39,78 200.68
1958 '257.93 19,81 218.12
1959 281.45 53,06 228.39
1960 300.66 64.60 237.06
1961 " 325,20 63.45 . 261,75
1962 ° " 361.58 © 78.03 , 283.55
1963 385.69 79.52 3067
1964 423.46 86.69 . 336,77
1965 463.86 76.58 . 387.28
1966 | 513.57 82.50. BN § O Y A
1967 571.13 | 8s5.41 485,72 - o
1968 621.70 $86.29 . 535,41
1959 | 678.79 102,49 576.30
1970 753,09 107.03 , 646,07
) 1971 787.38 109.60 677.78
1972 | 870.20 127.61 -~ | . . 142.%9

. - ”
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] .




J

TABLE A-14
NET OUTPUT (CURRENT DoiLARs)
{Millions)
- !

Y?ar Grosg Output Depreciation ‘Net Output
1952 149.43 29,95 119.49
1953 164.39 . 32.36 132.04
1954 177.14 : 35.00 142.15
. 1955 196.29 38.03 1 - 158,26
. 1956 215.79 . 43.74 172.05
1957 241.62 T 55,22 186.40
1958 260,79 62.75 198.03
1959 303.06 72.37 230.69
1960 325.88 79.55 246.33
1961 349.55 86.21 263.34
7 1962 380.10 94.98 285.13
1963 405.72 . 106.65 299.08
1964 441.78 115.19 - 326.59
1965 " 480,24 127.24 353.00
1966, 520,29 145.01 375.28
1967 571.13 165.90 405.23
1968 615.71 187.33 428.38
1969 668.03 214.26 453.78
1970 758.47 242.59 515.88
1971 813.18 270.54 542.64
1972 . 911.47 320.11 591.36

P +

Y
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TABLE A-15
NET OUTPUT (1967 DOLLARS)
. (Millions) M
i’ear Gross Output Depreciation Net Outi:ut
" ,

1952 "~ 148.66 34.66 114.01
1953 162.54 38.16 124.38
1954 175.67 41.72 133.96
1955 192.68 45.38 147.29
1956 , 212.35 51.40 160.95 ,
1957 240.46 64.51 175.95
1958 257.93 . 72.8%8 185.05
1959 281.45 83.95 197.49
1960 301.66 . 91.86 209.89.
1961 325,20 99,90 . 225,30
1962 . 361.58 108.92 252,66
1963 385.69 121.05 - 264.64
1964 423.46 131.05 292.41
1965 ., 463.86 _ 142.32 321.53 .
1966 513.57 154,76 358.81
1967 571.13 ' 165.90 « 405,23
1968 621.70° 178,58 - 443,12
1969 678.79 194.96 . 483.83
1970 753,09 . 205.94 547.16
1971 | - 787.38 ., 218,00 569.39

1972 870,20 243,99 . e26.21 -
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TABLE A-18

' GROSS\CAPITAL STOCK®
{Millions

4

Gross Plant ///, Gross Plant
Year (Current $) J (1967 $)
1952 754.18 <i 872.90
1953 809.98 ' 955,17
1954 884.17 1,053.84
1955 922,47 1,184.33
1956 1,130.76 1,328.74
1957 1,278.60 "1,493.70
1958 1,446.18 1,679.66
1959 1,606.65 1,863.87
1960 1,776.99 2,051.95
1961 1,927.42 2,233.39
- 1962 2,102.05 2,410.61
1963 2,291.39 2,600.90
- 1964 2,456.32 2,794.45
1965 2,674.94 2,992.11
1966 3,013.03 3,215.62
‘ 1967 3,463.23 3,463.23
1968 3,894.€8 3,712.76
1969 4,365.71 3,972.44
1970 4,982.20 4,229,37
§ 1971 5,577.05 4,494.00
' 1972 6,268,57 4,777.87

