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EXECUTIVE  SUMMARY

1. The Project

The main purpose of this project is to measure and interpret the
growth in productivity over the 1952-76 time period for one of Canada's

major te]ecommuhications.firms,‘Be]] Canada. A second purpose of the

project is to estimate the effects on employment of the diffusion of two

particular technological innovations which occurred during this period.
The two technological innovations that are included in the analysis are

(1) the introduction of direct-distance diaTing facilities, and (ij) the

- introduction in central offices of modern switching facilities such as

~ Number 5 Crossbar, Electronic and SP1.

2.. The Measurement of Productivity

It is customary in economic analysis to use productivity performance
in order to measure a firm's progress in the presence of technological
innovations. The most satisfactory measure of the growth of productivity

for this purpose is that of total factor productivity growth - the propor-

tionate exceSs of output growth over input growth. It is generally agreed
that the most theoretically valid index of total factor productivity is
the DiVisia index based on gross output. We_have computed fhis index

and compared it to the official Bell Canada Laspeyres real value-added
index prepared under the direction of Robert 0lley. The rate of growth of

our index is 3.67% per year for the 1952-76 period'while the>Be]] Canada
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index grows at the .rate of 4.03% ber year. - A rate of growth of total fac-
tor productivity of 3.67% is very-impressive, being about 4 times the rate
of growth éxperienced by Canadian manufacturing during this period. It
should be noted, however, that this result is highly dependent on the
~constant dollar .output concept used by Bell Canada iﬁ its submission to-

the CRTC. Using an alternative measure of output - messages produced -
caused the productivity growth rate to fall to 1.38%. We believe that |
the 3.67% and 1.38% ffgures represent upper and Tower bounds to Bell Canada's
actual productivity growth rate. Due to the wide range observed in the
growth~rate§ computed using alternate reasonable defiﬁitionsvof output,

one of the major recommendations arising from this broject is the need

to devote more research effort to the conceptualization and measurement of

telecommunications service outputs.

3. The Interpretation of Productivity

It_fs common in the telecommunications industry to claim that the
impressive growth in total factor productivity since 1952 for firms such
as Bell Canada 1is evidence of rapid teéhno]ogica1 progress. However,
conventional measures of total factor productivity are not obtained from
direct estimation of a production structure which incorporates the effects
of technical change, but are constructed using more easily obtained
observed price and quantity data. Hence they contain the 1nf1uentes.of a
number of economic phenomena in addition to technical progress. Non-constant
returns to scale, non-marginal cost pricing, and rate of return reQu]ation

each cause the measured total factor productivity index to deviaté from an




index which could be thought of as measuring technical progress in its
"pure" form - i.e., technical progress which shifts the production func-

tions so that more output can be produced with the same amount of inputs.

Since these three phenomena are ]ike1y to be present in the telecommunicaa‘

tions sector, it 1s necessary to develop a method of separat1ng the effects

in order to interpret observed growth in the productivity index. We have

accomplished this task- theoretically in Chapter~4’0f~the report~and quanti-"
'tative]y‘in Chapter 7. We find that at least two-thirds of the observed

growth in total factor productivity can'be attributed to the effects of
non-marginal cost‘pricing and efficiency gains due to larger scale ﬁreduc-
tion. The remaining one-third of growth is estimated to be attributable
to effjciency gains associated~with the diffusion of the majorytechno]q—
gical innovations sthdied in this project - direet-distance d1a11n§ and
advancedvswitching facilities. It must be noted,'however, that the quan-

titative decomposition of productivity growth presented above is not

particularly robust to moderate changes in the data. A precise separation _

of efficiency gains into those due to larger scale production and those

due to the introduction of ‘innovative technology is very difficult, and

probably requires more extensive data than are current1y ayei]ab]e in the

- Bell Canada data set.

4. The Structure of Product1on and Aggregate Emp]oyment Effects of

Innovat1ons

The decomposition of the total factor productivity 1ndex discussed
in Section 3 requires knowledge of the product1on structure wh1ch can be

obta1ned from econometric est1mat1on of the cost function. In addition,
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employment effects of the diffusion of 1nnoVatioﬁs can a1sd be obtained
frbm an estimatedvcost function, as Tong as‘the diffusion is incorporated
explicitly into the specification of the function. _We have estimated two -
different specifications of cost functions. In the first instance, we
assume,BeT] Canada produces a single aggregate output and we incorporate
into the cost function one technological change indicator: the percentage
of te]ephdnes with access to direct-distance dialing faci]itfes (A). In |
the second instance, we disaggregate output into three service categories:
(i) local service plus miscellaneous, (i1) message toll, and (iii) other
toll (WATS plus private line). In thfé case we incorporaté two technical
change indicators: (i) A, and (ii) the percentage of telephones connected

to central offices with modern switching facilities (S).
' The major findings resulting from these estimations are as follows:

(1) A1l three aggregate 1nputs (1abour, capital, and materials)
exhibit own briée e1a§t1c1t1es less than unity (in absolute value) and
heﬁce demands are 1ne1ést1c. Labour and capital and labour and materials
are substitutes in production whereas capital and materia];’are,(weak) com-

plements in production.

(2) Diffusion of the technical innovations (represented by A and

S) results in reductions in the total cost of producing a given level of

output. For example, in the aggregate output case, an increase in A from

53% to 53%% yields a total cost saving of 0.12%. The pattern of cost
savings is different for the two innovations. Increases in A Tlead to

reduced Tevels of labour and materials and increased levels of capital, for




a given output. By . contrast, increases in S result in reductions in-

the requirements of all three factors of produetion.

'(3) Increases in diffusion of both A and S are accombanied
by substantial reductions in the emp]oyment 1ntensity of production qu
examp]e an 1ncrease in A from 534 to 53%% results in a 0.24% decrease 1n"
labour demanded per unit of output produced; wh11e an increase in S from‘
19.8% to 20.0% results in a 0.17% decrease in labour demanded Innovative 3

act1V1ty in telecommunications is Tabour- -saving and def1n1te1y retards employ-

. ment prospects in this sector.

(4) Reductions in average costs due tb larger scale production
are estimated to be considerab]e and of greater magnitude than - the effect
of innovative activity The increasing returns to sca]e phenomenon 1mp11ed

by these results is estimated (in the three output mode]) to be associated

~almost entirely with larger scale local service output. This result is

consistent W1th the view that the proviéion of local Services ts at the
centre of any natural monopoly that exists with respect to Bell Canada S
techno1ogy On the other hand, it is a1so cons1stent with our v1ew,
expressed in Section 2, that the constant do]]ar output measure -overstates
the trend in output growth. This is especially true for Tocal services, - -
where optiona](equipnent inC1uded.in the output tndex with‘a weight based
on the price charged (which exceeds the correct weight based on marginal
cost) has become an 1ncreasing1y‘important_component during the latter

part of the sample period.
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5. The Effects of Innovation on Employment by Types oflworkers

* We have utilized disaggregated labour data available for the

:i952—72 pekiod to analyse in some detai] the employment effects of the
'diftusion'of innovations. The Tabour categories used_were (1) telephone
operators, (2) plant craftsmen,'(B) clerical workers,'and (4) an aggre-
gation of other nonesupervisors, foremen and supervisors, executives,

and part-time workers,which we labelled "white collar workers". The model
used in this analysis 1svthe'two—stage cost functidh'mode]fcrigina11y
“developed by one of the authors (M. ‘Fuss) to analyse the demand fof.cate—
gories of energy (fuel oil, natural gas, electricity, etct)., According to
tte two-stage model as used in this project, a cost—hinimizing_firm is
envisaged as choosfng input levels.in two stages. In the.first stage the

firm chooses the proportions of emp1oyment by Tabour categories in order

to minimize the‘cost per unit of aggregate Tabour, given the output Tevel.

In the second stage, the f1rm combines aggregate labour, cap1ta1, and
materials to minimize the cost of producing the g1ven output. The tech—
nology indicator'used in this section of the analysis was A , the percentage
of telephones with access to direct-distance dialing facilities. The

major results of the’estimation were as follows:

(1) A]] emp]oyment categor1es exh1b1t 1ne1ast1c response to changes
in their own prices except the operators category wh1ch exhibits elastic
response. A1l labour components are substitutes except_p1ant craftsmen

and clerical workers which appear to be complements.

(2) The effects of innovative act1v1ty on the mix of emp]oyment are

particularly str1k1ng For a given level of output, an 1ncrease in access



to directrdistahce'dia]ing_faci]ifies is accompanied by a decline. in

employment.of operators and clerical workers and an increase in employment

of plant craftsmen and white callar Employeeé;; Hence the decline in total

employment caused by diffusion of‘new'techno1ogy‘noted in the previous sec-

_tion masks interesting changes in thé mix of employees which can only be _'

discovered by a disaggregation of the 1aonr category. In’addifion, increases

in. A vresult in increases in capital 1nténsity. This fact shows clearly

the substitution of capital for the labour catégories of operators and

~ clerical workers and the complementary relationship -between capifa1_énd

the other two categories which accompanies the diffusion of the direct-

distance dialing innovation.

6. Summary

In this project we have measured total factor productiviﬁy growth
for Bell Canada and developed é framework within whichApfodUCtivity growth
can be-interpreted. While on the surface Bé]] Canada's productivity growth:'

rate appeared impressive, this fact does not nécessari]y méan technical

progress was similarly impressive. Problems in output measurement, the-

effects of scale economies, and non-marginal cost pricing practices com-
bined to cause total factor productivity growth to overstate the efficiency

gains due to innovative activity.

We have also demonstrated ways.in which-the effects of particuiar
innovations can be incorporated jnto econometric éstimation of "the charac-
teristics of Bell Carada's technology. Within this framework the employ-

ment. effects of the diffusion of new technology were.anaTyéed.' The increases |
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in telephones connected to -direct-distance dialing facilities and modern

switching facilities were both aécompanied by reductions in the empToy—

ment intensity of production. For particular labour categories, increases

in access to DDD facilities resulted in emp]oymeht losses for opérators
and c]ericai,workers and empioyment gains for plant craftsmen and white
collar workers. The emp]oymeht effects of innOVative activity were sub-
stantial. :An especially striking effect was the reduction in employment

opportunities for operators.
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in order to measure a firm's progress in the presence of technological ' |

innovations. The most satisfactory measure of productivity for this pur-

Chapter 1
Introduction

One of the earliest revolutions in the information economy was

the invention and practical adoption of telephone services. Basic tele-

bphoneAserv1ce is accepted in North America as a necessity not far beyond .

food and shelter. In the first half of tﬁis century, the te]ephone_in
some form was installed in a very high percentage of Canadian dwelling
units. Siﬁce the 1950s the acceleration of 1nnovatﬁbh in e]ectrica1
engiheering and solid state physics has provided a knowledge base for what
many beljeve will be another major revo]dtion in communications. The intro-
duction of this new technology is expected to have considerable impact
in the futere on productivity and emp1oyment in fhe telecommunications
sector. A know1edge>of these effects is necessary for the development of
intelligent policies within the Depértment of Communications.

One input into future pd]icy formulation is a.detailed knowledge of

the past effects of innovations. In this report we present a case study

- designed to provide this knowledge - an analysis Of’productivjty and

emp10yment changes over the 1952-76 period for one of Canada's major tele-

communications firms, Bell Canada. In particular we concentrate on the

links between the introduction of new technology such as direct—distance
dialing facilities and modern sWitching techniques, and changes in produc-
tivity and employment. |

It is customary in economic analysis to use productivity performance

pose is that of total factor productivity. Total factor productivity is




- a means of evaluating intertemporal changes in a firm's production proeess.
However, underlying the computational method employed in moving from a
postulated production process to the observable prices and quantities

used in the construction of an index of total factor productivity is the

imposition of a number of assumptions. These assumptions include the exist-

ence of constant returns to:scale, marginal cost pricing, and a lack of

administrative intervention in the marketplace (e.g. rate of return regula-

tion). For regulated industries, the above assumptions are often inappro-
priatet When conventional total factor productivity indices are calculated
-in these inappropriate situations; biased measures of technical change
result. In order to eliminate the biases, structural information about

| the production process is needed. This information can be obtained by
estimating the firm's cost function. As we demonstrate in Chapter 4, ele-
‘ments of the cost function which are of particular importance to correct
measurement of the relationship between total factor productivity and
technical change are cost elasticities (with respect to outputs) and the
value of the Lagrangian multiplier in the rate-of-return model. One result
of special interest emerges which has not been previously noted in the
regulation Titerature. For firms which are subject to effective rate of ‘
return reguiatipn, there exists a_productivity'measurement analogue to the
Averch-Jdohnson Qver-capitaiization effect.] For example, we show that

in inflationary peridds when the prices of expensed factors of production
and the aiioWed rate of return are increasing, measured total factor pro-
ductivity using conventional indices always overstates true productivity.

This result is also deveioped in Chapter 4.




The emp]oyment'effects of_techno]ogica1 change can be obtained“from;

an analysis of the firm's demand functions for various categories of Tabour.

These demand functions can be obtained directly from the estimated cost

function using Shephard's Lemma. The nebessary_relationships are developed
in Chapter 6; | _ o

Estimation of Bell Canadé's cost function plays a central role in
the interpretation of the growth of total factor productjgjty‘and fhe deter-
mination of the employment effects of innovations, thus it is necessary

that estimates of the cost structure for Beil Canada be provided. The

required estimates are presented in Chapter 5, and extended in Chapter 6

to anAana1ys1s of the.émp1oyment effects of technological 1nn0vat10ns,

Finally, in Chapter 7 we combine the conceptual results of Chapter 4 and

. the empirical results.of Chapter -5 to analyse the"discrepangy between total

factor productivity and technical change which results when the assumptions
of constant returns to scaTe, marginal cost pricing, and a lack of effective

rate of return regulation are incorrect.



Chapter 2

Bell Canada and Canadian Telecommunications

2.1 Introduction

Bell Canada is the largest telephone company in Canada. It provides: -
telecommunications services primarily in the popU]ous,provihces of Ontarid
and Quebec. A private company, Bell Canada earned profits of $233 mi]]ioﬁ
on sales of 2,133 million in 1977. At the'begiﬁning of our sampfe period,

1952, there were 2 million phones in the Bell Canada network used to p1ace

'approx1mate1y 3 billion calls. By 1977, 12 billion calls were placed -

using 8.5 million phones. In 1952, the network was run by about 30,000
employees using a capital stock of 626‘mi1Tion éonstant dollars. By 1976,
48,000 employees and a capital:stock of 4 billion constant'do11ars were
servicing the Bell Canada system. A wide variety of telephone and tele-
communications services are provided within Bell Canada's geographic region.
Be11 is linked with other Canadian companies thkough the Trans-Canada. Tele-.

phone System"and internationally through Teleglobe to offer'toli services

~ throughout Canada and the rest of the world.

A11 Canadian te1ephone companies are: subJect to some form of regula-
tion by the governments of Canada. In Manitoba, Saskatchewan and Alberta,
telephone services are provided by public entekprﬁses regulated by a vafiety‘
of direct government controls. Bell Canada is a private company with a
federal charter and is subject to regulation by the Federal Government.

The Canadian Radio-Television and Telecommunications Commission (CRTC) is




directly in chargé of régu]ating Bell Canada.

Regulation has recently taken the form of a constraint on the per-
mitted upper levels of the rates of.return on total capital and equity
_capité]. This is a very complex procedure since detailed accounting issues
become sources of strong disagreement. Rate changes must be approved and:
rateé are supposed to be just and reasonable. In practfce it is very

difficult to know that rates are either just or reaSonab]e since detailed

information about company practices is not widely available. There is 1ittle

doubt that the flat rate charged for the basic level service is politically
~constrained. As an implicit social policy this service is thought to be

a necessity that should be available at a low flat monthly rate.

During the Tast 25 years, many -specific technical innovations have
“been introduced.. -Perhaps the most significant one is Direct Distance Dial-
~ing (DDD).. Beginning in the late 1950s, DDD is now available throughout

most of the urban areas of Bell's territory. It was clearly this change

that permitted Bell to substantia]]yAreduce the number of telephone opera-

tors that it employed. Before DDD can be implemented, additional switching
equipment is required in order to monitor usage. In.1952, step—by—étep,
switching Was predominaﬁt. By 1965, most of the older, pre-step-by-step
switches had been eliminated and Number 5 Crossbar switches had grown

- rapidly.. Since 1965, sfep-byfstep switching has remained stagnant in
~absolute terms. Growth was taken up by Number 5 Crossbar and, since 1972,
by rapid growth in electronic switching. In Chapter 5, we use some indica-
- tors of the rate of adoption of these innovations in our estimation of the

changing characteristics of the production process.




