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Productivity growth in Canadian
telecommunications

MELVYN A. FUSS University of Toronto

Abstract. Canadian telecommunications firms do not price proportionately to marginal cost.
The prices of toll services tend to be above marginel costs, whereas the prices of basic local
services are typically set below marginal costs by regulators. In such circumstances, estimates
of e growth using the conventional Tdrnqvist (Divisia) formula which weighis ontputs by
revenue shares in determining the rate of growth of aggregate output is theoretically incorrect
and needs to he replaced by a formula which uses cost elasticity weights. Empirically, the
conventional Tomgrisl index yields a very distorted piclure of cfficiency gains in the two
largest Canadian telephone companies during the 1980s. For Bell Canade, 1 calculate the
upward bias to be approximately 75 per ceml over the period 1980-9 and 30 per cent over
the period 1985-9. For ec. Tel a similar calculation yields an wpward bias of 37 per cent
over the period 1980-¢ and 48 per cent over the period 1985-9.

La eroissance de la productivité dans les 1élécommunications au Canada. Les entreprises
dans le monde des télécommunications au Canada ne pratiquent pas une tarification propor-
tionnelle au colit marginal. Les prin des services interurbains tendent A s'énablir au dessus
des collts marginoux tandis que les prix des services de base sont généralemert fixés au
dessous des coliis marginaux par les agences de réglementation. Dans ces circonstances, les
évaluations de la croissance de la productivité totale des facteurs de production fondées sur
la formule Témquist (Divisia) - qui pondre les exirants selon fa portion des revenus qu'ils
engendrent dans la détermination du taux de croissance de 1a production agrégée — est incor-
recte sy plan théorigue et doit étre remplacée par une formule qui ulilise des pondérations
déhinies & partir des élasticltés des codis. Empiriquement, 1'indice Témgquist donne une image

* distorsionnéc des gains d'efficacité des deux grandes entreprises cavadiennes de téléphone

an cours des années 1980. Pour Bell Canada, I'auleur calcule un biais 3 la hausse d’a peu

Aaq initial version of this paper was writien while the author served as a consultant to Unilel
Communications Inc. and was fifed with the Canadian Radio and Telecommunications Com-
faigsion in June 1991 as pant of the Long Distance Interconpection Hearings, Thanka are due fo
Michael Denny, Michael Harbum, and David Wit for comments on the initial version; to Jeffrey
Bemstein, Frank Kiss, and Robert Olley for comments on a later vession, and to Siephen Mwphy
for excellent research assistance. The views expressed in this paper are those of the author alone
and should not be aitributed to Unitel or fo the individuals named above.

Canadian Jourma! of Econamics  Revue canadienne d'Economiqoe, XAVH, No, 2

E:S 3uy mal 1994, Prinied in Cansdt impeims b Canada
B OO0R-ANRS 7 04 7 17107 €1 SN T Fanadiong Coeton & e ot oet

-



372 Melvyn A. Fuss

Eri ériode 1985-9. Pour
123 75 pour cent pour la période 1988-9 et de BO pour cent pour la pério E
s.c. Tel, Ees calculs similaries montrent un biais 3 la hausse de 37 pour cent pour la période

1980-9 et de 48 pour cent pour la période 1985-9.

1. INTRODUCTION

Empirical estimates of productivity growth play an increasing 'rolc_ in th: reg-
olation of telecommunications, one of the most important service industries in
industrialized economies. This is true whether rates (prices) are regulaied through
the utilization of traditional rate-of-returnrate-structure considerations ar through
the newly emerging 'price caps' form of regulztion. In the recently complgted
Canadian Radio-Television and Telecommunicalions Comunission (cn’rf.‘) Hearings
{carc) 1992 regarding the possibility of competition in public lo-ng-dlslance tele-
phone service (hereafter denoted Interconnect Hearings), productivily growth was
a central area of deliberation as & part of an attempt to evaluate both the past and
forecasted fulure performances of monopoly providers of ioll service and the effect
on industry performance of the introduction of competition. .

The voluminous data submitted by Bell Canada and British Columbia Telephone
{n.c. Tel) during the Interconnect Hearing. provide us with an opporlun-jl).f to up-
date through 1989 previous published est males of total factor prqduclwﬂy (TF-P]
growth for Canadian telecommunications (he most current of which stopped in
1980 (Denny, Fuss, and Waverman 1981: Denny. Fuss, Eversun,.and Waverman
1981; Denny, de Fontenay, and Wemer 19%3a; Kiss 1933; Bernstein 1989,

Both Bell Canada and a.c. Tel have continued to present estimates of m.gxowt.h
in various rate hearings during the 1980s. using the conventional 'I"ﬁ.rnqwsl (Di-
visia) formula which weights outputs by revenue sh'ar?s in determining the rat'c
of growth of aggregate output. One of the characteristics of the r?gulatory envi-
ronment within which Canadian telecommunications firms operate is that firms do
not price proportionately to marginal cost. The prices_ of toll services tend to be
above marginal costs, whereas the prices of Jocal services are typically set by. the
regulatory authorities below marginal costs.! In such circumsiances, where prices
are not set proportional to marginal costs and when the goal of: TFP gmu-t.h gnea-
surement is to calculate the growth in production efficiency (as it usually is),” the
use of revenue share weights is theoretically incorrect and needs o be replaced,

broad service -alegorics — lacal and will. It will not be true for

is i t t for the .
E e e o e jces category of local service is probably priced

4ll subaggregates. For example, the enhanced ser

inal cosL '
2 ;:?;E::g cate of production efficiency in this + ontext rc’fers_ ta the net effects of techmical
change and efficiency improvemenis due to oulpil expansion i the presence of 1ml:r‘casmg refums
ta scale. Intertempora) improvements in X-inefficiency will be included in the =Enp|ncal TP
growth numbers, even though the uaderdying the-retical made) assumes production m_k:s place
on the efficien frontier. Changes in allocative ¢l rcicncy due to movements of prices io gencml
ded, exc nt indirectly to the extent that lower prices

towards marginal costs will not be included, ‘
indice ontpwel expansion in the presence of incr- <ing retnrns.
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when possible, by cost elasticity weights (Caves and Christensen 1980; Denny,
Fuss, and Waverman 1981).%

Denny, Fuss, and Waverman (1981, table 12) show that for Bell Canada over
the period 1952-76, use the conventional measure leads to an upward bias of 19
per cent in the estimalion of annual efficiency gains.* One of the main results of
this paper iz the fact that during the 1980s the upwaerd biss increased substantisily,
so that the convenlicnal 17 index yields a very distorted picture of efficiency gains
in the two largest Canadian telephone companies. For Bell Canada, I calculate the
upward bias to be approximately 75 per cent over the period 1980-9 and 80 per
cent over the period of 1985-9. For .c. Tel a similar calculation yields an upward
bias of 37 per cent over the period 1980-9 and 48 per cent over the peried 1985-9.