P

3 fncludes Average Plant Under Construction:
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N TABLE A£19
NET CAPITAL STOCK?
(Millions) °
) Net Plant Net Plant
Year . (Current $) (1967 $)
1952 531.85 615.56
1953 574.53 ? 677.51
1954 . 631,12 752.23
1955 717.87 856.65
1956 828.71 - 973,81
1957 949.44 1,109.16
1958 1,084.84 1,259.98
1959 1,211.67 1,405.65
1960 1,346.37 1,554.70
1961 1,461.42 1,693.41
1962 1,593.45 1,827.35
1963 1,736.91 1,971,52
1964 1,855.30 2,110.69
1965 2,004.02 2,241.63
1966 2,233.98 2,384.18
1967 2,538.86 2,538.86
1968 2,816,47 2,684.91
1969 3,117.85 2;836.99
1970 3,515.29 2,984.12
1971 " 3,905.63 '3,147.,16
1972 4,345.66 3,312, 24

®Includes Average Plant Under Construction

wi
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IMPLICIT PRICE INDEXES FOR OUTPUT

TABLE A-20

Total Total Total
Local Toll Miscellaneous Bell Canada
Year Service Service Service Service
1952 92.40 104.63 69.68 - 94,10
1953 93.30 104.73 69.74 94.63
1954 93.30 104,78 70.03 94,57
1955 93.30 104.97 73.70 95,25
1956 93,30 104.79 75.41 95,56
1957 "93.30 104 .26 77.78 95,50
1958 93.90 105.03 80.16 96.16
1959 100.00 109.02 85.86 101.66
1960 | 100.00 110.14 88.87 102.20
1961 100.00 109.21 89.30 101.96
1962 100.00 103.90 90.79 , 100.59
1963 100.00 103.73 97.57 101.03
1964 100.00 103.54 98.08 101.08 -
1965 100.00 .103.37 98.61 101.10
. 1966 100.00 | 100.82 99.33 10b.25
1967 100. 00 100. 00 100.00 100.00
) 1968 - 100.00 99,27 101.63 99.81
-~ 1969 100.00 199,92 105,78 100.25
1970 100.00 106. 44 106.69 102.85
1971 103.90 108,16 107.32 105,72,
1972 106.80 109.23 108.29 107.84

e R Rt P P O e A P
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. 'TABLE A-21-

'.&

L I

PRICL OF AGGREGATE LABOR INPUT .

\

Employee Expense

(Employee Expense Per
Weighted Manhour)} ¢

314.18

Enqployee Per Implicit Price Index
Year Expense Weighted Manhour for Bell Services
1952 175.33, 1.677 1.78
1953 83.05 , 1.803 1.91
1954 |/ c 90.63 1.881 "1.99
1955 | .101.76 1.961 2,06
1956 111,73 2.007 2,10
1957 121,08 2.095 ‘ 2.19
1958 127.29 2.210 2.30
1959 130.98 ©2.317 2.28
1560 .134.47 2.463 2.41
1961 136.68 2.606 _ 2.56
“ 1962 142.32 2.722 2.71
1963 1150.48 2.812 2.78
1964 157.03 2.885 2.85
1965 166.00 2.975 2.94
1966 181.22 3.153 3.15
1967 1192.58 3.404 U 3.40
1968 204.79 ﬂS.ssl 3.70
1969 226.28 3.998 3.99
1970 255.78 4.422 T 430
1971 282.12 . 4.853 4.59
1972 5.326 .94 ~