]

2.2 Growth of Outputs and Inputs

To present a quick picture of the growth of Bell Canada, the
rates of growth of total revenue, aggregate real‘output, total costs and

aggregate real inputs. have been calculated for several sub-periods of

1952-76 (Table 2.1).

Total revenues have grown at average rates that exceed 7.8 per cent :

a year in all sub-periods. Revenue growth slipped over theifirst fiftéen '
years but has climbed sharply during the past ten yearé. If we exfract

the effects of-brice‘changes, aggregate output has grown at a somewhat
stabler but still high rate. The very rapid grqwth in the midd1e'19505 has
névef Béén equalled. Primarily, this was a period of very rapid growth in
the number of main telephones and new subscribers. This rapid increése ﬁh
new customérs was never achieved again. Until the-1970s,-aggregate QUtput::
had grown almost as quickly as total revenue. This indicates the modest

price increases that characterized this period.

Total costs have grown more rapidly than total revenue in four of thé
five sub-periods portrayed in Table 2.1 . Costs'are ca]cu]ated to include -
a user cost of capital. Consequently, these costs are not equivalent to any
cost figures ca]cu]ated‘by the company. A detailed description of the vari-
ables used is included in thelAppendix; *In general, costs increased very '

rapidly in the first period and during the last decade. If we consider the

~growth in aggregate inputs we can.understand the growth in costs. After the

first period, there has been a dramatic decline in the growth of real inputs.

From a high average rate of increase of 8.5 per cent a year in 1952-57, the

growth rate has fallen to below 5 per cent for the following twenty years.



TABLE 2.1

© Growth of Outputs and Inputs in Current and Constant Dollars,
Bell Canada,/]952—76

(percentage rates of growth)

Revenue Output . Cost Inputs

1952-57 9.9 9.7 105 _ 8.5
1958-62 | 8.8 7.8 7.3 4.8
1963-66 7.8 8.0 ' 8.0 4.9 .
1‘967—70 9.4 8.5 10.5 .3.8

1971-76 1.7 8.3 - 13.4 3.9
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Within this latter period Bell was able to reduce the rate of growth of

inputs by a further twenty-five per cent in the last decade.

Since output growth has shown no tendency to decline over the past

© twenty years, we can infer that the sharp decline in the growth of inputs -

impTies impressive productivity growth. Productivity growth will be

anaiyzed in detail -in Chapter 3. It is useful to coﬁsider how each out-

put and input ‘has contributed to these aggregate patterns;

“In Table 2.2, the average annual rates of growth of rea] output for

Six aggregate outputs- are d1sp1ayed Local Serv1ce.(co1umn one) is the

‘Targest-output that Be11"produaes. ;Throughbut most .of thé quarter century;'

constant dollar local service output has grown at roughly seven per cent.

The‘only period of more rapid growth was the mid 1950s. It must be remem-
bered that Tocal services include seventy-five or eighty sebarate]y priced -

services. " Some of the most rapidly growing items are auxiliary equipment

serviceé for which separate data are not available.

The next three aggregate’outputs'comprise message toll outputs. A
substantial difference exists in their growth rates. Intra-Bell message

tol1l has grown much more slowly than the two Tonger distanqe toll cate-

gories. Intra-Bell toll is the largest of the message toll outputs but the

other two types are rapidly catching up.

The final toi] cétegoryis “6ther tol1". This is a mix of WATS and
private Tine services. It is‘'in this area that many of the specialized
data transmissions services are included. Aithough other toll has not
grown at significantly higher rates than the non-Bell message‘toll, it is

expected that future growth may be high in this area. The ]ast’aggregate



1952-57
1958-62
1963-66
1967-70

- 1971-76

Table 2.2

Average Rates of Growth of ReéT OQutputs, Bell Canada, 1952-76

(percentages)
Local 3 Bell-Toll Traﬁs—To]] U.S.-Toll Other Toll" Misc.
9.23 8.23 22.60 14.98 3047 7.85
7.34 .7.68 - 12.43 © 6.55 16.72 7.62
6.83 7:85. 12.06 * TR 19.9¢ 1.42
7.03 9.29 12,25 1n.78 14.97 6.82
7#31 8.58 15.60 - 14;03 12.78

-7.22
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output is a mixture of miscellaneous revenues that were approximately

five per éent of total revenue in 1967. The negative rate of growth

during 1971-76 is due to the formation of Tele-direct, a separate corpora- -

tion to handle directory advertising.

‘Aggregate output has been growing at an average rate of over eight
per cent a year for the last f{fteen years. The very rapid'grqwth in
longer distance meésage tol1 ‘and other toll has only:managed‘to raise the -
aggregate output growth -about one per cent abbve the growth rate for Tocal
service outputs. The continued importance of the Targe local service output
is eVidentfin*these figures. |

Throughout most of the study we are concernéd with only(three.aggre-

gate inputs: labour, capital'and materials. The rates of‘growth of these

inputs have had very distinct and different patterns. These are shown in

Table 2.3 .

For all three inputs, very fast rates of growth were experienced
from 1952-57. HoweVer,lin the four later periods*fhe individual patterns
diverged} Labour 1nput actually declined from 1958-62 at an annual average
rate of two ﬁer cent a year. This was ﬁrimarily due to the introduction
of Direct Distance Dialing. Labour inputs grew modestly during 1963—66 and

1971-76. 1In between, from 1967—70 1abour growth was practica11y zéro

It would appear that Bell went through a belt- t1ghten1ng period in the

Tate 19605

In real terms, the growth of the capital stock has continuously slowed

From 1952-62, growth was at a rate above ten per cent a year. Since that

~time the growth rate has declined stead11y, falling below five per cent



Average Annual Rates of Growth of Real Outputs,
Labour, Capital and Materials

1952-57

1958-62

1963-66

1967-70

1971-76

11

Table 2.3

(percentages)
Labour - Qgpita]
5.05 -11.74
-2.00 10.02
| 2.37 6.69
0.13 5.71
2.53 4.40

Materials

9.71
6.04
4.72

4.33
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throughout the seventies. Material inputs have also grown at slower rates

through time.

Overall, it may be said that in the last fifteen years inputs have

grown much more slowly than in the first decade. The exception for Tabour,

~is due to a major technological change.

- 2.3 Difficulties in the Measurement of Output

BellﬂCanada:se11s an enormous variety of outputs and the diversity
in products has 1ncreased.dur1ng the last twent&—five years. The best
available output measures are those produced by Bell Canada. These are
the primary measures that we have used and they are discuésed in the‘ﬁéta_ ;
Appendix. In this section, we wish to introducé an alternative output
measure that'111ustrates some of the difficulties with accurately measuring
outputé when there are a Tlarge number of products. The alternative meé—

sure of aggregate output discussed here is an underestimate.of Bell's out—

put and must be interpreted as an example.

The largest share of Bell's révenue comes-fkbm Tocal services and
toll message revenue. In these areas, the telephone network produces tele-
phone calls both Tocally and throughout wider geographical areas. Suppose
we measure output by the number.of cé]]s for each of these services. Local’
service is currently sold at a flat rate per unit of tfme based on the

number of phones that can be reached in the local exchanges. Substantial

local service revenue is derived from auxiliary services charged on a recur-

ring or non-recurring basis. Our alternative local service output quantity

is the number of calls. If one makes a local call on a red Contempré
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touchtone extension phone with a long cord one may be making an expensive
phone call under current pricing schedules but it is still a local call.

The price of local service output is the implicit price, given the output

quantity and the total Tlocal servfce revenue. OQur a1térnat1ve estimate
of 1oca1 service output is similar to an output measure unadjusted. for
“quality change. Oufpuf growth is understated while the rate of increase’
in price is overstated. It might be_an.indicator of the minimum rate of

growth of local service output;

For toll message output, the current Bell pricing schedules charge
by time, distance,'time of day, day of week, and type of call, at least.
“Using fhe number ofvt011 calls underétates output predominant]y because
" the distance. factor is not included. There has been a significant rela-
tive shift of toll calls into the Targer distance bands. The price of toll
message output is the 1ﬁp1icit price given total toll revenue. This is

_another indicator of the minimum increase in output in these services.

It is beyond the scope of this report to discuss a preferred out-
put measure. However, the following important issues are involved in
correctly measukihg output. If the prices of many serviceé do not equal
their marginal costs then output aggregation using prices will be incorrect.
- Cross-subsidies will be present in these cases. Further, monopoly rents
‘are being generated and redistributed among services by this process. In

this report we can only indicate some rough indicators of the quantitative

differences. -
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, If our a1ternatfve call measure ofv1oca1 service output is substituted
for the standard measure, 1oca1 output growth is reduced by about 2 pér cent
a year. For toll calls, the switch fo nuhber of calls reduces the rate of -
growth of output by a larger amount. A crude guide to the magnitudes
that might be invo1ved 1n:changing output definitions can be seen from
Table 2.4 . The value of seven indicators in 1976 (1952 = 1.00)-are shown.:
Constaht dollar Tocal service revenue (line 2) is much Targer than local
calls (Tine 1) or any of the three measures of the number of telephones

(items 3-5). Similarly, the constant dollar toll revenue indicator is

64 per cent larger in 1976 than the indicator of the number of calls..

In Chapter 3, we will report on a productivity index based
on substituting the number of Tocal and toll1 calls for the constant dollar -

output measures in these two areas. Al1 other output and input variables

. will remain the same.
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Table 2.4

Alternative Output Indicators, 1976
(Indexes 1952 = 1.00)

tocal calls, number

Tocal service revenue, constant dollars
telephones, number '

residéntia] main stations, number
business main sfations, number

toll calls, number |

message»to11'revenue, constant dollars

w &

[e))

.85
.81
.03
.35
.63
.19
7
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Chapter 3

The Measurement of Total Factor Productivity for Bell Canada

3.1 Alternative Measures of Productivity ‘

Prpductivity measures héve'been cd]cu]ated for a long period of
time. Historic&]]y,‘1ébour productivity has been the most common meaSure
computed. In a rough'senée output per unit of 1abour.1nput is almeasure
of the capability of mankind to utilize his-]abbur to produce output. The
focus on Tabour suggests that it was the we]fare of individuals that the
concept was initially deéigned to measure. More output per unit of work,
fdr whatever reasons, permitted the community to be better off through an
increase in output per unit of labour or a decrease in Tabour per unit of .
outbut. Labour broductivity can be thought of as a crude indicator of
welfare. |

App]icatfons of productivity measurement.in_feéent years have tended

to de-emphasize the welfare aspect and replace it with an emphasis on over-

» all productive capability. The productivity measure corresponding to this

new emphasis is the total factor productﬁvity index which measures the out-
put pef ﬁnit of .aggregate 1nﬁut. Labour is no Tonger 5?ng1ed oﬁt since
all inputs are taken into account. Nevertheless the total factor produc-
tivity measure may still be'felated to welfare. The capability of all

resources to contribute to output indicates the potential outputs that the

community's resources can produce and hence the potential welfare levels

which can.be attained.

‘The two concepts - Tabour productivity and total factor productivity -
can bé re1ated.to one another in the following way. Suppose that labour
and other resources, called capital and materials are used to produce -output.

It can be shown that the rate of growth of Tabour productivity equals the -
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rate of growth Qf total factor productivity plus the weighted rates of
growth of the capital and materials intensities . of production.] ‘Thfs
simply states~that_]abourvproductivity grows because workers have more
other resources per person to work with as‘well as_because all resources
.are becoming more productive, increasing total factorfbroductivity. The
specjffc relationship between labour productivity and'tota1 factor produc-

tivity is given by

LP = TP + s K/L) + s, (ML) (3.1)
where
Lb = ‘probortiona] rate of growth of labour productivity
TﬁP = proportional rafe of growth of total factor productivity
(K)L) = prqpbftiona1 rate of growth of capital intensity
(M}L) = propoktiona] rate of growth of materials intensity
Sy = share of capital in total cost
sy = share of materials in total cost

“The rates of growth of the capital and materials intensities are weighted
1y 2

by capital's share and material's share in total cost respectively.
Durihg‘the-peridd 1952-76, Bell Canada's production structure was

characterized by increasing K/L, M/L and Sy and by relatively constant
sy Hence from (3.1) it can be seen that Tabour productivity increased
more rapidly than fota] factor productivity over this period. This |
analytical result is 111ustrated using Bell Canada data in Table 3-1.

-Note that the contribution of total factor productivity growth to labour
- -productivity growth'is less than 100% in all sub-periods consideked. Hence
* - Tabour.productivity .growth exceeds total factor productivity. growth in

all sub-periods.
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TABLE 3-1

Analysis of the Growth of Labour Productivity

Period Growth of Labour Re]ative,Impoftance of Alternative .
' Productivity Contributors to the Growth of

Labour Productivity (in %) ﬂ

LP o TFP - s (K/L) ;M(M/L)

1952-57 : 4.6 ‘ 22.0 56.8 21.2
1958-62 9.8 29.6 56.8 13.6
1963-66 5.6 | 51.9 41.4 6.7
1967-70 8.4 56.7 35.4. 7.9

1971-76 ' 5.8 . 80.2 12.1 7.7

The above results utilize estimates of total factor productivity
which as yet has not been carefully defined. We now turn to the'defﬁni-

tion of total factor productivity used in this report.

3.2 The Divisia Index of Total Factor Productivity

From a conceptual point of view, the most defensible method Of'aggre—

gation for use in'productivity'ana1ysis.is_Divisia-aggretaﬁion. ~ This fact

has become well-established through the research of Jorgenson and Griliches

(1967), Richter (1966), Hulten (1975), Diewert (1976) among others.  For
our purposes the most. important feature of Divisia.aggregation is the fact
that- it produces a chain index with continuously shifting weights. Diewert

(1976) has shown that this fact means fhat thé'phoductivity index obtained
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could have been generated by a seoond.order aoproximation to any arbitrary .

production functioh. "By contrast, a Laspeyres aggregate index with its

constant weights3 is consistent only with a hyperbolic (Cobb—Doug1as) prod- .

uction function. Recent empirical evidence (Fuss and Waverman (1977))
indicates that the Cobb—DougTaﬁ function is too restrictive é functional
- form to adequéte]y'represont Bell Canada's.technoTogy.

The Divis{a index of total factor productivity is obtained io the
following way. First we define total factor productivity (TFP) as the
ratio of aggregate output (Q) to aggregate input (F). Aggregate output
(input) is an index of disaggregated'outputs (inputs).  The Divisia indices
for aggregate output (Q) and_input (F) are defined in terms of proportionate

rates of growth (Q'and ?) as

. P.Q. . _
N (3.2)
J
where
Pj = price of output j
Qj = quantity of output j
bj"= proportion rate of gfowth of output j
R = 1% P.Q. = total revenue
j “J
and
. Wixi . , :
‘where
w; = price of input i
- X; = quantity of {input i ~
X% "= proportionate rate of growth of input i
c =z Wixi o= tota1 cost

i
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Since TFP = Q/F, the proportionate rate of growth of total factor ..
productivity,(TﬁP) is defined by V

TP = Q-F o (3.8)

The formulas (3.2 - 3. 4) are in terms of 1nstantaneous changes For

data obta1nab1e at yearly 1ntervals, d1screte approx1mat1ons to the continuous

formulae (3.2) and (3.3) . can be def1ned by

n

Mog Q = 10 (Qu/Qu_q) =% I (ry, + r5 1) Tog (Q,/Q; 4 1)
A _ AL :

'where th = -quantity of j produced in period t

P..0, - :
r. = —JE—JE— = vyevenue share of output Q, in total revenue
J during period t
and
Alog F = log (Ft/Ft-T) =4 ?_(Sit.+‘si,t-1) log (X /X1 ‘e ]) - (3.6)
where X., = quantity of input X, used in period t
Siy = (wixi)/z wiXs the cost share of input X in the total

;
cost during period t.