II. REVENUE WEIGHTS YERSUS COST WEIGHT IN THE MEASUREMENT
OF TFP GROWTH

The majority of Canndian telephone companies calculate Tre growth employing
what has been called the ‘conventional’ Torqvist {Divisia) index of rvp (Denny,
Fuss, and Waverman 1981). This conventional measure has been used extensively
in the calculation of 7¥p in studies of the overall economy, major sectors such
as mannfacturing, and subsectors like the two-digit manufacturing industries (e.g.,
food and beverages). The appropriateness of its use in such settings is now well
established, in both academic circles and government statistical agencies. But this
conventional measure is not appropriate (from a conceptual perspective) for deter-
mining productivity growth in the case of telephone companies such as Bell Canada
and pc. Tel. The latter slalement is true for any sitvation similar to that found in
telecommunications — substantial departures from price/marginal cos! proportion-
ality and unequal growth rates of ontputs.

The conventional Tornqvist index for measuring T¥p growih between years 1 — [
and ¢ is calculated from the log difference formula:

AlogTre® = Alog Of — Alop X, (1)
where

Alog 0% = I(1/2) - (Ry + Ryy—1) - llog @y — log Q1,11 )

AlogX = Z(1/2) (S + S1.-1) + [log Xie ~ log Xy ). (3)

3 The change in weighting procedures is the result of replacing output prices by marginal costs
in the canventional Témgyisl (Divisia) focmola. The analyses of Caves and Christensen (1980)
and Denny, Fuss, and Waverman (1981) are specific o this fonctional form. For 2 theoretical
justification of the statement in the text as applied to any exact index number aggregation farrmula
see Diewert (1991, theorem 1). In cw7c {1932) the commission concluded that cost weights are
superior to revenue weights for the rcasons stated in this paper, and it appeared to direct the
telephone companies to provide cost-weighted T7P growth estimates in finure hearings.

4 The conventional {revenue weighted) measure was 3.35 per cent per annnm, whereas the cost
elasticily weighted measure was 2.81 per cent per annum, resulting in an upward bies of (3.35 —
2.80)/241 = 0.19.
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374 Melvyn A. Fuss

Q@ is the amaount of the ith output produced at time ¢;
X, is the amount of the ith inpul utilized at time 1

R; is the revenue share of the ith culput in tetal revenue;
S, is the cost share of the ith input in total cost.

The superscript R indicates that revenue weights are used in the calculation of -

Alog Q. Alog Q@ and Alog X are often referred to as the rates of change of apgregate
output and aggregate input, respeclively, since they result from procedures that
aggregate the rates of change of individual outpuls and inputs.

1 has been recognized since the late 1970s thal a crucial assumption used in
establishing the linkage between Alog @® and the annual change in production
efficiency is that oulput prices are in the same proportion to marginal costs for all
outputs at any point in time. This is an inappropriate assumption in the case of
many regulated firms, including Canadion telecommunications firms, since for these
fims the price of toll output (as a broad service calegory) exceeds the marginal
cost of toll production, and the local scrvice price (including the access price?) is
less than the relevant marginal cost. Empirical support for these assertions can be
found in Fuss and Waverman (1981a,h), where Bell Canada prices are compared
with econometric estimates of marginal costs. This pattern of cross-subsidization
eliminates any possibility that the proprtionality assumption could be satisfied in
the historical data.

In an appendix { formally demonrate the fact that equation (i1} measures
production effictency growth only wher the price/marginal-cost proportionality as-
sumplion holds. I also demonstrate thai. when this assumption does net hald, the
correct form of the 77p index for a cost minimizing firm is

Alog et = Alog OF — Alog X, 4)
where
Alog G = E(1/2)- (M + Mi, ) - 'og O — log O ). &)

and M, is the cost elasticity of the /lh outpul divided by the sum of the cost
elasticities, summed over all outputs. \fy is denoted a ‘cost elasticity share' to
distinguish it from the cost elasticity itself. ’

The above definition of Alog Q¢ differs From that found in Caves and Christensen
(1980), who replace the revenue shares with cost elasticities rather than cost elas-
ticity shares. Whether the average cost vlasticities or average cost elasticity shares
are the correct weights for weighting the rates of growth of the individual outputs
depends on the definition of 17p utilized. I productivity growth associated with
scale economtes is excluded from the dcfinition, the correct weight is the cost elas-
ticity. This will be the case when Trr growth and technical change are by definition

5 Access is inclt{dad as one of the outputs in the subaggregate ‘local’ in the productivity accounts
of mnst Canadian 12leptinne companies, inchling Bell Canada and s¢. Tel.
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synonymous. If scale economies are included as a potential source of TFe growth,
the correct weight is the cost elasticity share. Both definitions of Tre growth can
be found in the productivity literature. However, Canadian telecommunications TFp
growth rate estimates produced by both ecademics and the telephone companies
are clearly intended to include any productivity change due 10 non-constant retumns
to scale in their measures (see Kiss 1983). Therefore the aggregation weights that
are appropriate for providing estimates of 17p growth rates for Bell Canada and a.c
Tel involve the use of cost elasticity shares.

Which cost elasticity shares to use depends on whether one believes a short-
run mode] (with capital quasi-fixed) or a long-run model (with capital variable) is
appropriate. From the point of view of T/ growth measurement, the difference in
mode! implies a difference in the valuation of the capital input, both in the calcu-
lation of the output cost elasticity aggregation weights and the jnput aggregation
weights. For the long-run model, the capital input is valved at its wser cost. For the
short-run model, the price of capital services to be used is its shadow value at the
point of temporary equilibrium.” In this paper, I present estimates for Bell Canada
based on both models. For Bc. Tel, only estimates based on the short-run model

-are possible, since no user cost data are available.?

Oue of the main objections to Lhe use of cost weights that has been raised is the
fact that unlike revenue shares, cost elasticity shares, whether based on user cost ar
shadaw-price valuation of the capital input, are not directly measured in the basic
productivity data provided by the telephone companies. In section v I discuss the
measurement of these shares. Before tuming to that issue, however, I provide an

outline of the data used in this study.

111. DATA AND DATA SQURCES

The basic data on the prices and quantities of outputs and inputs are taken from

6 When production is subject to constant returns to scale, scale economies do not comtribute to
7r growth and the two possible definitlons of TFp growth coinclde. Also, this is the case where

the cast elasticity share and the cost elaslicity are ldentical, since with canstant retums to scale
the cost elasticities sum o unity. The ahove stalcmenis are direcily applicable to a long-run
equilibrium analysis. With respect to 8 short-run equilibrivm model, these statements remain
volid 25 long as the output cost clasticities are besed on shadow-price valuation of the quasi-
fixed inputs, (See fn? for further elaboration on the different implicalicns for TFe measurement of
fong-run versus short-run equilibrium models.) .