<o
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1 . 268, [
! vy
. ) .
) ~' QABLE A-25 '
7 " . . v \ v‘
' ALTERNATL VERSIONS OF THE USER COST:OF CAPITAL®
v . 4 P . -
Vergion :
e | Smie | 2,6 | Soae | Coaye | Cos,e | Coe,e
g ’ ‘ ‘ﬂ ) '
1932 . 11090 0972 | .1389 .1368 1414 1393
1953 .1069 { .0977 . 1326 $1285 .1435 '\4394
1954 | . .1000 .0900 L1197 L1193 | L1346 .1342
1955. <. 0731 0616 .0918 .0908 L1167 1159
1956 .0816 .0737 |, .1035. | @§1020 | .1289 1276
1957 ©.0848 .0838 |° .1072 .1030 | .l404 | ,1362
1958 .1002 J..1033 | .1229 1214 L1541 |- .1526
1959 .1110° | .1078 " .1347 21296 | . .1588 1537
1960 ° L1111 21053 | v 0.1463 ) L1362 .1685 1584
1961 L1138, | .1097 .1348, ] .1291 | .1596 1539
1962 | .1196 1119 | 1406 | 1370 .165% | .1621
1963 Tt .1178 JA137 |4 L1379 © 1359 . 1696 1675
. 1964 .1225 .1168 L1415 .1413 .1705 1704
1965 . 1276 .1264 .1498 .1495- 1 L1797 . .1794
1966 .1312 21312 || L1625 .1585 } .1932 .1892
1967 .1214 .1222 |0 L1771 .1576 1840 1777
1968 L1270 | .1301 .1826 {. .1739 .1971 | .1885
. 1969 .1300 .1327 |- .18B8 .1762 .2092 | .1964 \ /
1970 .1394 | .1413 .2153, .1962-| .2293 .2097
1971 - L1277 .1325 .2046 .1933 | «.2142 .2030
1972 .1189 L1247 _.2034 1911 .2081 | ;lqsg
2all six measuges of the user cost of capital were cal-e late;L
using the formula LY .
Cpi, e _ (luv) | L

t pt . ) qt -u s.t ¥ rBi t A

. N 4 - o
Data\sé%ges for Qpr Yys 8y and \ are found in Table A—26 .
e

t
and the Wix measures of the fate of return on capital
(r

Bi, ¢) are shown in Table A“25. The implicit price index
for Bell Services (pt) is shown in.Table A—20. R

) e
1 L

L IR
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2 Y , :
INDEXES OF TECHNOLOGICAL CHANGE X
g " !
rl " 6' ’ v 1
Percentage df Telephones
Percentage of in Number 5 Crossbar and
Calls Direct- Electronic Switching Time
Year Distancg Dialed ~. Systomd Trend
© (D). 3 (E) (T)
) z b
L. s Lo °\~.
1952 .00 .09% 1.00
1953 | .00 .00 ) 2.00
1954 .00 .00 » 3.00
1955 .00 .00 - 4.00
1956 .60 ‘ 1.2 5.00
" 1957 1.30 © 43.;&5 . . 6.00
1958 5.30 . L 4.7 —~.o0 '
1959 9,10 . «6.03 : A 6o
1960 15.90 .67 ° o . 9.0
1961, 22.40 8.81 /1 10.06 -
1962 26.30 _ 11.18° 11.00
1963 | 31.10 11,81 12,00
1964 37.30 16.83 ° 13.00
1965 43.30 19.34 14.00
1966 | .- 47.10 ( 22.16 15.00
1967 | ™ 50.70 ° ~24.88 16.00
1968 | - 56.88 . . 28.11 -lz.oo
1969 62.30 . 30.61 . 1800
1970 67.80 33,55 19.00
1971 72.10 315.71 20.00 © .« .
1972 76.60 38.65~ 21.00 '/,\~j -

269, - R

3Electronic Switching Offices were introduced An 1967.

The’

breakdown of the number of telephones by type of central’

office from 1967-72 is as

ollows:

]
PJarcentage of Telephaones

1 .

Percentage of  Te ephones e
. in No. 5 Cros bar in Electric Switching .

Year ' otficea Offices

1967 - 24.88 . , w00

1968 » ‘ 8,06 0T Q

,\1969 e —¥0TYY -, 42

1970 ' . -32,58 . %97

197% . ,.‘;%.ZQ RN - 1.43

19 . ﬁé?é el S 3.4




APPENDIX B
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E BENER

FTS INCLUDED IN EMPLOYEE  EXPENSE
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éRINGE}BENEFITS INCLUDED IN RENUMERATION TO LABOR

Insured Benefits

- Life Insurance y
- Supplementary lospital Insurance
- Surgical Medical Insurance

Paid Leave Benefifk

Vacativeqg, >
Statutory Holidays '’
Sick Leave

Personal Leave’
Rest Periods
Retirement Leave

Pension ‘Benefits

- Company Pensien
Canada and Quebec Pension

Payment for Time not Worked -

- Grievance and Neqotiétion

-

Conditions of Empleyment

Food. Service and Facilities
Medical Facilities -
-~ Pravision of Autos’
,Parking Facilities .
Recreational Facilities
Club and Association Dues
. Long Service Award