Finaily, a discrete approximétion:to'(3;4) is pfovided by .
ATFP = AQ - AF (3.7

Choosihg‘the index to equal 1.0 in a particu]ar-year, and accumuTéting the
measure in accordance with (3.7) provides'éstimates of what we call the

conventional index of total factor produbtivity. As we_demonstkate in

section -, the conventional -index when linked to the theory of production
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1mp11és constant'retdrné to scale, maréina1‘cost,pr1c1ng and an absence of
a rate of return constraint, as well as cost~min1mizing behaviour. This
index requires modification. when the abpve assumptions are incorrect. The
modifications are developed in section . However, before procéeding,
to an analysis of total factor productivity indfces in terms of the theory
of production, it is useful to describe the'performance of Bell Canada

~ for the 1952-76 peri0d~as measured by the conventional Divisia index of
total factor productivity.

The productivity indexywas ca]cU]ated'using seven outputs, seven
labour inputs, a capital andkd*mgterialg input index. The data are exp]éined
in an appendix on the Bell Canada data. The index.from'1952—76, with
1967 = 100.0 is shown in Table 3-2. Thfs index grew at an average annual
rate'of 3.67 per cent a year which is a very'rapid growth in productivity. -
For comparison, in Canadian manufacturing, a éomparab]e index grew at on]y
one per cent a year. .Be]] Canada's’performance wés far aboye the manufac-
turing sector's performance.4 |

While éverage productivity growth was rapid, there waS'substantial
variation within the period. In Table 3-3 column one, the average gfowth
of total factor productfyity is shown for several sub-periods. .Productiyity
has grown at a much faster rate after 1958. Until 1970, this growth was
incredasing durihg each sub-period. A levelling off in the growth rate of
productivity has occurred during the_197Qs. N

To understand the importance of total Faétor:productivity in accounfing

for the growth of output we can make use of theAf011owing fe1ationship

Q = TFP + L + s, K/L + 5, WL  (3.8)
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TABLE 3-2

1952

1955

1960

1965 -

. 1970

Average:

1975
1976

1952-76

. Index

(1967 = 100)

66.9
 68.4
. 68.7

68.7
68.9
71.2
7.16
73.8

75.
78.
82.
83.
86.

D> U1 0 o

89.
93.
100.
104.
108.

Ol N O N O

112+
112.
118.
125.
132.

O P~ oy &

144.0
147 .4

~ Rate of Change

_(percentage)

2

w o N W RN w o w o o

T o W

.23
0.46

.05
.33
.19

.54
.03

.75
.76
.97
.84
.48

.61
.45
.54
.64
.53

.91

.23

5.20
5.62
5.81

8.01
.34

.67




23

-TABLE 3-3

Determinants of Total Factor Productivity Growth

Relative Importance of Alternative Contri-
butors to the Growth of Output (Q)

TP Q  TFP L sy (K/L) sy(M/L)
1952-57 1.4 9.7 13.4 51.0 27.4 8.2
1958-62 3.0 7.8 37.9  -27.9 72.9 17.1
1963-66 3.1 8.0  37.0  29.9 28.7 4.4
1967-70 4.7 8.5 55.3 1.2 36.2 7.3
1971-76 4.5 8.3  48.4 28.7 15.7 7.8

The second column of Table 3-3 snows the rate of growth of output
b. The remaining columns show the relative 1mportance of growth in total
factor productivity, labour, capﬁta]_intensity and materials intensity in
the growth of output. These columns add to 100 per cent and are the
individual terms in (3.8) converted to percentages

From 1952 57 output growth was very high but total factor produc-
tivity was -Tow and contr1buted only thirteen per cent of the growth in out-
~ put. Over half of the output'growth nas acconnted for by the grqwth in
labour. Increased capital and matenials‘per unit of Tabour accounted for
the remaining thirty~six per cent of output gnowth. |

The peniod from i958—62 is perhaps the most‘interesting. .Output
grew mere s]ow1y71n this period but'total factor’product1Vity accelerated
and grew at double A.the rate of the earlier per1od A]though output

grew rap1d1y, 1abour 1nput actua]]y fe]] at an average rate of over two per

nE 0 B S g o e
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cent ‘a year. As a consequence, productivity growth became much more impor-

tant.. During this period almost forty per cent of the outpUt growth was

‘due to productivity. Since labour was declining, the intensities with

which capital and materials were combined with labour substantially increased.
For the next two sub-periods, 1963-66 and 1967-70, output grew af
8.0 and 8.5 per cent respectively, and productivity accounted for about 37%
and 55% of growth. The major difference in the sub—periodémwas'thé return
to steady labour growth in the first period and almost zero labour gfowfh
in tHe second period. ‘
Since 1970, both output and total factoriproductivity‘have grown

s]ight]y more slowly than during.the 1967-70 period. The grbwth in Tabour

has increased and is at a rate comparab]e:to the 1963-66'peﬁ10d: 'The:rela—

tive importance of productivity growth remains high, but has slipped some-

what from the very high level of the 1967-70 period.

3.3 A Comparison of Two Alternative Total Factor Productivity Measures

for Bell Canada

Under the direction of Professor Robert 01ley, Bell Canada has pre-
pared gstimates of productivify sincg 1952. .These estimates dfffer from
the ones reportéd in this paper primarily because of differences in the
methodo]dgy. Smaller vériations arise from the changes in the défa that we
have described in detail in the'Data Apﬁéhdix. |

Since our methodology has(been.described in section 3.2, the emphasis

in this section will be on c]arffying,the differences by analyzing the Bell

Canada methodology. OQutput is measuréd by real va]ue-added in 01ley's

studies. From aggregate gross output, aggregate real materials are sub-
tracted to measure double deflated real value-added.  Both .outputs and

materiais are‘aggregated using a Laspeyres QUantifyvindex with 1967 = T;OO.'
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Our methodo1ogy uses real gross output, not real value-added, as the'output
measure, © Qur indexes are. discrete approximations to~the Divisia index and
not Laspeyres 1ndexes |

For aggregate gross output and real mater1a1s, the use of d1fferent

index formulae creates almost no difference in the two sets of results over

-~ the who1e period ' A]though grosstoutput must .grow faster'than real value-

’ added, 1t may be shown that va1ue added measures of product1v1ty will grow -
_more qu1ck1y than’ gross output product1v1ty measures "Th15~1svshown, for-

examp1e, in May and Denny (1979).

; On the 1nput s1de only primary 1nputs, cap1ta1 and labour, are aggre; |
gated (US1ngAa Laspeyres quant1ty index) in the Bell study. - Primary |
inputs and reai'mater1a15'ane aggregated in-this study to form an aggregate

’1ndex of all 1nputs (us1ng an approx1mat1on to the D1v1s1a index).

Ignor1ng any differences. in the data, 01ley's methodo1ogy wou1d 1ead
to;1arger‘1ncreases in tota1'factor product1v1ty than the'methodo1ogy used
in this study/' As stated above,. this fact is due to 01ley's use of va1ue—
added output rather than gross output
| There are two reasons to prefer our methodo1ogy F1rst, real: va1ue-
added output: measures 1mp1y that the under1y1ng production technology is
separab]e, iles, it may be written Q = (g(K L),M). Doub]e deflated
‘rea1 va]ue—added measures requ1re that the techno]ogy be of the: form _

Q= (g(K, L) + h(M)). Our tests have rejected these restrictions on the :
Aproduction’function for Bell Canada. Consequently‘gross,output is the
AAsensib]e measure of output. | | |

While the choice‘ofiindex’numbers does not alter the aggregates sige*:

“nificantly, there are theoretita]lreasonsffor‘pnefenning;the Divisia appro- |

ximation. -As noted in section 3.2, the Divisia:index is consistent with
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a secondﬁorder appfoXimatjoh'to any arbitrary production-function. The "
Laspeyres index used by 011ey fmp11es that the productiqn functionyis Cobb-
Doug1a§ (a first order approximation). Our test results (and those of
Fuss and Waverman (1977) reject the Cobb-Douglas model and thus<fufther con-
firm the va1fdity of our methodology.

'There aré a numbef of small differences in data and one major one.:

The latter will be discussed first and the otherS“briéf1y'mentioned. In our

study, capital services are measured in a different manner from that used

in the Bell Canada studies. The Bell method is as follows. Constant
doTlar capital services equal the constant dollar capité1 stock multipTied-

by the ratio of capital service income in 1967 to the value of the capital

‘stock in 1967.- In 1967, the constant dollar capital‘éérvice input equals

thé value of the capital income, (value-added minus 1abou} costs). ~ In all
other years, the index of capita]vservices7equals the constant dollar éapita]
stdck weighted by the 1967 share of capital in value-added (a constant).
The constant share has a value of 66.3 per cent of value-added.  Our method
also weights the constant dollar capital stock by the sharé of capital.
HoWever, our share of capital in value-added is variable, ranging from a
low of about 40 per cent in the early years to a high of 57.per cent.in the -
later years. Consequently,. capital is more‘important\in_011ey's;measuré<
of aggregate input. Since the capital service input grows.huch,faster.than‘
labour or materials, 011ey's,higher‘weigﬁt implies that his index of aggre-
gate input will grow much more rapidly than ouf index. The:morerrapid
growth of aggregate input will reduce hfs growth in productﬁvity relative
to.ours if ours were ;omputed on a va]ue—addea.basis. |

"Why are ‘the cébita] shares so different?. Ours are.variable and

increase somewhat erratically from 1952-76. However,.in”1967 our share fis.
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56 per cent of value-added compared to O]]ey's 66 per cent. The difference

arises from the treatment of profits. Olley attributes all residual income

to capital after the subtraction of labour and materials costs. Our method
explicitly calculates a user price. This‘price times the quantity of capital ser-

vices does not equal total revenue minus labour and material costs. A residual

remains that is economic profit above normal profits.  Our method reflects
the opportunity costs of capital inputs to Bell Canada while Olley's does

not. This explains the difference.

Other data differences are too small to significantly alter our results

or any comparison with the Bell Canada series generated under 011eyfs direc-
tion. As described in the data appendix, wé have changed the materials
series. Olley used a materials series that was the suh of materiais and
indirect taxes. We did not wish to treat indirect taxes as an input. The
new matéria]s input series is much smaller than OlTley's series. For pro-
ductivity measurement (in contrast with econometric estimation), this ;hange
made very little difference in our results. It would probaB]y tend to
raise.O]]ey‘s productivity series modestly.

The two indexes of productivity are shown in Table 3-4} The O11ey'
index grew at an average annual rate of 4.03 per cent compared to 3.67 per
.cent for the Denny-Fuss index.-- The O11ey index should grow faster since
'rea1.va1ue—addéd productivity index must grow faster. However, if we
roughly convert our index into a real value-added index, the growth rate
would have been 4.6 per cent a yéar. This is higher than the 01ley index

and reflects the very high capital share weight used by 01ley which 1owered

.. his, index.
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TABLE 3-4

Bell Canada Productivity, 1952-76
(1967 = 1.00)

Bell (011ey) Bell (Denny—Fuss)

1952 - 0.57 - 0.67
1955 0.60 | 0,69
1960 .73 . 0.7
1965 | 0.90 0.90
197 1.00 ' 3 1.00
1970 . 1.13 1.13
1972 1.19 1.19
1976 1.48 | .47
rate of \

growth 4.03% 3.67%

3.4 Total Factor Productivity of Bell Cahada Using A]ternative-dutput
Measures

We'completé the measurement of‘toté1 factor productivity chapter by

 demonstrating the sensitivity of TFP growth to alternative output measures.

Table 3-5 presents the measurement of TFP using .the concept of messages ‘as
output discussed in Chapter 2. The result is\stﬁiking-tofal féctor productivity
growth declines from 3.67% per annum to 1.38% pér annum. This estimate is likely
be a Tower bound since only messages are considered to be output in local -and ~'
message toll services. HoweVef, we believe that constant»do?]af output measufes
overstate actual output growth, so that 3.67% is likely to be an upper bound.
C]eaf]y more research effort needs to be devoted to the conceptualization . and

measurement of service outputs.-
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TABLE 3-5

Alternative Total Factor Productivity
for Bell Canada, 1952-76

1952

1955

1960

1965

1970

1975

1976

Index

(1967 =

100)

92.2
91.4
88.4

88.
87.
86.
87.
88.

88.
90.
93.
93.
95.

95.
96.
100.
-103.
105.

108.
107.
113.
117.
125.

126.
128.

Y 01 O N O RN NN = O — = 0o 0o -

ol — WO NN B

Rate of Change
_(percentage)

-0.89
-3.33

-0.40
-0.28
-1.13
0.30
1.15

.62
.64
.36
.00
.08

N O W — O

.48
.15
:32-
.47
.02

N W w — o

2.62
-0.70
5.57
2.82
6.90

0.51
1.77
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Chapter 4

”' Total Factor Productjvity and the Theory of Production

4.1 The Case df a Single Output

In this chapter we deve1op the Tinks between the measﬁkementl

Cof productivity and the theory of production which permits us to adjust

‘the conventional Divisia index for the market imperfectidns usually encoun-

tered in regulated industries. We begin with the case of single output
(Q) produced by inputs Xi’ i =1T1,...n. The production possibilities are

described by the production function

Q= f(X],...Xn,t) . o (4.1)
Define A = %{-- %-, the proportional shift in the production function

with time. The shifting of the production function through.time is called
technical change and it is technical change which we wish to measure
using the productivity index. If we totally differentiate the production

function with respect to time we obtain

: oX.
dg _gor . M et
dt 123)(1' 5t T8t (4.2)
Dividing (4.2) by Q and rearranging results in

- X. . ’ ’
. of i y
Q=) 5= * X, + A . (4.3)
; aXi Q i :

Assume that the firm minimizes the cost of producing Q. Then the first

order conditions for cost minimization imply 3 - /%% here 8C
BK: - 71780Q 8Q
is the marginal cost of production. Substituting for %§~ in (4.3) we
‘ , : : : . i

obtain




F X . . ' :
Z aC/aQ T Xy * A . _ ‘ (4.4)

Define the e1asticity of cost with respect to output (eCQ) as

=00 . Q
Q3 C - (85)

Substituting (4.5) into (4.4) we obtaih an expression for the proportionate

(.1 = g € . __.___ll . ).( .+ A ' (4.6)
r} CQ .I "

For the case of a single output, Q is jdentical to the proportionate"
rate of growth of output in the measurement of total factor productivity.
The index of aggregate inputs F s defined by the growth equation (see

equation (3.3))

Substftuting (4.7) into (4.6), we obtain
A = Q - e Q . (4.8)

We now prdceed to compare the measure of téchnica] change A with our
total factor productivity measure TﬁP = é - F . A rearrangement of (4.8)

yields

-y | (4.9)

or

ke h-0F L (.10

‘In order to interpret equation (4.10) we begin by noting that the inverse

of the e]asticity of cost with respect to output is the scale e1ast1¢ity.

Y
"
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Therefore, if production is subject to constant returns to scale €cq ~ 1

énd

A=TFP . o C(4.11)

In this.case the total factor productivity growth rate is identically

.eqUa] to the rate of technical change. We now can see the effect of a

departure from one of the assumptions used to construct the total factor
productivity .index of Chapter»S - thé_constant returns to scale assumption.
Without constant returns to scale, total factor productivity will not |
identically measure shifts in the techno]ogy. In telephone companies
such as Bell Canada, it is believed that 1ncreasing returns to scale may
be present. With increasing returns to scale (Eéé - 1) s positive,
hence estimates.of'tota1 factorAproductivity- TﬁP will overestimate shifts
in the technology alone. If increases in inputs lead to scale éffects on-
output, it is the scale effects that are being measured by the second term
in (4.10). The standard measure of total factor produtfivity is not erro-
neous; Rather it includes the static efficiency effects of éca]evas well
és‘the dynamic efficienﬁy'effects of technical progress. The standard pro-
ductivity measure cannot distinguish between_thése two effeéts.

| Since we wish to measure the separate efficiency effects of scale
and téchnica] progress, we require more information_than standard produc-
tivity analysis uses. From equation (4.10) it;is obvious that to. separate
the scale effects from thé.techhica1 change effects we require an estimate
of the cost elasticity, ECQ_‘ This requires estimation of the cost funé—
tion-which is accomplished in Chapter 5. Estimates of the decomposition

of total factor productivity growth into that attributable to scale and
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that attributable to technical change are presented in Chapter 7.
- Before proceeding to a discussion of the estimation of the
cost function, it is useful to analyse shifts in the technology in terms

of the cost function rather than the production function. This change

- in emphasis will allow us to deal with the mu]tﬁp]e'output case more eaéi]y.