7 Maost TFr growth calcolations for telecommunications are based implicitly on 2 long-run model,
since the user cost of capital services is used for the capltal input price. Bue, as Bemstein (1988,
19%89) has emphasized, given the capital-intensive natore of the production process, it may be
that the short-ron model is more appropriate. In the single output case Bemdl and Puss {1986)
have shown that (e short-run mode] can be implemented through the replacement of the user
cost of capital by a shadow valuc in the calculation of the input aggregation weights. Berndt and

Fuss (1989) extend the analysis to the multi-putput cesc and demonstrate that the appropriate
procedure is, in addition, to replace the user cost with the shadow price in the calculation of the
cost-elasticity shares.

8 li may seem strange thal user costs are unavai
cussed below, I shatl be approximating shadow values by using resd

data can he obtained from the productivity data bases.

lable but shadow values can be ohtained. As dis-
dusl rates of retum, and these

N L v . G . .
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376 Melvyn A. Fuss

s productivity studies, which were submitted in evidence
arings.” The Bell Canada data cover the period 1952-

isi by Denny,
1 a revision and update for the 1980s of data used by
AL and Bernstein (1988, 1989). The reader

-erman (1981}, Kiss (1983), !
is;"sr:f:::d“iz\g:e :rticleg for an extensive discussion of Ihe: data. Pncels an:;
quantities (constant dollar outputs) are available fo§ three categories of output: Ioa:]1
services (menopoly local, access, compelitive terminal), toll service (monopuly lo E
competitive network), and miscellaneous service (afl other) and three c.alegor;:]s ;
input: labour, capital, and materials.!? The Bc. Tel data caver the period l9. -9
and are constructed in a manner very similar to th:ft olf'lhe Bell data, resulting in

t and same three inpul calegories. _
thesgz;qﬁi:; ttl:)ucal(:ulate cosl elas?i:ity shares :u'elthe annual cost allocalion
studies,'? which have been filed annually with the crrc since (979 (ex.cep( ‘1985)'by
Bell Canada and intermittently since 1980 by B.C. Tel. A more extensive discussion

of these data is contained in the next section of the paper.

Bell Canade and Bc. Tel’
at the Interconnection He

yv. ESTIMATION OF COST FLASTICITY SHARES
for each output to be apgregated is a datum

' uire, at the most basic level, 2 gALC
Tts orope e output. As noted earlier, in the case of

i i i f th
that is proportional 1o the marginal cost 0 u . > cas
signiﬁgnt cross-subsidization such as that we find in Canadian telecommunications,

the price of the output is 2 poor gpproximation of .the req.uired datum. This is wh;:
the revenue share is a peor choice as an aggbr;ga;-on lxlvexghl and an atlempt mus
i cost elasticity share M; direcly.
b 'II'nhE:iz t:x: stl:-ga:frou::dures that h;}ve been used to esti.mate m.arginal cost {or
equivalently the cost elasticity share). The first procedure is 1o esumaleban :;conc-
metric mulliple output cost function. This procedure has been used y Denny,
Fuss, and Waverman (1981), Caves and Christensen {1980), Caves, Chrls'::’,insm,
and Swanson (1980), and Kim and Weiss (1989), amqng others. 'Il'!c second pro-
cedure is 1o utilize the results of cost allocation studies 1o approximate the cost

elasticity weights. This procedure has not been employed previously in telecom-

in evidence will usc the notaden adopted by the CuTC to identily
2 ot an he found in Bell(Unitel}28Dec90-251.
frogatories posed by Unitel to Bell on
in B.C. Tel{cRTC)28Decd0-2214, Attach-

9 All references to dasa submikt e
documenss. The basle Rell Canada productivity data ¢
This document is liem No. 253 of the responses lo intel
28 December 1990. The basic B<. Tel data can be found

10 :cgl:l::iled categorization of outpuls and inputs info the aggregates presenied in the productivity

i 3201, Supplemental. The catcgorization of outputs
:a;cmuslﬁdh;nfl:ucn:’e;:l il:etg(emlnitbt:uﬁuﬁon. lIJ‘l’here have been some changes 5I:I erminology
over the years, which are detailed in the cited Bell response to a CRTC intcmg‘a'n_(::}&au can e
11 Burther [nformation on the methodology used to construct the B.C. Tel productivity
found in Olley and Le (1984). . ) '
127 These studies were called ‘Five-Way Split’ sfudies prior to
“Phase 1w stusties.

1986 and since 1936 have been called
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municatians, but was used by Christensen et al. (1985, 1990} in their analysis of
the United States Postal Service 7rp."

Estimation of a multiple output cost function would appear to be an obvious
way to obtain the needed cost weight information. The logarithmic derivatives of
the cost function with respect to the individual outputs provide the cost elasticities
needed to construct the cost elasticity weights, However, this methed is not without
its problems. For both the United States and Canada it has proved difficull to
obtain well-behaved mulliple output telecommunications cost function estimates
with positive cost elasticities. This appears to be especially true when data for
the 1980s are added to the sample.'* Even when cost functions with satisfactory
theoretical properties have been obtained, the economic characteristics estimated
have remained a subject of controversy (see Kiss and Lefebvre 1987; Fuss 1992).
Finally, with econometric cost functions, at most three aggregate cost elasticities
can be obtained, whereas for the cost allocation data used in this study, seven cost
elaslicities can be obtained, permilting a more disaggregated analysis, !5

In a similar kind of setling, Christensen et al. (1985) proposed as a practical
empirical epproximation to the required marginal cosl datum the average (unit) al-
located cost obtained froin cost allocalion studies. The use of cost allocation studies
relies on the fact that the methodoiogy of cost allocation ieads lo careful attempis
to allocate costs to service categories that are causally related to the production of
those services. In Canadian telecommunications cost studies {unlike those under-
taken in the United States), not all costs are allocated, since it is recognized that
some costs, the ‘common costs,” cannat be allocated on a conceptually sound basis.
The procedures adopted by the cric use peak traffic in the atlocation of usage sen-
sitive cosis and hence the costs allocated are more closely related to incremental
costs than is the case in the United States.

It is wel! known that the use of allocated costs to proxy marginal costs can be
problematic. Accounting procedures and ecenomic causality do not always mesh. In
addition, incremental cost may not be constant over the range of output considered.
But the approximation has several advantages. The major advantage is that, despite
the limilations of the cost allocation exercise, unit allocated cosls can be expected
to satisfy much more closely the proportionality requirement than prices, given the
very large cross-subsidization from toll to local services, which is at the centre

13 The cost allocation data have also been used by Curien (1991) o study the pattem of cross-
subsidies in the Canadian telecommunications industry, His paper contains an example of the kind
of information that is avaitsble from typical cost-aflocation studies of Bell Canada and a.c. Tel
(see table ] of his paper).

14 The two papess of which I am aware that estimate cost functions using Canadian data from
the 1980s {Gentzoglanis and Caims (1989), Ngo (1990)} are plagued with Iack of regularity
andfor cost elasticity estimates thet are negative. Highly trended outpul dala and inadequate
technical change indicators appear to be particularly problematic with respect 1o the 1980s dria,
For discussions of difficulties with the U.S. data see Waverman (1989), Roller (1990) and Diewert
and Wales (1991).