Financial Benefits -

¢

- Severance Pay .
oo - Educational Assistance.
r - Discount Privileges (Concession Telephones)

]

. Paf Supplemgnt

t

! oﬁ
Unemployment 'Insurance

J
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ESTIMATION OF EMPLOYEE EXPENSE PER
JLIGHTED MANHOUR IN 1967

1. Caleulation of Total Weightediﬁanhours
3 Worked in 1967 by Type of Labor

‘ Weighted
A Manhours Manhours Total
*gta} Excluding Excluding Weighted -
Manhours Construction Construction Manhours
A B Loc =h/BxC
Telephone ‘
Operators 12,362 \ 12,362 . 8;281 8,281
Plant ‘
Craftsmen - 20,229 12,902 ) 12,892 20,213
Clerical (Non-~ - g/ - . '
supervisors) . 15,186 11,828 8,962 11,502
"+ Other (Non- ’ |
- supervisors) 7,509 6,517 . , 6,362 7,330
. Foremen &g : ‘ ' N
1 Supervisors . 6,423 . 4,908 ‘ 7,067 9,248
Executive & : : ' -
Staff 9,031 6,227 " 11,286 16,368
All Management 15,454 11,135 . 18,353 125,472
_Part Time 1,303 1,179 . 1.2’9 1,358
- i -t . :
+All Employees 72,694 56,578 " 56478 72,694
(ir . k4 . ¥
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N
"2. Calculation of Averaqe Wage per —
Weighted Manhour in 1967 .
‘ . Average
. Average . Total Total “Wage per
, Wage/ Average Wage Weighted - Weighted-
Employee ' Employees (AxB) Manhours Manhqur
a B C=AxB D E=C/D
‘000 '000" ’
Telephone ° - : ,
‘ Operators 3,731 6,946 25,916 8,281 - 3.130
Plant - .
S Craftsmen 6,425 9,935 63,832 20,213 3.158
' Clerical 4,287 8,425 36,118 11,502 . 3.140
. Other Noh- ’ : - .
Management 5,526 4,165 3,016 7,390“ 3.140
Foremen & N , Ce v
Supervisors 8,106 4 3,563 28,882 9,248 3.123
. . . ha
Executive & . ~
Staff 10,051 5,097 51,230 16,230 ' 3.130
All
Management 80,112 25,472 3.145 -
4
Part Time 2,821 1,517 4,279 1@958 3.151
Total 5,883 39,648 233,249 72,694 3.209
3. Calculation of Employee Expense pe
‘Weiohted'Manhour Excluding Con-
Struction in 1967 for all Employee
192,577,000 ~ _ _ g
~56,576 000 3.404 :
3
S \‘ . .
o_ / a2
/ ~ -
{
| = a i
N
\ ¢ - -~ -~ . i‘
! . . . é
v ' - g
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Adjustment Factor 3,404

: )
Telpphone Operators
< Plant Craftsmen
Clerical
[ Other Non-Management
Foremen & Sup%rvigors
. Executive and Staff
All Managemént
Part Time

. . ' Taotal

, 4. Calculation of Estimated Employec Expense
per Weighted Manhour in 1967 (Using

= 1.0608’

3.320
3.350
3.331
3.331
3.313
3.320

3,336

3.343
3.404
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POYTTOCRIPT

Sanoo the satenssron of this thesis, the Canadian
FrancpsrFt (omrayaecyan (CO7T L) hasg proposed a rate adjust -
ment procedur for te Jecomranications carriers.  Submissions
har e been yearod rogar iy this proposal and public
hearsrngs waidl be held, It 1s boped that some typrn of
mtomat, e rate adjustment procedure will be 1n effect by ‘
the and of 1975,

The C.T.C preposal and the automatic adjust-

ment procedare advanced in my study operate on a similar
basis. PRate adjustments are calculated as the value of
uncontrollable cost i1ncreases minus the value of expected
productivity gains. However, the uncontrollable cost
increase and the productivity offset are not determined in
the same way. Differences between the two proposais are
outlined below.