It will also allow us to analyse the effects on the relationship between

total factor producfivity and technical change of departures from the mar-

ket assumptions of marginal cost pricing'ahd no effective rate of return
regulation.
Under the assumption of cost-minimizing behaviour, the theory of

duality between cost and production implies that for any production func-

tion of the firm (4.1) there exists a cost function that provides an equi-

valent description of the technology. Suppose we represent the cost

function by the equation,
C = glwps..w ,Qt) . ' - (4.12)

Totally differentiating the cost fungtion with respect to time we obtain

3w, |
_v99 ., i ,98g ., 23Q, 39
dc/dt ; sw. 3t T30 "3t T3t - (4.13)

Re-arranging equation (4.13) by dividing through by C and setting
3g/dw; = X; (from Shephard's Lemma) yields

wW.KX. .
i1, 39 . Q | 139
I R (4.14)

t

Define B = %_@g_ , the proporﬁionate shift in the cost function.  Then
14), after re-arrangement, becomes

— Q2

equation . (4.14
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B = é . ; E i, Qi - EcQé | , S (4a5)

:9__._=.Qa_g.= o l/... : . ’ -A:
where sCQ C3 ¢ o0 the cogtAelast1c1ty,.as.before. The propor

“tionate shift in the cost function (B) equals thefchahge in costs minus

the chahge in aggregate inputs mianIthe s¢a1¢ effect (ECQ-QY'.'

| It Ts.USefu] to relate é to the bfdpoftionate shift in the pro;_
duction funcfibn .(A) and the rate of growth of total factor producfivit&
(TﬁP). Tbta1]y diffefeﬁtiating C = Z w1.‘)(»1..j With reépecf to ffme and o
re-afranging yields the equdtion . | h |

w.X; . . w.X. L :
9% -~ i1 .
; oWy =L ; TN - S - (4.6)

i

SUbstituting this equation into (4.15) wefobtain

. . wiky o ' ‘

or
Multiplying (4.8) by €cq .puts that equation in the form

ECQA =.'€CQ(:‘) - F ' - - o (4‘..]9)‘

- A comparison of (4.18) and (4.19) shows that

- B = epgh . | - - (4:20)

Shifts in the cost function are not idénticé] to shifts in the production

function unless the production structure exhibits constant returns‘to~

| scale (ECQ =1).
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Using (4.18) and the definition TFP = Q - F we obtain the |
relationship between shifts in the cost function and the growth ih total

factor productivity

B =TFP 4+ (egg - 1O - (4.21)

If constant returns to scale exist then once'again €CQ =1 and - B = TFP .

This is the case where changes in total factor productivity measure the
shifts in both the production and cost functions since TFP = A = -8B,
The point of the above analysis is to demonstrate that when scale

effects are present conventional total factor productivity estimates mea-

sure neither shifts in the produétion function nor the cost function. How- |

ever, when the cost elasticity is known, scale effects and intertemporal

shifts can be separated.

4.2 The Multiple Qutput Case

Telecommunication Firms'such as Bell Canada produce a number of
different services. In this section we extend the analysis of the previous
section to the multiple output case. If a producer is minimizing the cost
of producing m outputs using n inputs the cost function may be wriften

as

C = g(w1,}..wn, Qps-- -0 st) _— (4.22)

.. Totally differentiating this function with respect to time and re-arranging'

we obtain (analogously to (4.17))

- . Wixi .
- - Z ecq.Qj - Z _—C—- * X_i s (4-23)
J J 1
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 where €eq. =‘3C/3Qj“ Qj/C. is the cost elasticity of the jth output.

Equation (4.23) may be rewr{ttenjas.
- B = ZECQQ\] - F ‘ . (4-24)

since the 1asf»term in (4.23) is ﬁ , the index of aggregate inputs.
Given information on the growth iﬁ 6utputs'and‘the cost elasticities, we ..
can utilize (4.24) to calculate shifts in the cost function due to tech-
noiogicai.change. |

We now proceed to ]jnk shifts in the cost function (- é) to the -
measure of total factor productivity growth (T?P) . Aggregaté outbut
1h the productivity index was defined by the growth equatiqn_

P.Q, . B S |
S | - (4:25)

Q= R J

G

where R = Z'Pij (total revenue) and Pj’.is'the’pricé of output Jj.

o J .
Re-arranging (4.24) and using (4.25) we obtain

. POy ). . |
“B=llegq m R rA-F - (&20)
it . _
- or
. MC.-Q. P.-Q.|. :
. R= AN RN
- B § . S| @y + TRP (4.27)
A re-arrangement of.(4!27).y1e1ds
. . (MC. - P.)Q. | . ‘P.Q. P.Q.|. E
- J_ 37 NN ,
- ‘B. = TFP + § 5 Q; + § c | o (4.28)
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or

. . (P, = MCQL T | : L
TFP = - B + ] | — T . Qj+§ EPJ-QJ-)(%-—%—)}Q- (4.29)

3 J

The complicated equation (4.27) may be interpreted relatively
easily. If producers sell at prices that equal marginal costs and if
there are no economies of scale then the term in brackets equals zero.

In this case T#P correctly represents the effects of'technica] change

as measured by shifts in the cost funétfon.] -Equation (4.29) provides

a number of insights into the measurement of productivity for-a regu]ated
multi-product firm such as Bell Canada. Firét, suppose there exist no |
) economies of scale but due to 1mperfect competition Pj > MCj'.' Then

R >C -as well. 'Assuming all outputs are increasing (dj > 0) then TﬁP
: overstatesl(—é) due to the second term in (4.29) and understates (—é) dun
to the third term. The net direction of the discrepancy is.unknown.
However, if R =C , perhaps due to the’disecohomies of scale and/or
scope, then TﬁP averstates (;é) . Suppose the fifm‘engages in marginal
cost pricing (Pj = MCj) but economies of scale exist so thét R<C.
Then T#P " overstates - é . Now suppose the firm is engaging in cross-
subsjdjzgtion, so that Some Pj > MCj “and some Pj < MCj , and that
the firm earns a positive profit (in excess of the cost of capital) so
that R s ¢ . Then ’T%P understates '(—é) from the»third term. How-

ever, the second term has some components which lead to understatements

and some which lead to oVerstatements.A Finally, a barticu1a%1y interest--

ing case occurs when cross-subsidization is accompanied by a zero profit

- constraint (R = C) as would happen if the RamSey—optima1 pricing rule

were chosen by the regulated firm. The discrepancy between TﬁP and (-é)
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now depends only on the second ﬁerm. Once again the direction of the dis-
crepancy is unknown a priori. However, as with all the cases discussed
above, the magnitude of the discrepancy can befcomputed_once marginal costé
are estimated. These marginal costs can be obtaihed from the estimated

cost function.

4.3 Productivity Medsurement and Rate of Return Regulation

In this séction we explore the case where rate of return regula-
tion is effective (i.e., the regulated firm expects to earn the allowed
réte'of return). We demonstrate that in this instance there is a dis-

Crepancy between measured. total factor productivity growth and the shift

. 1in the cost (or production) function in excess of"those discussed previously.

In particu]ar, if prices of expensed factors»of productiqn and ‘the allowed
rate of return are.increasing over time (perhaps due to inf]at{on), then )
estimates of technical change which ignore rate of return‘reguTation~gMgr;,
estimate theytrue underlying techhica] change. ,. _

To demonstrate the aboVe assertioné, we utilize a model of rate of
return regulation developed by Fuss and Waverman (1977). Suppose a fegu-
1ated firm such as Bell Canada minimizes the cost of producing a given .
output Q 2 using inputs of labour (L) , materials (M)A,>andbcépita1 (K)

subject to a constraint that limits the rate of return on capital to be

less than or equal to s. Assuming the firm expects to earn the allowed

rate of return, there exists a "constrained” cost function dual to the

production fuhction of the form

C o= Clw,msr,s,Q,t) | | . (4.30)
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where w , m are-the prices of 1aﬁddr and materials respectively. A

modified Shephard's Lemma yields the fo]]owihg relationships (see Fuss

and Waverman (1977))

3C
W

u
P
e
]
>
o
—

aC
Bm

i
P
—

1
>
o

«
=

(4.31)

aC
ar

3C

35 " AK

where L , M and K are the constrained cost-minimizing input levels
and X 1is the Lagrangian multiplier associated with the rate of return.
constraint (0 < A < 1). Totally differentiating (4.30) with respect to

time we obtain

dC(W’m’Y‘.’S’Q’t). = @2@! + _a_C__d_nl + ﬂ_d_t+ @_(_:_Qi
dt . ow dt om dt or dt ds dt
oC dq oC
fwat T B (4.32)
Using (4.31), (4.32) becomes
€ L roor1 s rroa dr o ds
¢ d , ac

* 3Q dt ot (4.33)

or

¢ = [(-0)s T W +nuu%1ﬁ+m@f—[%ﬁé+gmh+é~mgm

S5 W OB WD G0 S0 US GO SO MG SN G5 SN W WS W W Wm
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Toté11y differentiating C = wL + mM + fK with respect to time yields

. an alternative expression for C (sée_equation (4.16))

C = sLL tos Wt sMM +osyem +.sKK +ospr (4.35)

‘Equating the right-hand sides of (4.34) and (4.35) and-solving ‘the result-

ing equation for =-B , we obtain
) ' ~ . . ‘ . - - . ' . - . ' 's—l<— . N
—»B = {QCQQ - sLL - sMM - sKK} - { A[st tosym + (C )s]} (4.36)

or

i
vs}
!

= {egq - FI - {x[sLW +sym + (%F)é]} 3 (4.37)

Equation (4.37) permits us to analyse the effect of rate of return
regulation on productivity measurement. Suppose the technology exhibits

constant returns to scale (eCQ = 1) , and there is an absence of effec-

i

tive rate of return regulation -(A 0) . Then the term in the first set
of brackets is T%P » the term in the second set is zero, and measured
total factor productivity growth accurately represents technical change
(the shift in the cost function).4 However, with effective rate of return
regulation, even uﬁder the constant returns to sca]e_assumption fﬁP no

Tonger measures technical change. In fact if w , m, and s are posi-

tjve’then measured total factor productivity (even corrected for scale

effects) overestimates actual technical change. Combining equation (4.21)

and (4.37) we obtain the equation

TFP = - B+ (T-egg)Q + Als W + sM$_+ (£5)s) (4.38)
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The conventional total factor productivity growth index now measures
three effects: (i) the shift effect, (ii) the scale effect and (iii) the
regu]atofy effect. In Chapter 7 we present estimates of the decomposition

of TFP into these three effects.

4.4 Summary

There are a number of reasoné why a éonventiqna] total factor pro-
ductivity measure will fail to represent accurately shifts in the cost or
production function attributab]e to technical change. In this chébtér we
have provided a detailed analysis of the.effects of (a) non-constant
returns to scale, (b) non-marginal cost pricing and (c) effective rate -
of return regulation. ‘The linkages derived in this analysis will permit
us to interpret the productivity performance of Bell Canada that we pre-

sented in Chapter 3.

RS
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Chapter 5

_Estimation of the Cost Structure for Bell Canada

5.1 Introduction

Total factor productivity estimates can only provide evidence of
the ovéra11 increase in aggregate output per unitidf aggregafe input.

In Qhapter 4 we showed how the theory of production and cost functions
could be used to interpret productivity and separate measures of. . pro-
ductivity into a number of effects. In particular, knowledge of éost
elasticities are important. These elasticities can be obtained from
estimaéés of the cost structure. In‘this report we:obtain our informa-
tion on the cost structure by estimating the cost function.

‘We begin with the case of a éing]e aggregate output. This simp1j-
fication in the output structure allows the incorporation Qf a genera]I
technical change specification. Then.we proceed to a disaggregatfpn‘of
outputs into three categories - Tocal service p1us.misce11aneous, ﬁessage
toll, and other toll (WATS pius private line). In this case we restrict

the'technica1 change to be "output augmenting". These specifications

are described in detail below. In general, we find evidence of efficiency

gains over time due to increasing returns to scale and/or technical change,

but the ability of the models to separate the two effects is not robust

to small changes in model specification and data. An illustration of this

bkob1em is given for the three‘output'cases.‘ We find that the percentage

of telephones connected to direétfdistance dialing facilities is an impor-
tant technical change indicator in both the one output and three output

cases. The percentage of teléphones connected to central offices with

~modern switching facilities is also an important indicator in the three
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output cases where the Tocal service dutput cén be separated from the out-

'1put aggregate. We begin our more detailed analysis with a discussion of

these technical change indicators.

5.2 _Indicators of Technical Change

An 1mportant e1ement of thevest1mat1on of the cost function is the
spec1f1cat1on of the causes of shifts in the funct1on, i.e., the spec1f1-
cation of technical change indicators. The most common indicator used
in econometric stddies is theipassage.of time (t) .- In,té]ecommunicatidns
studies, one often finds the percentage of td]]-ca11s completed by direct-

distance dialing (DDD) used with some success (see Dobell et al (1972)).

In this- study we have considered four indicators: tj DDD;'the*percentage :

of phones with access to direct-distance dialing facilities (A); and the
pereentage of phones connected to central offices with modern switching

facilities (S).]v We have found A to be an extremely important indicator

of the cost reductions due to technical change. Since data on A are

available only 'sjhce'1962, a series had to be constructed for the period

1952-61. DetaiTs of the data constructed are contained in the Data Appen-.

‘dix. Table 5—T'presents the. time path of the four-indieétors over the

1952—77 time period. A grows more‘rap1d1y than DDD in the early period,

' cons1stent with. the learning curve re]at1onsh1p between A 'and DDD

assumed in the data construction. S grows the Teast rap1d1y in the
early .period andhthe'most rapid]y in the latter period. Both A and
DDD. are indicators of the same phenomenon - the rep1acement of tele- -

phone opehators by automatic equipmeht for the handling .of long dis-

- tance (to11)kca11s. In our econometric analysis, we have found
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Table 5-1

Indicators of Technical Chaﬁge

% of toll calls
using direct-

% of phones with
access to direct-

% of phbneé
.. connected to modern

.838

-.846

Time distance dialing distance dialing  switchirg facilities
t DD A s

1952 0 0 0
1953 0 0 0
1954 0 0 0
1955 0 0 0
1956 .006 .039 012
1957 .013 .069 .034
1958 .053 .235 .048
1959 .091 .337 .064
1960 .159 .499 077
1961 .224 .602 .088
1962 .263 578 112
1963 311 .619 .138
1964 .373 712 .168
1965 .433 729 193
1966 471 .736 .222
1967 507 721 249
1968 .568 .785 .281.
1969 - .624 .823 .306
1970 .682 .821 .336

1971 721 .822 357 .
1972 .766 .840 .387
1973 .789 .842. 416
1974 .811 .841 .458
1975 .821 .849 .487
1976 ©.830 .847 522
1977

549
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A to be a consistently superiof indicator of technical change in compafi-
son with DDD. This suggests .to us that the reduction of operators occurred
wheﬁ direct-distance dialing facilities were available, rather than when

- they were used. Long-distance callers who reqUested operator assistance
presumably suffered a loss in service quality in terms of Tonger waiting
times; a situatﬁon which would have the effect of acce]érating the diffusion

- of the use of direct-distance dialing facilities.

- 5.3 Estimation of Bell Canada's Cost Function for Aggregate Output
Suppose Bell Canada's cost function can be represented by
C = g(PL, PK’ PM’ Q, T) ' (5])

where P, , 1 =1L, K, M, are the input prices of labour (L) , capital
(K) and materials (M) respectively, Q 1is the aggregate output and T
is an indicator of technical change. The cost function used to estimate
the cost structure is the transTog cost function, a second order approxi-
mation to an arbitrary cost function. The translog cost function is given
by

NS - o2
Tog C = a  + % Tog Q + o Tog PL'+ ag 1og Py + ay Tog Py + 3 v | (log PL)

+ YLK Tog PL log PK + YLM'1og PL log PM + 1 Yk (Tog PK)?

* Yy log PK Tog PM + L Ty (1og PM)2‘+ Lq log PL log Q

* Ykg lTog Py Tog Q + YiQ Tog Py Tog Q + % YQQ,(log. Q)?
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+ BLT_]Og'PL log T + BKT log PK log T + BMT log PM Tog. T

+ 6p 109 T+ % By (log )2 + fro Tog T Tog Q  (5.2)

The cost share equation for this technology may be obtained, using Shep- f

hard's Lemma, as

[

SL = o f'YLL Tog‘PL + Yk Tog PK + Y Tog PM + YLQ 1og~Q.+ BLT log T

SK = oy + YLK log PL * Ye log PK + Yeu Tog PM + YKQ_1og Q + BKT log T (5.