I5 As discussed below, I only use three cost clasticities in this study due to limitations in the pro-
ductivity data which ore cusrently available.
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378 Melvyn A, Fuss

of Canadian public policy towards telecorwnunications,'® Hence 1rp growth rates
constructed from allocated cost weights v.ill provide a more accurate picture of
efficiency changes that Tep growth rates . onstructed from revenue weights.!” As
noted earlier, under the Phase o1 system custently in use by the crre, cost allocation
can provide weights for as many as seven outputs, in contrast to the two or three
potentially available from economeiric cost fenctions.'?

TFP estimates are often used by regulalors and by the management of telecommy-
nications carriers as one of the indicators of firm performance. (For a discussion of
the use of T7/¢ by management for plannine purposes see Denny, de Fontenay, and
Wemer 1983b.} In this context, estimation f cost weights from cost allocation data
as opposed o cost function estimation ha: a number of practical advantages. Like
prices, unit allocated costs are auditable as part of the ongoing process of regula-
tion. Allocated costs are available to the firm on a timely basis {(unlike econometric
estimates), so TFP measures constructed {rom cost weights can be uvsed to track
cumrent improvements in a fim's efficien. y. Finally, the regulatory authorities do
not have to be involved in the difficult problen:s associated with the evaluation of
econometric cost functions.

The cost elesticity shares M, can be e pressed in tenns of original costs as

My = (Qi - MCi )/ (EQu - MCar), (6

where nc;, is the marginal cost of the 1" output at time 1. Replacement of Mcy
in (6) with a constant of proportionality imes the average allocated cost (service

category | ) yields the altemative expressi n for M,

16 [ have compared, for Bell Canada, price/margin:! cost ratios calculated for 1978 by Fuss and
Waverman {1981b) with unit allocated cost/roarcinal cost ratios for 1979 calculated from Fuss end

‘averman (1981b) and the cost allocation studi- <. The results were as fallows:

Local  Tolf

073 317

Price / masginal cost
1.33

Unit allocated cost / marginal cost  1.04

17 One of the referees makes the valid point that Il ¢ regulatory process may bias the cost weighus
based on cosl-allocation studies away from the 1iue cost weights in such 3 way as 10 lead to an
ovecstatement of the bias associaled with using revenue weights, Since rates Tor telecommuni-
cations services are based on allocated costs, I desire of the regulated firm (and perhaps the
regulator) in rocent years to mate rebalance {incrinse Jocal retes and decrease toll rales) provides
an incentive for the pracess (o allocats excessive oosts 10 local services. An example consistent
with this incentive is the change in the procedus (o allocate the gross receipts tax that occurred
after 1981. This change in procedure resulied it a tansfer (o local services of costs that had pre-
viously been allocaled to message tol] services. When I made an approximete reallocation of this
(ax to try lo mainiain consistency over the whel : 1979-89 period, however, the resolt was only
# small change in the cost-weighted 172 growth rate. This reverse bias passibifity, while certainly
redl, is likely to cause only & minor adjustment io the large biases thai [ calculate.

18 In praclice, it appears that when well-behaved eonometric cost functions can be ohtained, the
cast allocation and econometric cost function procedures resoll in similar adjustments to the
revenue-weighted TFP nuinbers. In the empirical results presented below, ! compare Bell Canada
cost elasticity shares for 1976 derived from an ccenpmetsic cost function, where marginal cost
elasticities are estimated directly. with 1979 she-es derived from cosl allocation. The tesults ere

avile clhse.

s
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_ __costs allocated lo service category i
total costs allocated (excluding Common) @

My

= allocated cost share (service category / ). (8)

Cost elasticity shares for the broad service categories toll, Jocal (including ac-
cess) and miscellaneous (other) were calculated, using equation (7), from Bel]
Canada's cost allocation studies for the years 1979-84 {Five Way Split) and 1986
9 (Phase 1) and from s.c. Tel’s cost allocation studies for the years 1980 and 1983
(Five Way Split) and 1986-9 (Phase m). The missing data in the 1979-89 period
were obtained by interpolation. A more disaggregated breakdown of cost elasticity
cstimales corresponding to a finer division of outputs was not calculated because
the telephane companies® public productivity accounts do not provide the necessary
output data.!’®

I now tum (o some of the details involved in the calculation of cost elasticity
weights for Bell Canada. Bell Canada's cost allocation data are constructed so that
total cost is equal to total revenue. This fact implies that capital expenditures are
valued at the residual rate of return.” In order to construct cast elasticity shares
appropriate for the long-run model, where capital should be priced at the user costs,
capital expenditures were multiplied by the ratio of the user cost of capital to the
per unit (of capital) residual return, The construction of the cost data appropriate
for the short-run mode] was more problematic. Berndt and Fuss (1986) demonstrafe
that the expected shadow value is the correct price of capilal to be used. In the
case of competitive behaviour and constant returns to scale, Berndt and Fuss (1986}
and Hulten (1986) show that the per unit residual return is a reasonable approxi-
malion to the expected shadow price. For telecommunications, constant returns to
scale and competitive behaviour are not reasonable assumptions, Nevertheless an
argament can be made that use of the residual rate of return will place a bound
on the difference between the Tre growth rates calculated using the long-run and
spon-mn models. This result is due to the nature of telecommunications regula-
tion in Canada, in which the regulatory commission seeks to guarantee both the
regulated firm and jts custoreers that the firm will, over time, eam a rate of return
cloge to its cost of capital. If the finn earns too high a return relative to its cosl of
capital, it can expect steps to be taken by the regulators to reduce that return (such
as the rebates to customers required of Bell Canada in the late 1980s), If it eamns
too low a return, the firm will expect relief to be granted in the form of higher prices

I3 The most irr!pona.m disapgregation for cotrecting the revenue-weighted TFP estimates is the
tollilu'cal SpiiL. The potentially next most important disaggregation (nol available in the public
dota) is the split of local service into the <ategories of monopoly local, competitive tarminal, and
access. MOIEOFOI}‘ local is probably priced above marcginal cost and sccess is almost surely ;;riced
bel‘ow marginal cost. Compelitive terminal may be priced close fo marginal cost,