At present, thé C.T.C. suggests that unCOn?rollable
labour expenses be calculated using a wage and salary index
for the entire economy or a similar index for the actual
earrier. The index showing the lowest increase would be
chosen. With this method, the nagional wage increase wdgfa w
become a minimum guideline for company labour negotiations.

A more suitable approach would be to calculate a weighted

composite index of national wages and salaries for the
q\ .

major job categories of each carrier. I did not develop a

/
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new data serses for this pu;pogﬂ. Incfﬁ:d, the covrrgtion

of an automat ic ad]th§on¢vr1nugn wis 1lbactyated gnang

the 1index of actual increases an Fell Carady cenjoyen

expehse per employee. Further study 15 regquired an

4

this area. -
Since the bool value of depreciation represcats

a biased appraisal of true current dnllar depreciration

expense, Lt is not vqear how the effent of price 1in reases
on capital inputs should be calculated. The . 7T E‘ proposal
is to multiply current investment by the INnCrease 1n A
telephone plant price index. In my calculations, the total
book value of depreciat}on 1s multiplied by the 1n-rease
in the Implicit Price Index for Gro8s Busineasa Iixed Capital
Formation. The C.T.C. also 1includes the cffects of changes
in actual depreciation rates as part of aencontrollable
expensee. I can see no rationale for thig approach. Changes
in deprecjation rates do not result from uncontrollable price
increa-gc but ratﬁer from a conscious decision to invest 1n

’ plant with a different expected life.

Uncontrollable increases in interest expenses are
not included in the C.T.C. pnégosal on the grounds that the
rate of return on total capitalvshould be determined in a
public hearing and should not be subject té change between
hearings. My approach was to make the automatic rate adjust-

ment formula operative only when the rate of return on total

capital is between established limits and to include )

unrcontrollable interest expense increases in the calculations,

Using this method, the allowable range sor the rate of, feturn
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on totar capital 1s set anoa pabilic bearning {as th~ C.T.C,
teaquires) . However, only required chonges in the return
oo aly capital are excluded from the foarmula paovided
that the rale of return on total capital 1s within the
1llowable limits. Irn addition, the company has a definite

incentive to exeeed prodiuctivity abjectives and to keep
uncontrollable exponse i1ncreases below the established
limits, .I believe that this added incentive for efficient
minagement would offset any possible effect of reduced
rnqulatory'laq on manaqement decision making.,

Finally, thé C.T.C. proposal recognized the
theoretical advantages of a total factor produyttivity
measure. However, since few such 1ndexes are available
for comparisons, they propose that a l10-year average of
labour productivity gains by Canadian manufacturing be
used to specify the required productivity offset. In my
opinion, the potential for productivity gains is different
in each industry and each company. A fair productiwity
objective can only be de;ermined by examiniqg the performance
of the same company in the past under similar conditions.
Using this method, required productivity gains wouid be at
least as hi?h as those tRat have been dngnded under, the
cirrént regulatory process - and it 33 possible to épecify

the productivity objective in terms-of a total factor

productivity measurea ' o

In a capital intensive industry where a large = Mo

proportion of the labour input is also partially fixed,

3
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caprcrty utilazation and the potential o g b by
dains vary wicholy froom year tao oo ST e AT T
tevente growth 13 baelow average, Ch oo s ey

product qvity qgqains may alen be toelow ittt orae trends,

Some rethod 1o tcguired to set A ryr"wdhls prowitge gty

objective for each year. Aosarmple B0 -goar average of
historic gaitns 1s not sufficient Perhayps, the magyor
contribution of my thedis 1s the derelopront of a .

reliable short-term productivity forecasting aodel.,
Productivity objectives specified using this model
should guarantee that rnqx\xrnd yTpreverments an e rformanc e
are at least as hiah as those a hirved (n tre gt under
similar conditions. The productivity objec tive also Varics
‘from year to year depending on uncontrollable changes in
capacity utilization. This modification 1s neeessary f
application of an automatic adjustment proredurp‘xs to be
ferasible when sa}es are not growing at a uniform rate.

As described, there are several modifications
in the C.T.C. proposal which 1 wodld suggest . However,

their proposal definitely represents a step forward

in the field of public utility requlation. .

-
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