SM = Oy + Y log PL + Yk Tog PK + YM Tog PM + YMQ Tog Q + BMT Tog T

The share equations must sum to one which requires .us to impose the follow-
ing constraints: : . o

Ja, =1, §Y1j=o'; ]zyﬂfo,' LBip =0, Tud = KoLl (5.4)

The constraints (5.4) imply that one of the share equations is redun-

dant for estimation purposes. Which equationis deleted is unimportant as
long as maximum 1ikelihood estimates are obtained{' Table 5-2 presents:
the parameter estimates obtained from estimating the coét function (5.2)
and two of the three share equations (5.3). Table 5-3 presents the sum-
mary statistics. The technical change indicator used was T = eA ,
where A 1is the percentage of phones with access to-directfdistancé dial-.
ing since this indicator was superior to t , DDD or S in terms of maxi;

mizing the Tikelihood function and randomness of the residuals. Attempts

to use combinations of these indicators proved unsuccessful.
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Table 5-2 ‘
Parameter Estimatés - Aggregate.0utput Cost
Function
(Standard Errors in Brackets)

o (08 (009

LR2 wooEE

i (81%%?) Ko (8188@) |

L) I

w oG I

W (0l0zee) T o

HE SR kT (0.018)

Y (0.0300) Pt (0:0106)

2 R

o R R

T o)
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Tabhle 5f3

Summary Statistics

" Equation R? ~ D.W. Statistic

- Cost Function 0.9993 1.52
Labour Share 10.9932 1.32
Capital Share 0.9910 1.55
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Table 5-4 presents the matrix of own and cross-price elasticities
of factor demand, eya]uated at the sample mean. The numbers in paren-
- theses are approximate standard errors.. Demand for each aggregate<fec-
tor of production is inelastic, with Tabour being .the most responsive
to ehanges in its own price and capité] being the Teast. Labour and
capifa] and labour and materials are substitutes 1n‘production. Capital
and materials show a weak complementarity re]atiohship but-an indepen-
dence hypotheeis would not be rejected.

Table 5-5 presents the response of total cost and factor demands
to changes in the levels of output and access to direct-distance dialing
facilities, evaluated at the sample mean. For example, a 1% increase in
output Teads to a 0.632% increase in'cost and a 0.567% increase in employ=
ment. Since the capita]—outbut e]asticity is greater than any of the
other input-output elasticities, higher 0utput levels are characterized
by more capital intensive production techniques. ’The cost elasticity (eCQ)
evaluated at the mean is 0.632 indicative of economies of scale. This
e]astﬁcityris highly trended, beginnfng with a value of 0;988 in 1952 and
ending with a value of 0.399 in 1976. This result is highly suspicious and
suggests a misspecification of the technical change indicator:or the out4'
put variab]e.2 One possibi1ity is that the technica1 change ind%cator A
cannot adequately represent technical change in the latter pertidn of the.
sample, since it implies a slowing up and eventual elimination of technical
change as access saturation levels are reached. Clearly more research
is needed on the correct specification of the technical change indicator.

The numbefs in the second column of Table 5-5 measure the propor-

tionate change in cost and factor demands when access is increased by
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Table 5-4

~ - Factor Price Elasticities*
(Evaluated at the Mean Observations)

"Labouf'.: Qgﬁita] Matéfialsv

Labour  -0.591  0.218 ' - 0.59%
~(0.083) - (0.042) - (0.123)
" Capital 0.307 -. .-0.185 . -0.097 . -
~(0.057)  (0.061) . (0.125)
Materials . 0.284  -0.033  -0.497
TR (0.059)  (0.043) - . (0.132) -

* The first row presents the elasticity of the’

.~ The other rows are interpreted in an analogous.
manner. o : o ‘

demand'for'1ab°Urs[capjtaj, and materialsjres- ""
pectively with respect to the price of Tabour.
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- Table 5-5

Output and Technical Change Indicator Elasticities
(Evaluated at the Mean Observations) '

B 'Output.
“Cost  0.632

(0.016)

Labour . 0.567

(0.322)

Capital -0.698
o (0.013)

Materials 0.571

(0.056)

Technical Change Indicator -

- -0.124 -
(0.018)

-0.359
(0.029)

0.063
(0.012)

-0.185
(0.048)
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one per cent. For example, when the.percentage of phOnes‘with_access to
direct-distancé dialing facf]ities is increased from its mean value of
53%'to;53%% ahd output is held constant, tota}.(and average) cost declines
0.124%. Employment dec]ineé 0.359%, materiais 0.185% while capital
1ncreases‘s]1gﬁt1y, by 0;063%. The access.e1qsticities are also high]y
trehded. For example, the cost-access e]asticity begins”with a value

of 0 in 1952 (by definition) and ends with a‘value»of»-0.34 in. 1976. This_
trend is partially explicable by the fact that a 1% increase in-access‘in'
the later years of'the sample involves connecfing both a.larger percen-
tage and absolute number of telephones to diréct-distance dialing faci]if
ties than-a 1% increase in the early years of the sample. However, the
strong trend is once agdain indicative of problems in technica]ichange
indicator specification and/or output measurement. .

' Fiha]]y, in Table 5-6 we present, using a 1ikelihood ratio,fest,

tests of specialized structures of technology .which have often been imposed

in previous studies of Bell Canada's cost or production structure. A1l

of the specialized descriptions are decisively rejected. Of particular

~ importance for our study is the rejection of constant returns to scale.

As we demonstrated in Chapter 4, this fact means that TFP no longer measures

~only dynamic efficiency gains as represented by shifts .in the cost or pro-

duction function but the static scale efficiency effects as well.
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Table 5-6

Tests of Hypotheses Concerning the Cost Structure

Number ofv

5 Additional Critical Value (5%)
x__ Statistic Constraints |- ofgx? Statistic
Homotheticity 12.90 2 - 5.99
Yiq * 0 , i=L.K,M
Constant Returns to Scale 132.51 5 11.07
Yig =0 s 1= LK.M
Yoo 7 Prg 7 O
uQ =‘1
No Technica] Change 87 .42 5 11.07
Br = Brp = Brg =0
B_i-[- = O LY -i = L’KgM
Hicks Neutral Technical 60.77 , 3

Change

- 7.82
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5.4 Estimation of Bell Canada's Cost Function - The Three OutputvCase

It is likely that technical change has affected the pfbvision of

local and toll servicgs in different wayéi' In addition, recent work by Fuss

and Waverman (1977) has shown that aggregation of outputs into a single

output is a restriction which is not supported by the data. In this section

we report on the ‘estimation of a disaggregated mode] which includes a

three output cost function. The outputs chosen were (i) message toll (Q]) ,

(i1) other toll - private Tine services plus WATS (Q2) and (1ii) Tocal.

service plus miscellaneous (Q3) . The model esfimated was the one deve-

loped by Fuss and.Waverman (1977), in which the regulated fe]eCOmmunita- -
tions firm chooses the profit maximizing levels of toll services (Q]_ and

Qz), but is-constrained by the regu]atqry authorities to charge a pricé

for local services below the profit-maximizing price.

The specification of the cost function chosen utilizes the techni- -

cal change indicators in an unusual way. It is generally beljeved that
during the sample period, the major technological innovation influencing.
the provision of toll services was the introduction of direct-distance
dia]ing fac11ities; In contrast, the introduction of modern»switching
facilities at central offices had its major impact on the provision of

1oca1'services. The effect of these innovations is to reduce the cost of

providing a g1ven level- of servaces, but the impact is. essent1a11y service’

specific. To capture the above reason1ng in an econometr1c cost function,
we assume that the cost function can be written in the "output-augmenting"

form

C = CIPLy o Pyo Qpohy(R), Qpehy(A), Qphy(8)] (5.5)
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where A énd S are the technical chahge 1ndicators defined prevﬁous]y.
The hi functions are augmentation functions such that for any given Q] s
Q, and Q, , an increase in A and/or S _W111 lead to a decline in
costs, but an increase in A will have as its major impact a decline in
the marginal cost of toll servicés andjan inérease in S will have 1t$

major impact on the marginal cost of local ser‘vice.3 Define the "augmented"

outputs by .
A1A
QZI\' = Q]'h] (A) = Q'Ie (5-6)
Q§ = Qz'hZ(A) = Qze (5.7)
| AgS -

Then the cost. function (5.5) becomes
C = [P, Pys Pys 0%, Q3, Q%] - (6.9)

which can be approximated by the second order translog cost function

- 2
log C = o, ; a; log P, + E By Tog QE + 1 ; 8 (Tog’Pi)

Y 2

+ %% Yij Tog Pi log Pj + L E Gkk (1og QE)
1#J

+ E% Sig, (Tog Qf Tog Qf) + ;E psi 109 P. Tog Qf (5.10)
k#2

where i,J = L,K,M
k’RI = ],2,3
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and
Tog QT = log Q1 + A1A
log Q; = log Q2 + AZA
log Q§ = log Q3 + A3S

The cost share equations can be obtained from Shephard's Lemma as

Si =a; + % Vi Tog Pj + gpik log QE ' (5.11)

i=L,K,M k =1,2,3

The fact that }S. =1 implies the constraints
Y a; = 1, ; Yiy = 0, Osp = 0 | (5.12)

The second order approximation property of the cost function implies the

additiona] constraints

Yii = Vi 13 3 8§, =86 L #k (5.13)

Following Fuss and Waverman (1977), the profit-maximizing behaviour with

respect to toll services implies the two additional equations:

-1

P& fe + 76, Tog @x + T 0., Tog P (5.14)
c T+ e, 1L 08 T e Py 109 Yy '
Yo
P2Q2= 1 ]. 8 +25' 10 Q*+z' 1o P— (5 155
C '|+s;.2 2 g 29 09 2 .p‘iZ 9 i )
| i i
i = L,K,M
L =1,2,3
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where €1 % - 1.435 and €5 % - 1.639 are the own-price elasticities
of demand for message toll and other to]T services respectively, taken
from Fuss and Waverman (1977).

The system of eqUations estimated consists of the cost function
(5.10), two of the three cost share equations (5.11) and the two revenue
"share" equations (5.14) and (5.15). The maximum likelihood estimates of
the parameters are presented in Table 5-7. Summary statistics appear in
Table 5-8. Table 5-9 contains the factor price elasticity matrix while
Table 5-10 presents the output and technical change indicator elasticities.

The factor price elasticities are reasonably similar to those obtained
in the one output case. They appear relatively robust to the change in

specification. The total cost elasticity is 0.68 at the sample mean,

- also relatively close to the estimate of 0.63 obtained in the aggregate out-

put case. This cost elasticity is also highly trended, falling from 1.08
in 1952 to 0.45 in 1976. The downward trend is almost entirely accounted
for by the trend in the local service coét elasticity which falls from
0.98 in 1952 to 0.31 in 1976. Hence, the increasing returns to scale
phenomenon is estimated to be caused by increases in the local service
oufput. This fact is consistent with.thé view that the orovision of local
services is at-the centre of any natural monopoly that exists with respect
to Bell Canada's technology. On the other hand, it is also consistent with
our view, expressed earlier, that the constant dollar output measure over-
states the trend in output growth, especially for local services where
optional equipment, presumably priced above marginal cost has become an
increasingly important component during the latter part of the sample

period.
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Table 5-7
Parameter Estimates - Three Output Cost Function
(Standard Errors in Brackets)
o 6.579 S5 -0.145
° (0.024) (0.054)
o 0.404 51, 0.0159
(0.008) (0.0020)
o 0.418 5 -0.104
K (0.010) 13 (0.013)
o 0.178 5 -0.0418
M (0.007) 23 (0.0079)
8, 0.0829 oL 0.0275
(0.0042) (0.0079)
3, 0.00865 o,  =0.0221
(0.00253) (0.0046)
84 0.513 o3  -0.0375
(0.033) (0.0244)
YL 0.0594 oy =0.0217
(0.0240) (0.0089)
v 0.188602* 0 0.0293
KK K2 (0.0052)
v 0.0441 0 0.0239
MM (0.0192) K3 (0.0270)
v -0.102 o -0.00582
LK (0.015) ML (0. 00636)
v 0.0425 0 ~0.00718
LM (0.0158) M2 (0.00353)
v ~0.0866 0 0.0136
KM 000147) M3 (0.0220)
511 0.030] \ -1.676
(0.0056) (0.332)
5 0.0125 A 3.742
22 (0.0056) 2 (0.732)
Ay -0.327
‘ (0.094)
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Table 5-7 cont'd.

*

The value of this parameter was preassigned. Unconstrained
regression resulted in an own-price elasticity for capital
which was slightly positive although insignificantly different
from zero. The value of the parameter Ygg  Was constrained

so that it produced an own-price elasticity of capital as
close as possible to that obtained for the aggregate output
case, consistent with this value not being rejected by the
data using a 5% significance level formal hypothesis test.
A comparison of capital own-price elasticities in Tables
5-4 and 5-9 demonstrates the close similarity of the esti-
mates.
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Table 5-8

Summary Statistics - Three Qutput Cost Functions

Equation

Cost Function .
Labour Share

Capital Share
Message Toll "Share"

Other Toll "Share"

R2

0.9992
0.9957
0.9912
0.6207
0.9900

D.W. Statistic

1.27
1.83
1.57
1.73
0.88
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Table 5-9

Factor Price Elasticities
(Evaluated at the Mean Observations)

Labour Cagita1 .ﬁﬁteria]s
Labour -0.482 0.137 0.603
(0.068) (0.030) (0.095)
Capital 0.193 -0.126* -0.0348
(0.042) (0.0884)
Materials 0.289 -0.0118 -0.568
(0.046) (0.0301) (0.116)

* There is no standard error assocjated with the capital
own-price elasticity since yy, was preassigned. See
footnote to Table 5-7 for details.
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-Table 5-10

Output and Technical Change Tndicator Elasticities
(Evaluated at Mean Observations)

OQutput Technical Change Indicator
O %, Q3 A s
0.104 0.0269 0.552 -0.0391 -0.0357
(0.001) (0.0006) (0.028) (0.0116) (0.0119)
0.183 -0.0369 0.443 -0.238 -0.173
(0.023) (0.0133) (0.079) (0.022) (0.059)
0.0593 0.0870 0.601 0.121 -0.183
(0.0183) (0.0109) (0.060) (0.010) (0.062)
0.0687 -0.0164 - 0.634 -0.0%4 -0.186
(0.0380) (0.0211) (0.134) (0.035) (0.061)
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There is one peculiarity in the output elasticities with respect
to other toll (Q2) . Labour and materials elasticities although very
small are negative and the labour elasticity is significantly negative.
It is unlikely that labour is a regressive input with respect to other
toll output, as this result suggests.

Turning now to the technical change indicator elasticities, we
see, from Table 5-10, the effects of the introduction of innovations.

An increase. in the percentage of phones with access to direct-distance
dialing facilities is accompanied by declines in employment and materials
usage.and a slight increase in capital services demanded. On the other
hand, an increase in the percentage of phones connected to central offices
with modern switching facilities is accompanied by a decline in demand

for all three factors of production.

The employment effects of innovative activity are clearly apparent
in the results. A 1% increase in A from its mean value of 53.3% to
53.8% results in a reduction in employment of 0.24%. In addition, a 1%
increase in S from its mean value of 19.8% to 20% results in a decline
in employment of 0.17%. The aggregate employment effects of innovative
activity are substantial. In the next chapter we analyse these effects
in terms of their impact on the various categories of employment.