20 This p.roccdum_ {s in contrast lo Bell's productivity data, where the user cost of capita is the price
of capital services and 1otnl revenve does noy neeessarily equal totn) cost,
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TABLE 1
Bell Canade output shaves — cost weighis based on loag-run mode]

for its services. As a consequence, the expected shadow value will be somewhere

between the realized ex post retum and the vser cost. For Bell Canada, as | show
below, the results are insensitive to whether we use the user cos! of capital or the Lucat Toll i
residual return to valve capital. Hence the 1/ growth rale and bias calculations Misc.
over the 1980-9 period are robusl to the model specification {short run versus long Year Revenue® Cost” Revenue” Cast® Revenue® Cost®
Tun). . 1952 0.688 0.907 0312 0.093
For the more distant historical period, cost allocation dala are not available. 1 1953 0.690 0.004 4310 0097
have utilized cost elasticity share estimates for Bell Canada for the period 1952-76 1954 0.690 0.903 0.310 0.098
from Denny, Fuss, and Waverman (1981), who used the econometric cost function Il‘;;g 0.677 0.893 0.323 0.10?7
methodology 1o estimate the elasticities. Since their model is a long-run model, wrp 1957 g_-g;’g g-:gg g.g%} g_: ]lg
growth rate resulls are provided prior to 1980 only for this case. 1958 0.679 0.850 0.322 one
Tables 1 and 2 contain the revenue shares and estimated cost elasticity shares for 1959 0.680 0.876 0320 0123
Hell Canada for the long-run and shornt-run models, respectively. In table | there are 1960 0.630 D.870 0.320 0.129
only two outputs for the period 1952-78, since Denny, Fuss and Waverman (1981) }3?.; g-ggi g.ggg g,ﬂ: 0135
aggregated local and miscellaneous services into a single outpnt category and 1 1963 0.67 £.850 0.327 3_',';3
have had to do the same pre-1979 in order to use their estimates, For the period 1964 0.654 0.832 0346 0.168
1979-89, it is clear from a comparison of lables 1 and 2 that the cost elasticity 1965 (.644 0.825 0.356 0.175
shares are quite insensitive (o whether the user cost or the residual return is used :325 3;113} g::l:g 332'7’ g:: ::
to value capital. 1968 0,626 0.800 0374 o
Of important for the T growth rate results to follow is the fact that the cost 1969 0611 0.787 0.369 8213
elasticity shares for local oulput excec | the revenue shares, and vice-versa for 1970 0.5%4 0.780 0.405 0320
tol}, throughout the period 1952-88. Th~ fact, along with the additional fact that ;3;; ¢.602 0.778 0.397 0.222
toll output grew at a faster rate than Incal output (see table 5) throughout the 1973 gggg g-;jg g:}tf 3.%;
period, is the source of the upward bia: in the conventional measure of Tre. Use 1974 0.550 0127 o 0260
of revenue shares puts too high a weigh! on the faster-growing output and leads to 1975 0.550 0.710 0.450 0.250
an overestimate of the rale of growth of aggregate output and hence Trp. 1976 0.547 0.698 0.954 0302
Notice from the cost elasticity share- in table | the close correspondence be- :377; g—g:; ;gg 0.453 0.296
tween the results for 1976 from Denny. Fuss, and Waverman (1981), who obtain 1979 0.492 0.703 3:23 3:1235' 0039 0.012
as estimates of cost elasticity shares: tol' = 0.302, local + miscellaneous = 0.698; 1980 0.485 0686 047 0302 0.041 -
and my results for 1579 using the cost allocation procedure (loll = 0.285. focal 1981 0.476 0.770 0.481 0217 0.43 3,'3}2'
+ miscellanecos = 0,715). This clese v urespondence lends support to the basic :g:; g-:sg 0.763 0.491 0.224 0.043 0.013
assumption of the cost allocation methdology; that shares based on average al- 1984 it 0.774 0.497 D212 0.053 0.014
located costs are more reasonable approsimations to the theoretically correct cost 1980 g::gg g-;g; g-i?: g-%ijlg gml 0.013
elasticity shares based on imarginal costs than are shares based on prices. 1986 0.380 0.738 0532 0.226 0:3:; 3.3322
Table 3 contains additional information which can be used to evaluate the rea- 1987¢ 0.446 0.765 0516 0.226 0.038 0.010
I988 0445 0.752 0.515 0.233 0.040 0.009
1989 0.446 0.744 0.512 0.245 0.041 0.012

sonableness of the allocation estimates of coxt elasticity shares. This table contains
all of the economelric estimates of the toll cost elasticity share for Bell Canada that

I counld find in the literature. (The lacal cost elasticity share is simply one minus a SOURCES: f;zl'tUnilelme-%-Iﬂ and Bell{Unite])28Dec.90-255, Supplemental; Exhibit Bell Canada

b SOURCES: 1952-76 - Denny, Fuss, and Wavermen (1931, 204)
1977-8 -~ interpolated
1979-84 - Five-Way Split Study {annual)
1985 - interpoluted

I986-9 — Phase Study (annual)
t The revenue shares listed are o be compared with 1988+ dwa, For comparison with 1952-36 datq,

the shase of local = 0,384, the shure of toll = 0.519, and the share of mise, = 0.097.

the toll elasticity share.)
Two things stand out from this table. First, the Denny, Fuss, and Waverman

(1981) estimate is quite close to the corresponding estimate of Kiss et al. (1981,
1983) for the one year (1967) when both estimates are available, Second, both the
Denny, Fuss and Waverman and Kiss et al. estimates of the toll cost elasticity share
are the largest estimates in this table. The correction to the revenue share-weighted
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382 Melvyn A Fuss

TABLE 2
Bell Canada ontput shares - cost weights based on short-un model
Local Toll Misc,

Year Revenue®  Cost®  Revenue®  Cost®  Revemue  Cost®
1979 0.492 0.703 0.459 0.286 0.039 0.012
1980 0.4B3 0.692 0.474 0.297 0.041 0.012
1981 0.476 0.774 0.481 0.214 0043 0.012
1982 0.466 0762  0.491 0.218 0.043 0013
1983 0.450 0272 0497 0214  0.053 0.0i4
1934 0.426 0.781 0.502 0206 0.072 0.013
1985 0.403 0.758 D.5I6 0.2I8  0.0B] 0.024
1986 0.330 0.739 D.532 0.2:9  0.088 0.033
1987° 0446 0.763 0.516 0227 0.0318 0010
1988 0.445 0.751 D.515 0.24] 0.040 0.008
1989 0.446 0.741 0512 0.248 0.04% 0.011

a SOURCES: Bell{Unitel}28Dec.90-25% and Bell{Unitel) 28 Dec.90-255, Supplemental;

Exhibit Bell Canada 182
b sounces: 1979-84 ~ Five-Wny Split Study (aomeal)
1985 - injerpolated
1986-9 — Phase i Siudy (annual)
¢ The revenue shares listed are lo be compared with 1983+ data. For comparizon

with 1952-86 data, the share of local = 0.384. the share of toll = 0.519, apd the
share of misc. = 0.097.

7P measure implied by the use of allocated costs appears to be a conservative one.
Utilization of most of the econometric studies contained in table 2 would result in
greater adjustments to the TFp growth rate than those contained in this paper. In
summary, the evidence in table 3 supgests that the use of allocated costs has not
resulled in an underestimation of TFr prowth.

$ now turn to a consideration of the rc. Tef dala. Table 4 conlains revenue and
cost elasticity share data for .. Tel for a period 1980-89. As with Bell Canada, p.c.
Tel’s cost allocation data contain residu:l rate of return capital valuation. However,
in: contrast to the Bell Canada data, the & v. Tel productivity data base also contains a
price of capital services based on the residual rate of return. Hence only 1¥r growth
rates corresponding to the short-run model could be calculated for B.c. Tel. Local
and miscellaneous outputs were aggregated (using revenue shares), since I did not
feel that 1 could accomplish a reliable divisinn of the allocated costs between the
non-toll outputs in the period before 1986.%1

The relationship between cost elaslicity shares and revenue shares for n.c. Tel
is very similar to that found for Bell Canada. Cost shares exceed revenue shares
for locel and the reverse is true for (o), Since toll cutput grows faster than local
output over the periods portrayed in table 4 (see table 5), we can once again expect
that revenue-weighted Trr indices will overeslimate the actual rate of Tep growth.

21 It should be noted that for B.c. Tel no sconometric cost funclion estimates exist that could provide

cot elasticily weights.

TABLE 3
Econometric estimates of toll service cost elesticity shares

1980, 1933 - Five-Way

1986-9 -

¢ 198) revenue shares |
Attachment 1. Reven
0.423 for local and
lating 7P growth g

'Phuso ir Study (annual)
isted are from B.CTelcrc)2BDec. 90-2214,
oe shares for 1981 from Attachment 2 of

Split Study {annual)

Toll cost
Year Study :hI::;icit}-
1063 Denny, Buss, and
Waverman (DFW)(1981) 0.15
Fuss apd Wavermann (1981b) 0.11
1967 DFW (198]) 0.19
Kiss et al. (1931, 1983) 0.18
(as reported in Kiss and
Lefebvre (1987
Ng: {1990}
fodel |
Mogel 2 g{g
Model 3 0.03
1970 DFW (198)) 0.22
Bemstein (1938} 0.13
1972 DFW (1981) 0.24
Bernstein ([988) 0.']?
1976 DFW (1981) 0.30
1973 Bemstein (1989) 0.12
TABLE 4
B.C. Tel ouiput shares — cost weights based on short-run model
Local Toll
Year Revemue®  Comt® Revenue®  Cost®
1980 0.417 0.772 0.5
3 ,583 0.2
fgﬂl‘ 0.434 0.762 0.566 02}3
];882 0.458 0.762 0.532 0.239
| X) 0.472 0.758 0.528 0.242
984 0.469 0.762 0.531 0.29
1985 0.452 0.762 0.548 0.239
llggﬁ 0.442 0.778 0.358 0.222
1 7 0.437 B3.748 0.563 0.252
| 988 0.449 0.760 0.551 0.249
989 0.480 0.753 0.520 0.247
@ SOURCES: !I;J::I-; - n.c.'_:‘:ll{mrc)nnec,‘.io-zzu. Attachment 2
—3 — BCTeKerrc}28Dec.90-2214,
b sOuRcEs: 1981-2; 19845 interpolated Atachmen 1

miisc. and 0.577 for toll were used in -
ver the 1980-1 period. calew
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384 Melvyn A Fuss

TABLE 5

Average annual rates of growth of outputs {per cent)®
Time period Loca! Toll Misc.
Bell Canada

1953-% 3.7 2.9 2.4
1960-9 1.0 10.7 4.7
19709 6.3 101 10.8
1930-9 28 9.2 8.8
1985-9 37 L4 12.2
B.C T

1980-9 4.0 10.] 4
1985-2 36 11.5 il

a Computed as average of logarithmic differences.

¥. COST-WEIQHTED TOTAL FACTOR PRODUCTIVITY GROWTH RATES
FOR BELL CANADA AND B.C. TEL

In this section 1 estimale T/ growth rates for Bell Canada and s.c. Tel using the
cost-weighted formula (4), and compare these estimates with revenue-weighted
estimates. The two sets of estimates are presented in tables 6 and 7 (Yong-run and
short-run models respectively) for selected historical periods.

- The bias discussed previously is readily apparent from tables 6 and 7. The
cost-weighted TFr growlh rates are all less than the conventional revenue-weighted
measures. The bias appears to be particularly important in the 1980s, That result is
not surprising, since the 1980s was the period of most rapid growih in toll cutput
relative to local cutput. While the revenu:-weighted index apparently indicates that
the period 1985-9 was a period of esp: cially rapid T¢P growth, the conceptually
more correct cost-weighted index indicates this was not the case. For Bell Canada,
a 777 growth rate of 3.3-3.5 per cent yer anmum over the 1985-% period, while
greater than the rale during the rest of he 1980s, is close to the average growth
rate over the 1960s and 1970s.

In the case of Bell Canada, the results presented in tables 6 and 7 imply that
the upward bias in the conventional T7p rowth measure is 74-77 per cent over the
period 1980-9 and 77-82 per cent over 'he period 1985-9. By way of contrast, the
bias is considerably less in the earlier [-criods of less rapid relative growth of toll
output. It can also be seen from tables 6 and 7 the Bell Canada's cost-weighted
1P growth rates and the bias associated with revenue weighting are quile robust to
the cheice of model (long run versus short run).

Table 7 also presents 1rp growth rats for B.c. Tel. over the period 1980-9. As
was the case with Bell Canada, use of il e conventional revenue-weighted Tre index
for B.c. Tel imparts an upward bias to the estimates of efficiency gains. The effect
is particularly striking for the 1985-9 period. The revenue-weighted estimate of
e growth of 7.1 per cent per annum i reduced to 4.8 per cent per annum when
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TABLE 6

Average annual 1o1al facy i :
bised o fomgae mudelm productivity prowth rates (per ceny)® -

Revenne Cost l:pwuﬂ e

. . : of revenue-wei.
Time perigd weighs® weights® index {per c‘:::ghkd
Bell Canada
19539 22 20
19609 4l 34 2
1970-p 39 33 18
1950-9 46 26 7
1985-9 6.0 3 82

a Compuied as average of logarithmic di
garithmic differances.
b Caleudated from Bell¢Uni
1 (Unite])2BDec.90-253 and 8.cTel(crre)28
¢ Calculated from Bellttni
weights from tbie '_( nitel)28Dec.90-253 and using the cost

TABLE 7

Aversge mnnual tolal i
based o s i m;:r:r'or productivity growth rates (per cem)® -

Lpwns raq

Peienue  f o A reisnse-weaglend

Time period weights® weights* index per cent)
Bell Canada

25 S (A

B.C. Tel

I B

: golrnp]uu::il :s overage of Jogarithmic differences.
dlctlated from Bell{Unitel)28Dec.90-253
Dec op g f and 8.cTel(crre)28
¢ Calculated from Bcll(Uuilzl)ZSDec.%-253. R Tel(crnc)28Dec.
90-2214 and using the cost weights from rables 3 and d.

the conceptually correct cost-weighted index is used, Once again the resson for
the large gap bet_ween the estimates is the fact that the relative growth rate of toll
versus loca! service js greatest in this period (see table 5).