Finally we should éomment on the lack of robustness of the division
_of efficiency gains between scale effects and technical change effects.
We replicated the Fuss-Waverman (1977) capital service price technical

4

change augmenting model with our revised data.  Within the last year

Bell Canada has substantially revised several years (1971-72) other toll,



64

directory advertising, and miscellaneous revenue constant dollar outputs
and made smaller adjustments in the constant dollar local service revenue.
from 1969-75. In addition, Fuss and Waverman (1977) included fndirect
taxes in the materials input and had data dn]y to ]975'. These data
changes were the only differences between the two estimations. The com-
parisons of relevant measures of the technology evaluated for the year
1967 are contained in Table 5-11. In our rép]ication, the efficiency
gains ére due mainly to scale effects. For Fuss-Waverman, efficiency
gains are due mainly to technical change. Clearly this lack of robust-
ness suggests that more research effort must be devoted to data measure-

ment particularly with respect to the definition of the output measures.
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Table 5-11

Comparison of Measures of Technology
for the Fuss-Waverman Model

Fuss-Waverman (1977) Denny-Fuss
rate of capital
augmenting technical change -0.0668 -0.0204
total cost elasticity 0.945 0.684
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Chapter 6

An Empirical Analysis of the Employment Effects of Technical Change

6.1 Introduction

In this chapter we examine the effects of the introduction of
innovations on the demand for labour disaggregafed into four categories.
For the years 1952-72, some data are available on seven types of labour
employed by Bell Canada. The data include manhours worked and a wage
rate. The seven types of.labour for which disaggregated data are avail-
able are:

1) telephone operators

2) plant craftsmen

3) clerical workers

4) other non-supervisors
5) foremen and supervisors
6) executives

7) part-time workers

The quality of the wage data was poor for labour categories 4, 5,

6 and 7. This low quality was due to the assumption made by Millen (]974)

in constructing the data that wage rates of these four groups were pro-
portional to one another during part of the time period. According to the
Hicks aggregation theorem, we must either find a source of independent
variation in the wages paid to these four categories or aggregate the cate-
gories, since we wish to analyse employment within a system of factor
demand equations. We have chosen to aggregate the last four categories
into a residual category which we label, somewhat loosely, as "white

collar" employees. We have also made a number of adjustments to this data
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set. These adjustments are discussed in detail in the Data Appendix.

6.2 A Two-Stage Model of the Cost Structure ‘

The disaggregation of labour into four categories means that we
wish to analyse a cost structure with six inputs - a large number for
econometric cost function estimation. Fuss (1977) has developed an
econometric model to deal with the many input cases which we utilize in
this chapter. The conceptual details are presented in the referenced
publication. Here we present a brief outline of the model as it applies
to our analysis. A

A general cost function for the cost structure being modelled can

be written as

C - C(w], Wos Was Was Prs Pys Q, T) (6.1)

where W, = wage rate of operators

w, = wage rate of plant craftsmen

Wy = wage rate of clerical workers

W, = wage rate of white collar employees

PK = -user cost of capital services

PM = price of materials

Q = output gquantity

T = indicator of technical change

We assume that the cost function {6.1) can be written in the separable

form

C = C(PL (Wy Wy ug54y s Q,T) s Py Py 0, T) . (6.2)
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The separability restriction implies that the partial elasticities of
substitution between each labour type and capital or materials are iden-
tical. However, there can exist a variety of different substitution

possibilities among Tabour types. The function
PL = PL(w],wz,w3,w4,Q,T) (6.3)

is called an aggregator function, and estimation of this function yields
an estimated wage rate for aggregate labour (L) . The aggregator func-
tion (6.3) is more general than the one proposed by Fuss (1977) in two
ways. First, the function need not be of zero homogeneity in output.
Second, the technical change indicator can affect the relative employment
opportunities of the different labour categories, as well as the absolute
level of aggregate'emp]oyment.

According to the two-stage model a cost-minimizing firm is envisaged
as choosing input levels in two stages. In the first stage, for a given
level of output (Q) , the firm chooses the proportions of employment by
labour categories in order to minimize the cost per unit (ﬁL) of aggre-
gate labour. In the second stage, also for a given level of output, the
firm combines aggregate labour, capital, and materials to minimize the cost
of production. The estimation of this second stage is identical to the
estimation of the sfng]e output cost function carried out in Chapter 5.

The only difference is that the actual aggregate wage series (PL) is
replaced by an estimated wage series sL , obtained by estimating the
parameters of (6.3).

Equation (6.3) is one component of what is called the labour, "sub-

mode1" and can be represented by the translog approximation
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lTog P| =8 + ; B; log w, + ; Bs; (Tog w,)
+ ;% Bij Tog w; Tog W + ; Biq Tog w, 10g Q

i#]

+ ] Byp log ws Tog T . | (6.4)

The remaining components of the labour sub-model can be obtained
(by applying Shephard's Lemma to equation (6.4)) as

SLi =8 ¥ % Bij 1og Wyt BiQ log Q + Bir log T (6.5)

where SLi is the cost share of Tabour type i in the total cost of
labour. Since the cost shares sum to unity the following restrictions
are placed on the parameters:

;B'I:]’ EI:B’iJ:O.ZB'IQ:O’EBiT:O' (6-6)
In addition Bij = Bji
aggregator function (6.4). Finally once again one equation must be deleted

by the second order approximation property of the

in estimation.

The two-stage model is estimated as follows. First, the parameters
of the sub-model are estimated using three of the share equations (6.5),
and the estimated parameters are substituted into (6.4) to obtain the esti-
mated aggregate price of labour series. The parameter g_ can be set

0
arbitrarily to zero to normalize the series since the estimated series is

-k -



70

a price index. Second, using EL in place of PL the parameters of the
aggregate model are estimated from the system of equations (5.2) and (5.3).
We begin the presentation of the empirical results with those per-
taining to the second stage aggregate model. The technology indicator
used was T = eA , since A once again performed in a superior manner
relative to the competing indicators at both stages of the two-stage model.
The results are summarized in Tables 6-1 to 6-4, which correspond exactly
to Table 5-2 to 5-5. The results are reasonably similar. Much of the
differences in the factor price elasticities are attributable to the fact
that with the different sample periods, the sample means at which these
elasticities are calculated are different. There are somewhat more sub-
stantial differences in output and technical change indicator elasticities,
a fact which illustrates the lack of robustness of these estimates. Never-
theless, the interpretive discussion in Chapter 5 applies to these results
as well so that we will move immediately to a consideration of the labour
sub-model. Tables 6-5 to 6-8 contain the results obtained by estimating
the labour sub-model. Table 6-5 presents the parameter estimates whi]e
Table 6-6 presents the summary statistics. Factor price elasticities and
output and technical change indicator elasticities are contained in Tables
6-7 and 6-8. It is -important to note that these elasticities assume aggre-
gate L as well as Q are held constant. The comparabie elasticities with
L optimally chosen and only Q held constant are presented in Tables 6-9
and 6-10. Finally, it should also be noted that we have only calculated
the lower triangular portion of the price elasticities matrix. The missing

elasticities are easily calculated using the formulae found in Fuss (1977).
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Table 6-1

Parameter Estimates - Aggregate Inputs Stage
of Two-Stage Model '

(standard errors in brackets)

.45
.07)

.07
.13)

.169
.005)

.575
.016)

.256
.015)

.0388
.0161)

.00166
.01622)

.0405
.0116)

.0623
.0422)

.0640
.0380)

.525
.165)

.105
.037)

.0346
.0058)

.0183
.0140)

.0163
.0136)

.0449
.1201)

.0669
.0063)

122
.021)

.0552
.0202)

.399
.190)

.305
.258)
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Table 6-2

Summary Statistics

Cost Function
Labour Share

Capital Share

R? D.W. Statistics
0.9993 1.44
0.9948 1.44

- 0.9734 1.60
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Table 6-3

Factor Price Elasticities
(Evaluated at the Mean Observations)

Labour Capital Materials
Labour -0.533 0.362 0.119

(0.045) (0.034) (0.068)
Capital 0.477 -0.396 0.0935

(0.045) (0.089) (0.2250)
Materials 0.059 0.0334 -0.212

(0.032) (0.0803) (0.222)

-k ey == B s =N
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Table 6-4

Qutput and Technical Change Indicator Elasticities
(Evalutated at the Mean Observations)

Cost

Labour

Capital

Materials

Qutput

.808
.022)

712
.028)

.847
.026)

.905
.094)

Technical Change Indicator

-0.
(0.

-0.
(0.

0425
0165)
131
019)

. 081
.017)

.198
.068)
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Table 6-5

Parameter Estimates - Labour Sub-model

Stage of Two-Stage Model
(standard errors in brackets)

0
(0

.255
.014)

.199
.013)

.170
.008)

.375
.020)

.0737
.0355)

.102
.029)

.0534
.0174)

.0821
.0264)

.107
.032)

174
.023)

.0353
.0282)

.0212
.0095)

.00591
.00928)

.0146
.0060)

.0125
.0135)

.144
.017)

.0353
.0167)

.0154
.0104)

.124
.025)

.105
.033)

.0151
.0193)

.00445
.04543)

o Oy o9 OF S T S Oy Gy e = =
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Table 6-6

Summary Statistics

Equation R2

Operators Share 0.9895
Plant Craftsmens Share 0.7182
Clerical Workers Share 0.6620

D.W. Statistics

2.02
1.12
1.12
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Table 6-7

(Evaluated at the Mean Observations)

Operators Plant Craftsmen Clerical White Collar
Operators -1.169
(0.178)
Plant Craftsmen 0.736 -0.299
(0.144) (0.144)
Clerical 0.528 -0.518 -0.335
-(0.087) (0.102) (0.126)
White Collar 0.828 0.158 0.0324 -0.360
(0.214) (0.126) (0.1056) (0.135)

nE O ah 9N Oy &) 88 N Gy Ny G TP U Oy Wy Gy a8 = e
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Plant Crafts

Clerical

White Collar
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Table 6-8

OQutput and Technical Change Indicator
Elasticities (Aggregate L Constant)

(Evaluated at the Mean

Observations)

Qutput
-0.108
(0.048)

men -0.0285
(0.0422)

0.0540
(0.0239)

0.0376
(0.0411)

Technical Change Indicator

~-0.352
(0.042)

0.0658
(0.0359)

-0.0373
(0.0198)

0.176
(0.036)
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From Tables 6-7 and 6-9, we can see that, of the labour subtypes,
only the operators component exhibits elastic demand. A1l components are
substitutes except for clerical workers and plant craftsmen which appear
to be complements.

Tables 6-8 and 6-10 present the employment effects of increased
output and the introduction of innovations as represented by access to dir-
ect-distance dialing facilities. Table 6-8 provides the relative employ-
ment effects while Table 6-10 provides the absolute effects. An increase
in output leads to a decline in the relative employment of operators and
plant craftsmen and an increase in the relative employment of clerical
and white collar workers. By way of contrast, an increase in access to
direct-distance dialing facilities is accompanied by a relative decline
in operators and clerical workers and a relative increase in plant crafts-
men and white collar employees. These results are apparent from an inspec-

tion of Table 6-8. Table 6-10 illustrates the effect of increased scale

and innovative activity on absolute employment levels of the four categories.

Larger scale production is characterized by a reduction in labour intensity,

especially operator intensity. The results with respect to innovation are
particularly striking. An. increase in access to direct-distance dialing
facilities is accompanied by absolute decline in the employment of opera-
tors and clerical workers and in the use of materials. It is also accom-
panied by increased employment of plant craftsmen and white collar workers,
and increased installation of capital equipment. For example, from Table
6-10, we see that a one per cent point increase in the percentage of tele-

phones with access to direct-distance dialing facilities from its mean

N S S PN S R O S Sy 3y ST O W = =y
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Table 6-9

Factor Price.E1asticities (Aggregate L Optimally Chosen)

(Evaluated at the Mean Observations)

Operators
Plant Crafts
Clerical

White Collar

Plant ' White

Operators Craftsmen Clerical Collar Capital ~Materials.
-1.276 0.072 0.024
ﬁen 0.617 -0.418 0.081 0.027
0.389  -0.657  -0.474 0.094  0.031
0.660 -0.010 -0.136 -0.528 0.114 0.038
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Table 6-10

Qutput and Technical Change Indicator
Elasticities (Aggregate L Optimally Chosen)
(Evaluated at the Mean Observations)

Operators

Plant Craftsmen
‘C1erica1

White Collar
Capital

Materials

Qutput Technical

Change Indicator

0.606

0.685

0.768

0.752

0.847

0.905

-0.861

0.027

-0.190

0.261

0.081

-0.198

N . B
,
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value of 47% to 47%% is accompanied by a 0.85% decline in the employment
level of operators. This very large effect graphically illustrates the
substantial employment effects inherent in labour-saving innovative

activity.
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Chapter 7

The Contributions of Scale Economies, Non-Marginal Cost Pricing and

Technical Change to Total Factor Productivity Growth »

In this chapter we attempt to determine the relative jmportance
of scale economies, non-marginal cost pricing, and technical change to
total factor productivity growth as convehtiona1ly measured. For the
case of a single output, only scale and shift due to technical change
influence the conventional Divisia index. In the case of multiple out-
puts non-marginal cost pricing also becomes a determinant. To allocate

the relative contributions we utilize the equations

-1

T = A+ (eg) - 1) F | (4.10)

for the single output case, and a rearrangement of equation (4.26):
. . . . P.Q. ).
Q-F=TP=-8-7Yle., --Ldq, (7.1)
- | ~CQ, R j
J J
for the multiple output case. The required cost elasticities are computed

from the relevant cost functions estimated in Chapter 5. Tables 7-1 and

7-2 present the results of the allocation exercise. These results repre-

sent the dividing up of TEP which appears in column 1 of Table 3-3. It

can be seen ffom Tables 7-1 and 7-2 that efficiency gains due to the
exploitation of scale economies and the existence of non-marginal cost
pricing practices appear to dominate cost savings due to the introduction
of direct-distance dialing and modern switching facilities in TﬁP . This
result is especially striking in the 1963-66 and post 1970 period. However,
the answer is not quite so simple. Since the technology cannot be speci-

fied as homothetic with respect to outputs and subject to Hicks neutral
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Table 7-1

Analysis of the Growth of Total Factor Productivity
Aggregate Output Case

Period Growth of Total Relative Importance of Contributors
Factor Productivity to Growth of Total Factor Productivity

TFP Technical Change Scale Economies

1952-57 1.4% - 33% 67%

1958-62 3.0% 50% 50%

1963-66 3.1% 9% 91%

1967-70 4.7% 29% 71%

1971-76 4.5% -2% 102%

) ) D N W O 0 G 0 B N W Oy N mp
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Period

1952-57
1958-62
1963-66
1967-70
1971-76
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Table 7-2

Analysis of the Growth of Total Factor Productivity
Multiple Output Case

Growth of Total - Relative Importance of Contributors
Factor Productivity to Growth of Total Factor Productivity

Scale Economies
and Non-Marginal

T%P Technical Change Cost Pricing
1.4% 29% %
3.0% 44% 56%
3.1% 0 : 100%
4.7% 19% 81%
4.5% 4% ' 96%



86

technical change. (see the tests in Table 5-6), scale and technical change

interact to create efficiency gains. For example, technical change is
estimated to have the effect of increasing the returns to larger scale

over what they would have been in the absence of technical change,since

32109 C i 32109 C

3log Q 3log A dlog Q 3log S

are both negative. Some of the contri-

bution of scale in Tables 7-1 and 7-2 is in fact due to scale-augmenting
technical change. Further analysis is necessary in order to obtain a full

interpretation of the allocation procedure underlying Tables 7-1 and 7-2.

ﬂ :
o D D o T
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Chapter 8

Conclusions and Suggestions for Future Research

In this project we have measured the rate of productivity growth
for Bell Canada and developed a framéwork within which this productivity
growth can be interpreted. While on the surface Bell Canada's productivity:
growth rate appeared impressive, this fact does not necessarily mean tech-
nical progress was similarly impressive. Problems in output measurement,
the effects of scale economies, and non-marginal cost pricing practices
combined to cause total factor productivity growth to overstate the effi-
ciency gains due to innovative activity. While the above statement appears
to us to be correct qualitatively, a definitive quantitative disaggregation
of the components of the productivity index has eluded us. We feel that
the bulk of the difficulty lies in the way in which current revenues are
decomposed into pricés and quantities in the offical Bell Canada data set.
We recommend that future research effort be devoted to the conceptualiza-

tion and measurement of telecommunications service outputs.

In this project we have also demonstrated ways in which the effects
of particular innovations can be incorporated into econometric estimation
of the characteristics of Bell Canada's technology. Within this framework
the employment effects of the diffusion of new technology was analysed.
The increases in telephones connected to direct-distance dialing facili-
ties and modern switching facilities were both accompanied by reductions
in the employment intensity of production. ?or particular Tabour categories,

increases in access to DDD facilities resulted in employment losses for
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operators and clerical workers and employment gains for plant craftsmen
and white collar workers. The employment effects of innovative activity
were substantial. An especially striking effect was the reduction in

employment opportunities for operators.

The results derived from econometric estimation depend importantly
on the specification of the technical change indicators used to measure
the diffusion of innovations. We have made a start .at a careful intro-
duction of these indicators. Clearly, more research needs to be done in

specifying and measuring indicators of shifts in the production function.