¥1. CONCLUSIONS

Oml: of lhz': enduring facts in Canadijan Telecommunications regulation is the crrc’s
so_cml policy to use surplus revenues from tol] services to subsidize local service
prices, .Under these conditions, the use of prices to approximate marginal costs
results in misleading estimates of 1ee growth when the growth rates of the two
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outpuis differ substantially. This situation occurred in the 1980s and resulted in
Bell Canadz and BC. Tel's overestimating efficiency-related ™r growth by 74-82
per cent and 37-48 per cent, respectively, in their submissions to the Interconnect
Hearings.

The debate over TFP measurement procedures played an important role in the
Interconnect Hearings. The two companies' forecasts of TFp growth in the 19903
under a monopoly industry struclure appeared to be a continnation of growth in
the 1985-9 pericd when calculated using cevenue weights, but they represented a
radical acceleration of growth when cost-weighled 17r rales were compared. The
cric conclrded in its June 1992 decision that the two companies had overesti-
mated future production efficiency growth and hence the ability to deliver toll
price reductions under a monopoly structure. This conclusion appeared to be one
of the elements that led Lhe commission to the view that facilities-based competitors
should be allowed to enter toll markets in Bell Canada and s.c. Tel's temitories.

APPENDIX: DERIVATION OF THE CONCEPTUALLY CORRECT FORM OF
THE TFP INDEX AND DEMONSTRATION THAT THI REVENUE
SHARE-WEIGHTED INDEX IS INAPPROPRIATE

The first part of this appendix draws heavily on Denny, Fuss, and Waverman (1981),

where a more extensive discussion is available.
Suppose we represent the underlying production process of a cost-minimizing

telecormmunications finm by the cost function

C= C(Q- W, £, (Al)

where @ is a vector of outputs, w is a vector of input prices, and ¢ (time) indexes
the state of technology. Totally differentiating the cost funclion (A1) and applying
Shephard’s lemma we obtain the rate of change of cost equation,

dlog C fdr = E(ECQ; - dlog Q; /dt) + Z{S,- -dlogw; /dt) +dlog C /o1, (A2)

where ECQ: = dlog C/dlog O; is the cost-output elasticity for the ith output, and

dlog C/at is the rate of cost reduction due to technical change.
Denny, Fuss, and Waverman (1981, 210) demonstrale that the rate of change of

total factor productivity for a cost-minimizing firm that incorporates onfy technical
efficiency effects (hereafter denoted TrP") can be wrilten as

dlog = /dt = (1 — ECQ) - dlog Q° /dt — dlog C /31, (A3)

where

ECQ = Z ECO; (Ad)
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is the aggregate cost elasticity (equal 1o the reciprocal of the agpregate scale elas-
ticily), and

dlog Q7 /dr = [ fECQ) - (Z ECQ; - dlog O, /d:) . (AS)
Equation (A5) can be rewritten as
dlog Q¢ /dt = ZM,— - dlog Q; /dt, {A6)

where M, = ECQ; {ECQ is the cost elasticity of the ith autput relative to the sum
of the cost elasticities; that is, it is the Jth cost-elasticity share.
The most frequently used discrete approximation to (A6) is given by the

‘Torngvist’ formula,
Alog Q= 3 (1/2)- (My +Misy) - [log Qu — log O, ], (A7)

where M;; is the cost elasticity share of the ith output at time t and (; is the
amount of the ith output produced at time . Comparing (A7) and equation (2)
iI.l the text, we see that the definitions of the rate of change of aggregate outpui
differ according to whether revenue shares or cost elasticity shares are used in the

aggregation procedure.
Following Denny, Fuss, and Waverman (1981), we can use equations (A2)-{A6)

to obtain the conceptually correct expression for Tep growth for a cost-minimizing
firm,

dlog TFP* jdt = — { dlog C/dt — dlog O° /dt ZS; - dlog w;/d!} . (A8)

An alternative form of the concepiually correct expression for Tep growth is
dlog TFP* fdt = dlog O° fdt - dlog X /dr. (A9)

For the case of a single output, Fuss and Waverman (1990b, Technical Appendix)
demonstrate that (AB) and (A9) are equivalent representations of 17p growth. The
extension to the case of muliiple outputs is straightforward.

A discrele approximation to (A9) is given by

Alog TFP® = Alog Q¢ — Alog X, (A1)

which is equation (4) in the text,

I have now demonstrated that equation (A10) is the conceptually correct form
of the Tornqvist family of T7p growth rale indices. Under what conditions is the
conventional measure (equation(l) in the text) equivalent 1o (A10) (equation (4)

ATFEMNLIrY o v s
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388 Melvyn A, Fuss

in the text)? This equivalence will cccur only if culput prices in a given year are
proportional to marginal costs of production. To see this, write

P — ﬂir * (aC,)'aQ;,), (A“)
where p;, is the output price for the ith output at time . Now suppose 8; = §, for
all ¢ oulputs (i.e., proportionality}. Then

M, = ECQ,/ECQ
= {Qx - 3G, [30u}/ (E Q- 0C, /0 er)
{A12)

=y - pu}{ (Z Qi Pi )
=R,

However, the conditions underlying the catculations in (A12) are not valid in the
case of Bell Canada and s.c. Tel, since 8, > | for toll services (and probably
miscellanscus services), whereas 8, < | for local services. Hence & cannot be
the same for each output in a particular year and the revenue share — weighted
Térnqvist Tep index is not valid concepiually. How important this conceptual error
is remains an eropirical question. As we can see from (he empirical resulls in this
paper, the inappropriate index biases the Tre estimates for both Bell Canada and
p.c. Tel upward (0 a considerable degrec in the {980s.

The above development has been based on the continuous Divisia index and
the Tomgvist discrete approximation to that index. Diewert (1991} has criticized
this procedure for its reliance on the continuous form of the index. An alternative
development can be obtained using the theory of discrete exact index numbers
(see Diewert 1976, 1991, for descriptions of this theory). It tums out that the
weights differ slightly from those obtained above, owing 1o the different discrete
approximations used, but the differences are inconsequential for the times series
data osed in this paper.

Suppose the cost function (Al) is approximated to the second degree by a
function that is quadratic in logarithms. Then a quadratic lemma (Diewart 1976)
can be used to obtain the following expression for the discrete change in the

logarithm of cost, Alog C = log C; — log Gyt
dlog C. dlog i )
AlogC = 1/22 ( TP M T RLLL 12
dlog C. 2log Gy
!fz Z (a log wy a log wis-i &log w

+1/2 (aiong 5‘6138_‘3‘1—)') (A13)

AlogC = [Z L/2(ECQy + ECQi.r—I)J

¢

|5 LBy |

D (ECQ, + ECQ;,
[}

glogC, B'log Cry
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+ ]/ZZ(S,, +8i-1) Alogw, + 1/2 ( 3
r

ECQy + ECQ,y_

2 _(BCQ, +ECQ,y)
!