The role of regulation has not been explored in any detail. We
have provided a formula (in Chapter 4) which can be used to assess the
. effect of rate of return regulation on measured total factor productivity
growth. We have not provided an empirical estimate of the effect due to
the lack of a correct series on the allowed rate of return. Such a series
needs to be calculated both for productivity analysis and econometric

estimation. This calculation should also be a subject of future research.

Finally, there are larger issues related to regulation which can
be built on the analysis contained in this project report. For example,
what is the effect of requlation on technical change, particularly on the

.rate of diffusion of innovations? How can regulatory authorities use mea-

sured total factor productivity indices to provide incentives for regulated

firms to accelerate efficiency gains? These and similar questions 1linking
productivity and innovative activity are natural avenues for exploration

when the analysis begun in this project 1is extended in future research

efforts.
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DATA APPENDIX

I. Bell Canada Data

A. Revisions to the Materijals Series

Tab]é ITII of the Memorandum on Productivity and Bell Canada Pro-

duc£1vitx shows current and constant dollar quantities.for materials and
for indirect taxes. Both Fuss and Waverman and Corbo have aggregated the
constant dollar quantities of materials and taxes to form'a new constant
dollar series. Corbo adds on the duantity of uncollectibles to form the
series that he calls materials. Consequently, the materials variable

is a combinations of bad debts, non-income taxes and materials.

To avoid the incorrect treatment of bad debts and non-income taxes,
we have eliminated these components from the materials series. Consequently,
our new materials series is simply the current and constant dollar series

labelled "cost of materials, services, rent and supplies" in Table III.

The information on indirect taxes in the Memorandum does not permit
one to allocate the indirect taxes to the pertinent outputs and inputs.

Data in the Bell Canada Annual Charts will permit such an allocation. On

pages 313-14, there is a complete breakdown of the taxes other than income.
The allocation of these taxes was roughly determined. Labour expenses
were increased by the indirect taxes in columns 3, 4 and 5 of p. 313 and
columns 1 and 2 of p. 314. The net revenue from production was decreased
by the Ontario gross receipts tax in column 7 of p. 314.. The remainder of

the indirect taxes were allocated to capital.
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These changes increase the prices of capital and labour,
and reduce the price of aggregate output. The constant dollar quantities
of these variables are not changed. For materials, both the price and

the quantity are changed.

Uncollectibles are subtracted from total revenue. This does not
lower the output but doés lower the price. Theoretically, this would be
correct if all bad debts were anticipated. Since the magnitude of the
change in the price level is very small, no significant errors are likely

to arise from this change.

In Table A.1, total revenues (col. 2) and costs (col. 3) are shown
for Bell Canada after the adjustment for indirect taxes formerly included
in materials. The first column shows the unadjusted total revenue figures

as an example of the magnitude of the change relative to column 2.

B. Basic Output and Input Data

The major source of information on inputs and outputs is the Memor-

andum on Productivity and Bell Canada Productivity. Data in this Memoran-

dum have been updated and revised to 1976 in Bell Canada's response to the

National Anti-Poverty Organization's request for information before the

CRTC. Unless otherwise noted all data on inputs and outputs are taken from

these sources.

Qutput prices and constant dollar quantities for six outputs are
shown in Tables A.2 and A.3. The output quantities are not affected by

our revision to materials. For convenience the output price indexes are
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TABLE A.1

Revenues and Costs for Bell Canada, 1952-76

(mi1lions of dollars)

Total Revenue* Total Revenue Total Cost**

-p S S 08 A 00 0 &b a8 S S0 8N e

Unadjusted

1952 184.842 182.335 171.828
1953 202.358 199.538 186.955
1954 219.889 216.934 205.207
1955 245325 242.046 230.417
1956 274 .565 270.858 262.387
1957 303.929 299.276 292.931
1958 329.975 324.687 321.702
1959 377.904 371.698 347.910
1960 406.578 399.712 371.491
1961 435.271 427.066 391.480
1962 472.981 463.891 420.953
1963 505.139 495 .430 454 .427
1964 544.837 534.078 480.096
1965 595.827 584.218 521.012
1966 648.093 635.274 580.757
1967 705.599 691.256 635.852
1968 761.810 746.095 696.533
1969 846.234 829.234 796.883
1970 942.887 924.766 884.179
1971 1023.09 1002.45 999.744
1972 1129.48 1109.05 1124.25

1973 1279.71 1247.96 1274.41

1974 1446.38 1411.2 1499.21

1975 1674.88 1634.03 1728.48

1976 1912.68 1865.88 1978.68

*
* %k

See text for description of the adjustment for indirect taxes.

Includes capital services evaluated at the user cost of capital.
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1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975 -
1976

LOCAL

92.
93,
93.
93.
93.
93.
93.

100

100

100
100

100

100

101

105

111

119

40
30
30
30
30
30
90

.00
100.

00

.00
.00
.00
100.
100.
100.
.00
100.

00
00
00

00

.30
.60
.60 -
108.

60

.60
114.
.60
127.

00

00

Output Price Indices, 1952-76

INTRA

106.
.05
106.
.05
106.
106.
107.
113.
113.
.81
104.
104.
.32
104.
.72
.00
98.
.22
110.
113.

106

106

11

104

100
100

99

115

121

130

05

05

05
05
26
31
31

32
32

32

a3

41

.79
119.
.35
124.
13

25

16
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TABLE A.

2

(1967 = 100)

TRANS

109.
.26
114.
114.
114,
114.
114.
113.
.69
.56
.92
104.
103.

112

112
109
105

102
100

99
99
99
99
99
99
99
105

19

10
10
10
10
10
64

10
14

.18
.36
100.
.90
.65
.65
.65
.62
.45
.45
.40
113.

00

74

uso

94

94

91
91
91
100
102

102

100
100
100

100
100
106
114

.46
94.
.46
94.
93.
.45
.45
.45
.44
.34
102.
102.
.34
102.
102.
.00
.00
.47
100.
100.
100.
.63
.63
.78
.16

46

46
83

34
34

34
34

2
V]

63
63

Other
Toll

97.
100.
.67
.67
.67
.67
.67
.67
.67
.67
.79
.92
.80
.39
.06
.00
.90
.66
.60
.00
104.
107.

101
101
101
101
101
101
101
101
101
101
101
101
100
100

99
101
101
104

110
115
124

61
14

57
36

.68
.84
.46

Misc-

ellaneous

69
69
69

73.
13
77.
.32
.03
88.
.25
77
97.
98.
98.

75

80
86

89
90

99

101
105
106
11
122

152
169

.78
.82
.74

20

93

89

50
14
79

42
100.
.54
.99
.86
.49
.53
133.
.68 .
.29
187.

00

33

03
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TABLE -A.3

~ Qutput Quantities, Constant 1967 Dollars 1952-76

LOCAL INTRA TRANS uso Other Misc-
Toll ellaneous

1952 126.40 45.20 2.10 6.10 1.70 14.90
1953 137.00 48.30 2.40 6.90 2.30 16.90
1954 148.00 51.70 2.60 7.90 2.90 19.50
1955 162.90. 57.50 4.80 8.80 4.30 19.40
1956 181.70 64.00 5.70 10.40 1 6.30 19.30
1957 200.60 68.20 6.50 12.90 7.80 22.20
1958 216.60 70.10 7.50 14.20 9.30 25.40
1959 233.60 75.40 8.70 16.30 10.50 27.20
1960 250.90 78.80 9.50 17.30 12.50 28.80
1961 269.50 84.90 10.60 16.50 14.70 30.70
1962 289.60 100.10 12.10 17.90 °  18.00 32.50
1963 308.70 104.40 13.40 19.90 21.60 32.00
1964 325.00 112.50 14.80 24.30 30.20 32.20
1965 350.80 125.30 16.40 28.70 34.90 33.20
1966 380.70 137.00 19.60 34.70 ~40.00 34.40
1967 410.00 152.80 22.10 39.00 45.10 36.60
1968 437.60 164.70 25.30 42.70 54.10 38.90
1969 471.40 187.20 29.30 49.60 63.40 41.70
1970 504.30 198.70 32.00 55.60 72.80 45.20
1971 538.00 203.70 35.00 59.80 77.30 43.50
1972 579.80 220.90 42.60 71.30 90.90 28.40
1973 625.50 246.90 51.60 89.80 108.00 22.20
1974 679.40 277.20 64.30 104.20 119.70 22.40
1975  734.30 308.90 76.90 120.80  138.20 25.40
1976 779.70 332.40 81.60 129.00 156.70 29.30
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given in unrevised form. This is because other researchers may wish

to alter our procedure. The price indexes that we used differ by only a
single scalar in each year. In order to obtain our price indexes, multi-
ply the individual indexes in Table A.2 by the ratio of Total Revenue

(Table A.1, col. 2) to Unadjusted Total Revenue (Table A.1, col. 1).

The outputs are constant dollar local service revenue (LOCAL), toll mess-
age revenue within Bell Canada (INTRA), toll message revenue within Canada and
outside of Bell Canada (TRANS), toll message revenue on calls to U.S. and
Overseas (USO), Other non-message toll and Miscellaneous. The last category
is a combination of Directory Advertising, Rents and other residual revenue
sources. The sharp discontinuity ~ in this series is created by the formation
in 1971 of a separate corporation to handle directory advertising. We have

made minor adjustments to this series in 1971-72 to smooth the break.

The annual observations on the prices and quantities of capital,
labour and material inputs are given in Table A.4. The quantity of capital
is the constant dollar net stock shown in Table 7, column 3 of the Bell
response to the NAPO inquiry (NAPO). The labour quantity is the weighted
man-hours (in millions) from Table 6 of the same source. Materials in con-

stant dollars is from Table 3, col. 2 of the same source.

The price of capital services is the same as that used by Fuss and -
Waverman. -It is the sum of an expected real rate of interest of six per cent
plus the rate of economic depreciation all multiplied by the Bell Canada
telephone price index. The depreciation rate is defined as the ratio of
constant dollar economic depreciation (NAPO, Table 4, col. 3) to the stock
of capital (NAPO, Table 7, col. 3). The Telephone plant price index is given
in NAPO, Table 8 col. 2.
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' TABLE A.4
Prices and Quantities of Inputs, 1952-76
' Quantities (millions)
' Capita1(a) Labour (D) Materials(@)
' 1952 626.60 - 44.90 38.70
1953 690.40 46.10 41.60
1954 764.90 48.20 : 46.50
' 1955 - 871.30 51.90 N 53.30
1956 989.90 | 55.70 62.40
' 1957 1127.10 57.80 62.90
1958 1280.00 | 57.60 69.20
. 1959 1429.50 56.50 ‘ 72.90
1960 1579.10 54.60 76.10
1961 1721.90 52.40 79.40
' 1962 1860.10 52.30 85.10
1963 2004.00 ~ 53.50 89.70
. 1964 2150.40 54.40 | 89.80
1965 2283.60 55.80 98.00
' 1966 2431.20 57.50 101.90
1967 2585.60 56.60 98.70
' 1968 2734.00 55.50 1103.90
1969 2886.00 56.60 : 123.80
1970 3054.80 57.80 123.10
' 1971 3190.40 58.10 _ 146.50
1972 3334.90 57.50 147.60
' 1973 3493.00 60.40 149.90
1974 3653.50 63.90 151.70
' 1975 3808.90 © 64.10 149.10
v 1976 3978.90 . 67.30 159.60
3
contd ...
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Table A.4 continued
Prices .
Capital Labour Materials
1952 .107104 1.69303 .741602 .
1953 .104903 1.81627 .740384
1954 .103069 1.89562 ,752688 .
1955 .100474 1.97639 .756097
1956 .101772 2.02233 .785256 '
1957 .106881 2.11185 .801272
1958 .107180 2.22591 .813584 .
1959 .108826 2.33527 .828532
1960 . 108809 2.48666 .839685
1961 .108405 2.63202 .842569 '
1962 .110074 2.74387 | .854289
1963 .112139 2.83471 .869565 .
1964 .112478 2.90667 ’ .891982
1965 .115471 2.99505 .920408 '
1966 .122637 3.21050 .961727
1967 .131990 3.46077 1.00000
1968 .139274 3.75600 1.03272 '
1969 .150062 4.07077 1.07754
1970 . 158857 4.50004 1.12754 '
1971 .169790 4.94917 1.16382
1972 .185697 5.64473 1.22222 .
1973 .203335 6.02574 1.33422
1974 .231050 6.61295 1.53263 .
1975 .259583 7.57487 1.70490
1976 .281448 8.33328 1.86717 '
(a) Materials is a constant 1967 dollar quantity with a price index 1967 = 1.00. l’
gi?ggal is a constant 1967 dollar quantity with an unnormalized service /

Labour is a weighted man-hours quantity and a dollar per man-hour price.
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The price of labour is the implicit price derived by dividing the

quantity of labour into the total employee expense, (Bell Chart Book, p. 317,

col. 1 ). The price of materials is the implicit price calculated by
dividing current dollar materials (NAPO, Table 3, col. 1) by constant mater-

jals (NAPO, Table 3, col. 2).

C. Cost Shares

The cost shares for capital, labour and materials are given in
Table A.5. Bell Canada has steadily reduced the share of labour costs from
a high of 44 per cent to the current 28 per cent. Predominantly, the shift

was to a larger share of capital.
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TABLE A.5

Cost Shares of Inputs, Bell Canada, 1952-76

(percentages)
Labour Capital Materials’
1952 44 .24 39.06 16.70
1953 44.79 38.74 16.47
1954 44 .52 38.42 17.06
1955 44 .52 37.99 17.49
1956 42 .93 38.39 18.67
1957 41.67 41.12 17.20
1958 : 39.85 42 .64 17.50
1959 37.92 44.71 17.36
1960 . 36.55 46.25 17.20
1961 35.23 47.68 17.09
1962 34.09 48.64 17.27
1963 33.37 49 .46 17.16
1964 32.94 50.38 16.68
1965 32.08 50.61 17.31
1966 31.79 51.34 16.87
1967 30.81 53.67 15.52
1968 29.92 54.67 15.40
1965 28.91 54.35 16.74
1970 29.42 54 .88 15.70
1971 28.76 54.18 17.05
1972 28.87 55.08 16.05
1973 28.56 55.75 15.69
1974 28.19 56.30 ‘ 15.50
1975 28.09 57.20 14.71
1976 28.34 56.60 15.06

g 4 A ——
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D. Disaggregated Labour - 1952-72

Data for this period for seven types of labour are available from
Millen (1974). His Table A-22 gives price indexes for these seven types

from 1952-72. The labour types are:

1. Telephone Operators

2. Plant Craftsmen

3. Clerical Non—Supervfsors
4. Other Non-Supervisors

5. Foremen and Supervisors
Executive and Staff

- 7. Part-Time and Occasional

Millen's price indexes are weighted for quality and deflated by the price
of output. We have calculated an unweighted, undeflated price index for

each labour category using the fo11ow1ng method. Define,

w. - Millen's price index for labour type i (Millen, Table A-22)
L. - unweighted man-hours of Tabour input of type i

s. - Millen's implicit weight for labour type i

p - aggregate price index of Bell output (Millen, Table Af20)

s.-L. - Millen's weighted man-hours for labour type i (Millen, Table A-17)

o0 G OO S0 o of o0 SN SN =h W) an .l @
(o)}

We observe the variables, WT s SiLi and Li' Calculate the weights

S, = SiLi/Li . The new price index for labour type 1 , W is

m
W. = w. *s, %
i 1 i P

}
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3
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Unfortunately, the basic information underlying Millen's construc-
tion of disaggregated wage data is too weak to support econometric esti-
mation of demand functions for seven types of labour. To establish this

conclusion requires some careful comments.

In Appendix C, Table 2, there is an error. The column totals for

‘D and E are inconsistent with the disaggregated rows for these same columns.

The sum of rows one to six and row eight equals 233,273 for column C and
74,222 for column D. This implies that column E must change to 3.143

from 3.209. Table 4 in Appendix C must also be revised. The adjustment
factor is not 1.0608 but is 1.0831. Without this adjustment the sum of

the disaggregated labour costs in 1967 does not equal the aggregate employee
compensation in 1967. With the error corrected, for 1967 the total labour

cost is consistent but this is not true for other years.

Millen's disaggregated wage series imply that the sum of the labour
costs of all types equals $79.54 million in 1952 and $285.59 million in
1972. The actual total labour costs were $75.33 million and $317.85 million.
The adjustment mentioned in the previous paragraph will raise Millen's data
by a factor of 1.02102 to $81.21 million and $291.59 million. Since the
underlying man-hours data are identical for all these,calculatibns it
must be the wagé rate data that cause the errors. Millen's data simb]y does
not rise fast enough throughout the period. With the adjdstment for 1967,
total Tabour costs are consistent for that one year but in earlier and later

years problems arise.

It is possible to isolate two major problems in the data construction.

These do not explain all the inconsistencies but eliminate a large portion.

RPN )\ Py . - . . - AL
QT TN o < RN . S o
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We will first discuss the problems and then state our procedure. In the
construction of the disaggregated wage data, Millen assumed that the ratio
of total compensation to total wage payments was a constant across all
categories of labour for all years. "The implied assumption is that the
ratio of employee expense to basic wages is the same for all types of
labour in all years", [Millen, p. 102]. This is factually wrong and will
prevent the sum of disaggregated labour costs from equalling aggregate
labour costs unless a separate constraint on total labour costs is intro-
duced. It is not. For example, the Bell Canada Chart Book indicates that
from 1952-67, tqtal employee expenses were roughly 107% of wage payments
expensed. This percentage rose to 117% by 1976. Millen's disaggregated
wage data do not capture this upward trend after 1967. His assumption

is that there is no trend.

There is an error in the calculation of the wage rates for some
labour types from 1952-66. Millen (p. 102) states, "During this period
it was assumed that the price of other labour inputs moved by the same
percentage as the price index for aggregate labour input". 'Other labour
inputs' refers to all categories aside from operators, plant craftsmen
and clerical workers. Since these latter categories had average wage
ihcreases below the overall average wage increases, the 'other labour
inputs' must have had increases that were above the average. Millen's
procedure of using the overall average increase reéu]ts in the wages
of other labour inputs being too high in 1952 and subsequent years. This
would help to explain the observed excess of Millen's total labour costs

over actual total compensation in the years prior to 1967.
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It is not possible to simply correct these faults and construct
disaggregated wage rates that are consistent with the observed total
employee compensation. Consistency must be enforced in the construction

of the data which is what we have done.

Before specifying our methods, it should be clear that Millen's
‘basic sources do not provide sufficieht information to usefully distin-
guish relative wage changes amongst the four categories: Other Non-Supervisors,
Foremen and Supervisors, Executive and Staff, and Part-Time and Occasional.
For the years 1952-67, Millen applied the same growth rate to all categories.
This implies that the relative prices of these labour types do not change.

In fact Millen's data show some relative price changes but this must be an

error.

Our procedure is to reconstruct data for the four other categories
iisted in the paragraph above for the years 1952-67. This is done by
calculating the average increase in wages for these four types. Note
that Millenused the average increase for all types. The average 1ncréase

for the four types is applied to the 1967 wage data for each type to

construct the series back to 1952.

To enforce consistency in total labour costs, we have simply adjusted
all wage series by a constant in each year. Therefore in each year the sum

of the disaggregated wage costs equals the observed total employee expense.

The prices of the four labour types used in our estimation are shown
in Table A.6. The first three categories are self-explanatory. Given the

difficulties with Millen's data construction, we have aggregated the last

four categories in our list of seven and labelled it "all others" in
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Table A.6. For the benefit of those who might desire the data, Table A.7
gives the disaggregated price data for the four categories which we have
aggregated. Tables A.8-10 are updated versions of Millen's Tables A.16,
A.17 and A.22 respectively. Unfortunately, the last table has not. been

extended to 1976.
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TABLE A.6

Disaggregate Price Indexes for Four Labour
Categories Used in Labour Sub-Model*

Telephone Plant ATl
Operators Craftsmen Clerical Others

1952 1.296 1.879 1.490 0.418
1.359 1.967 1.553 0.472

1.426 2.003 1.592 0.494

1955 1.479 2.020 1.606 0.525
1.517 2.034 1.638 0.530

1.620 2.122 1.738 0.541

1.720 2.250 1.852 0.580

1.803 2.524 1.948 0.629

1960 1.875 2.567 2.026 0.690
1.952 2.699 2.098 0.757

1.976 2.690 2.147 0.815

2.008 2.872 2.191 0.835

2.056 2.930 2.245 0.858

1965 2.051 3.040 2.328 0.875
2.105 3.138 2.381 0.919

2.272 3.420 2.578 1.000

2.460 3.787 2.790 1.096

2.676 4.186 3.045 1.177

1970 3.027 4.706 3.382 1.287
3.796 5.335 3.828 1.376

1972 4.180 5.961 4.2 1.553

* Columns one to three are in dollars per unweighted man-hour.
Column four is a price index, 1967 = 1.00.
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TABLE A.7

Disaggregated Price Indexes for Other Labour Categories*

Other Non- Foremen and Executives
Supervisors Supervisors and Staff Part-Time .
1952 1.378 1.985 2.654 1.405
1.568 2.242 2.985 1.584
1.639 2.367 3.084 1.661
1955 1.735 2.547 3.248 1.763
1.753 2.581 3.261 1.788
1.777 2.647 3.324 1.832
1.912 2.832 3.555 1.967
2.103 3.080 3.834 2.077
1960 2.325 3.384 4.184 2.262
2.536 3.714 4.606 2.482
2.719 4.036 4.964 2.622
2.768 4.129 5.110 2.682
2.831 4.204 5.265 2.831
1965 2.901 4.300 5.394 2.771
3.035 4.536 5.657 2.934
3.322 4.899 6.147 3.212
3.652 5.330 6.680 3.776
3.924 5.714 7.141 4.205
1970 4.267 6.203 7.835 4.704
4.486 6.513 8.477 5.228
1972 5.062 7.349 . 9.565 5.961

* Each series is in dollars per man-hour

JPUPEER A e Y ~thihh



TABLE A.8

Man-Hours Worked (Excluding Construction)

(Millions)
Clerical Part-Time
Telephone Plant Nor - Other Non- Foremen and Executive and

Year Operators Craftsmen Supervisors Supervisors Supervisors and Staff Occasional Total

1952 18.317 8.304 7.770 4.065 5.503 2.946 1.494 48.399
1953 17.730 8.604 8.139 4.214 5.704 3.080 1.508 48.979
1954 18.967 9.167 9.080 4.478 5.124 3.336 1.625 51.777
1955 19.978 10.613 10.279 4.962 4.725 3.700 1.819 56.076
1956 19.616 11.762 11.658 5.754 5.217 4.175 2.061 60.243
1957 19.788 12.106 12.159 6.462 5.482 4.487 2.095 62.579
1958 18.022 12.493 12.015 6.617 5.337 4.645 2.125 61.254
1959 15.505 12.282 11.165 6.090 5.560 4.608 2.342 57.552
1960 13.938 11.922 10.844 5.739 5.424 4.802 2.385 55.054
1961 12.212 11.543 10.311 5.608 5.181 4.820 2.117 51.792
1962 12.190 11.162 10.496 5.677 4.957 4.986 2.129 51.597
1963 12.797 11.620 10.978 5.817 4.899 5.086 1.992 53.189
1964 12.711 11.960 11.463 5.948 4.609 5.457 1.940 54.088
1965 12.428 12.925 11.544 6.119 4,455 5.947 2.084 55.502
1966 13.139 13.108 12.447 6.662 4.607 6.312 2.034 58.309
1967 12.362 12.902 11.828 6.517 4,908 6.227 1.836 56.580
1968 11.741 12.432 11.370 6.294 4.800 6.143 1.781 54.561
1969 11.846 12.620 11.734 6.422 4.707 6.363 1.843 55.535
1970 11.303 12.829 11.704 6.780 4.867 6.833 1.817 56.133
1971 10.226 12.866 11.407 6.884 4.760 7.162 1.661 55.166
1972 10.076 12.501 11.445 7.080 4,865 7.516 1.642 55.125
1973 10.295 13.083 12.043 7.606 5.088 7.984 1.746 57.845
1974 10.126 14.432 12.893 8.143 5.286 8.702 1.986 61.568
1975 9.337 14.669 13.059 8.177 5.141 9.005 1.958 61.346
1976 9.291 16.134 13.630 8.259 5.618 9.418 1.916 64.766

901



r n S
I
— T — -

ST~

Year

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Weighted Man-Hours Worked (Excluding Construction)

TABLE A.9

(Millions)
Clerical Part-Time
Telephone Plant Non- Other Non- Foremen and Executive and _
Operators Craftsmen “Supervisors Supervisors Supervisors and Staff Occasional Total
12.092 8.373 5.959 3.917 7.639 5.483 1.463 44.926
'11.783 8.817 6.248 4.094 7.926 5.714 1.475 46.059
12.714 9.350 6.896 4.344 7.180 6.112 1.593 48.188
13.518 10.681 7.751 4.782 6.684 6.697 1.775 51.889
13.218 11.499 8.683 5.492 7.333 7.438 1.999 55.661
13.280 11.668 9.017 6.110 7.721 7.966 2.035 57.798
12.220 12.209 9.016 6.300 7.526 8.252 2.074 57.596
10.709 12.959 8.517 5.938 7.941 8.217 2.248 56.529
9.704 12.340 8.287 -5.658 7.782 8.547 2.278 54.597
8.551 12.168 7.935 5.548 7.507 8.690 2.043 52.442
8.451 11.862 8.076 5.601 7.260 9.011 2.019 52.279
8.720 12.313 8.450 5.714 7.179 9.254 1.889 53.518
8.605 12.549 8.825 5.855 6.737 10.022 1.834 54.427
8.400 13.233 8.847 6.006 6.481 10.886 1.946 55.799
8.777 12.948 9.370 6.434 6.650 11.399 1.892 57.470
8.281 12.892 8.962 6.362 7.067 11.286 1.727 56.578
7.928 12.744 8.707 6.221 6.924 11.204 1.761 _55.488
8.029 13.031 8.993 6.333 6.760 11.573 1.879 56.598
7.730 13.266 9.023 6.665 6.956 12.340 1.855 57.835
7.067 13.257 8.795 6.740 7.050 12.788 1.701 57.398
6.998 12.928 8.821 6.912 6.895 13.308 1.684 57.546
7.131 13.506 9.272 7.414 7.169 14.071 1.812 60.375
6.971 14.571 9.788 7.880 7.350 15.225 2.069 63.854
6.451 14.763 9.944 7.967 7.161 15.823 2.040 64.149
6.431 16.157 10.385 8.073 7.782 16.514 1.997 67.337
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TABLE A.10

Price Indexes for Disaggregate Labour Inputs

Clerical : Part-Time
Telephone Plant Non- Other Non- Foremen and Executive and ,

Year Operators Craftsmen Supervisors Supervisors Supervisors and Staff Occasional Total

1952 2.016 1.913 1.994 1.744 1.734 1.739 1.750 1.782

1953 2.092 1.963 2.069 1.864 1.855 1.859 1.871 1.905

1954 2.180 2.013 2.149 1.947 1.936 1.940 1.953 1.989

1955 2.230 2.048 2.173 2.015 2.004 2.008 2.022 2.059

1956 2.288 2.114 2.235 2.055 2.044 2.048 2.063 2.100

1957 2.440 2.225 2.369 2.147 2.135 2.139 2.154 2.194

1958 2.542 2.307 2.474 2.249 2.237 2.241 2.257 2.298

1959 2.475 2.267 2.420 2.230 2.218 2.223 2.238 2.279

1960 2.542 2.341 2.502 2.358 2.345 2.350 2.367 2.410

1961 2.629 2.415 2.571 2.501 2.487 2.493 2.510 2.556

1962 2.727 2.528 2.670 2.648 2.633 2.639 2.657 2.706

t? 1963 2.817 2.591 2.722 2.724 2.709 2.715 2.734 2.783

s 1964 2.917 2.682 2.801 2.793 2.778 2.784 2.908 2.854
) 1965 2.917 2.855 2.920 2.879 2.864 2.870 2.890 2.943

| 1966 3.085 3.110 3.097 3.077 3.061 3.067 3.088 3.145
B 1967 3.320 3.350 3.331 3.331 3.313 3.320 3.343 3.404
1968 2.957 3.586 3.537 3.514 3.476 3.483 3.632 3.698

) 1969 3.817 3.919 3.841 3.778 3.740 3.728 3.916 3.988
/ 1970 4.092 4.208 4.506 3.978 3.967 3.976 4.223 4,299
1971 4.698 4.428 4.246 4.047 4.184 4.193 4.509 4.590

1972 4,999 4.787 4,538 4.328 4.499 4.509 4.851 4.939
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II. Construction of the Direct-Distance
Dialing Access Indicator

We define the access technological change indicator (A) as the per-
centage of telephones with access to direct-distance dialing facilities.
Data on A are available only since 1962, so a series must be constructed
for the 1952-61 period. We do have available for the complete 1952-76
period a data series on the percentage of toll calls completed by direct-
distance dialing (DDD). The problem is to link the two series and use the

linkage to forecast the missing data on A.

We begin by assuming that long-distance callers learn over time
the advantages of using the DDD facilities that are available. We model
this learning process by specifying a logistics learning curve relationship

between DDD and A of the form

DDD = A - B(t) (A.1)

where t is time. B(t) represents the learning process and is specified

as

B(t) = 1/(1+e%™BY) (A.2)

Note that 0 < B(t) <1 , and B(t) represents the utilization rate of
available direct-distance dia]ihg facilities. Equation (A.1) can be

rearranged to yield

A = DD .- (1+e*1P (A.3)

Equation (A.3) was estiméted for the period 1962-77. The results are presented
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in Table A-11. The estimates of o and B8 were used in equation (A.3)
to forecast the values of A for the period 1952-61. These values appear

in column 2 of Table 5-1 of the Report.

TABLE A-11

Results of Estimating Logistic Relationship
Between A and 0DD

Parameter Estimates R D.W. Statistics
o 2.88 0.91 0.59
(0.17)
B: -0.236
(0.012)
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FOOTNOTES -

Chapter 1

1. For an explanation of this effect see Averch and Johnson (1962).

Chapter 3

1. This is derived in May and Denny (1979). Behavioural assumptigns of

some kind must be made to derive any results. For this.particu1ar one,

example, Northern Electric supplies Bell Canada at non-competitive
prices. |

2. These particular weights depend on the assumption that output is
produced with constant returns.to scale. A1ternafive weights may
be calculated in other cases. The basic relationship remains

unchanged.

3. Laspeyres aggregation is the method underlying Olley's total factor

productivity measures discussed in section 3.3.

4. It should be noted that our index uses gross outputs, not real
value-added as output measures and consequently includes material
inputs as factors of production. This procedure is often not
followed and it will render casual comparisons with productivity

' the input markets must be competitive. An error will occur if for

measures based on real value-added such as Olley's measures difficult.

o N /’“’“’)
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Chapter 4

1. The effect of non-marginal cost pricing can also be analysed in the

single output case. In that case equation (4.21) becomes

L MC-Q P-Q:
-B = TFP + [}‘E"‘ —Eé] q

which is the single output counterpart to (4.27). We have left the

effects of departures from marginal cost pricing to the multiple

output case since interesting issues such as cross-subsidization

can be explored.

2. In this section we consider the case of a single output.

output case is completely analogous and easily derived.

3. For the multiproduct case, equation (4.37) becomes

. * . . SK .
_g - Z sCQij - Fp - 4X [%Lw + Sym + [77} %}

J

The multiple

4. Note that in the multiproduct case this result would only be true

under marginal cost pricing.

Chapter 5

1. These include number 5 crossbar, electronic and SP].

2. In Chapter 2, we discussed the possibility of developing output

measures based on messages. Incorporation of these measures into

the estimation of the cost structure is a natural avenue for future

research.

<J\/\73,§ﬁ
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In the estimation of the three output model, this specification pro-
vided the most satisfactory results. In fact, in comparison with
the general second drder translog expansion of C(w,r,m,Q],Qz,Q3,T),
where T 1is any one of the four technicai change indicators, the
model specified in the text was superior, using a goodness-of-fit
criterion, even though it contains three fewer parameters. The
maximized likelihood function was higher and the residuals exhibited

more evidence of randomness.

This model performed considerably worse than the three output model

reported in detail in the report.

f«f/'; rJhxﬁ‘puﬂlf\u\‘ﬁs :Iﬂ:f”fﬁqu““”ﬁ!”ﬁ
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