§ = 1/2(5, +85, 1)

B dlogC, dlogC
Alog B = —1 2( £%:  PloeCi,
/ ot at — 1)

Substituting (A15) inte (Al4) yields

= average discrete elasticity shares

(Al5)

Alog C = [Z L/2AECQ; + ECQ;.r—l)] : [}:I’?C—Q -Alog Q;]

+z.§‘;.&logw,-ﬂlog8. (Al6)
i

" Define

(.

Alop 0° = EEE@ -Alog O;

I

Alogm’ = — {AlogC —Aleg Q"—-ZSAIogw,-} .
f

Combining (A16)~(A18) yields

dlogw’ = [1 — ECQ) -Alog O° + Alog B,

ECQ = Y 1/2ECQ, + ECQ,, ).

(A1D)

(A18)

(Al9)

(A20)
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Note that Alog Q° in (A7) differs from A]oggl' in (A7) by l!le way 1ndwh1(':ll:
the average cost elasticities are calculated. In pm}cuoc, bot.h averaging mexh? 5 w1
give very similar estimates. There is a second difference in the two approximating
procedures. In the case of the exact index number procedure, there is no counﬁtefp_art
ta the equality between (AB) and (A9). The tvr formula (A10), where dedmt:‘on
{Al17) is used for Alog Q°, differs from (A19) by terms that are of secop f-m‘t ?.r
differential smallness {see Denny and Fuss 1980.f0r a demonstration of th;: act in
the case of revenue-weighted 1FP). Once apain, in the current case the differences

i i ential. '
wjlé‘iﬂ:l:;.c?::eaz:;lysis in this appendix is for the case of the ]nng—run. mtzf;eli Itis
not difficult to carry out the same analysis for the :_ihmt-mn case, replgcmg t ::j ong-
run cost function (A1) with a variable (restricted) oost function. Thx:s procedure 1.:
done in Berndt and Fuss (1989), who show that equation (A9) remains tllf:dc‘orrmt:S
oulpul aggregation equalion as long as the shadow values of the qu.ag-lixse. lll'l‘il:
replace the user costs in the calculation of the output cost elasticities. Simi . 3:;
they demonstrate that equation (A%) remains the. correct Te growth rale equa ;s
as long s the shadow valses of the quasi-fixed mput:v, also replace the user co
in the calculation of the prowth rate of the aggregate input dlog X /dr.
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General equilibrium in a simple economy
with imperfect information
COLIN READ University of Alaska Fairbanks

Absiract. We determine equilibrium in a simple economy with imperfect information. Each
risk-neutral household acts as a firm, making wage offers according to an endogenous wage
distribution, and labourer, sampling a stochastic number of offers made by other house-
holds over its search period. This economy with imperfect information and deceniralized
preduction and consumption will not maximize welfare. Policy must be carefully formn-
lated because there are two non-trivial equilibria; an unstable Keynesian underemployment
equilibrium with coordination failure resulting in underemployment and reduced seacch ef-
fort; and & stable high-effort, low-unemployment equilibrivm, reminiscent of a Classical

equilibrium with frictional unemployment.

Equilibre général dans une économie simple o I'information est imparfaite, L’ anteur définit
I'équilibre dans une Economie simple ol !'information esl imparfaite. Chague ménage
(qui est peutre face au risque) agit comme une firme et fait des offres de salaires selon
une distribution de salaires endogine, alors que le travailleur procéde & échantilionnage
d'un nombre stochastique d'offres faites par d’autres ménages au long de la période de
techerche. Cette écomamie o 1"information est imparfaite et la production et la consomma-
tion sont décentralisées ne maximise pas le niveau de bien-Btre. La politique publique doit
éure formulées avec beaucoup de soins parce qu'il exisie deux €quilibres non-triviaux: un
équilibre Keynesien de sous-emploi qui est instsble ol Je manque de coordinetion résuke
en un niveau de sous-emploi el en un effort de recherche d'emploi réduit, et un équilibre
stable o I’effort de zecherche d'emploi est Elevé et le taix de chBmage bas qui n'est pas

sans rappeler 1'équilibre classique avec chdmage frictionnel.
l. INTRODUCTION

Modem interpretations of the Keynesian explanation for an underemployment equi-
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Productivity Growfhn1n the U,8, Telecommunications Sector:

The Impact of the ATAT Divestiture

Robert W. Crandall and Jonathan Galst

The Brookings Institution

Twenty years have passed since the Federal Communications
Commission launched the rather bold experiment of introducing
competition into long-distance communications.l More than six years
have passed since the antitrust authorities engineered a breakup of the
erstwhile monopolist, AT&T,2 These events were so disruptive to the
old order in telecommunications that they could be expected to have
profound effects on the entire telecommunications sector's performance.
@iven the econometric evidence on scale economies and at least
anecdotal evidence of scope economfes in this sector,3 many of the

Wk ddkdedevedride ke kk kkokdkk

1. MCI was first admitted as a "specialized" carrier in 1969.

2. U.S8. v, American Telephone and Telegraph Co., 552 F. Supp. 131
(D.D.C., 1982) affirmed sub nom, Maryland v. U.8., 460 U.S. 1001
{1983).

3.

For a useful summary of this empirical literature, see Leonard
Waverman, *U.S. Interexchange Competition® in Robert W. Crandall

and Kenneth Flamm (eds.), Changinpg the Rules: Technological Chanpe,
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students of this Industry predicted that competition and vertical

fragmentation would prove to be a costly error in economic pu]icy.4

This paper attempts to sort out the effects of competition and

divestiture on one measure of efficiency -- total factor productivity

-- in the telecommunications sector. It breaks new ground by dividing

the industry into four parts: the Bell System (AT&T and the Bell
operating companies), the independent telephone opefating companies,

the new competitive long-distance carriers, and the telegraph

companies. This division allows us to distinguish the impacts of

technical and regulatory changes on the delivery of local telephone

service, long-distance service, and telegraph service.

The Telecommunications Sector

Telecommunications involves the transmission of communications
signals by electrical impulses through copper wires, the radio

spectrum, or newer fiber-optics cables. local telephone companies

provide subscribers with access to the telecommunications network and

drkdkkkkhdkhkdkikk ki ki r

International Competition, and Regulation in Communications.
Washington, DC: The Brookings Institution, 1989, Table 8.

For example, see Paul W. MacAvoy and EKenneth Robinson, "Losing by
Judicial Policymaking: The First Year of the AT&T Divestiture,"
Yale .Journal on Regulation, Volume 2:225 (1985).
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switch calls within a limited franchise area. These local companies
operate one or more "exchanges” or switching centers that direct calls
to and from subscribers. Long—d%stance or "“interexchange" carriers
offer service between these exchanges. In modern practice, most
signals are either voice or data signals, transmitted in either analog
or digital form. The older telegraph technology and its modern
equivalent, the telex, involve the transmission of discrete messages

that are transcribed into written form for receipt by the addressee.

Technical progress in telecommunications has been extremely rapid

in the forty years since World War II, particularly in long-distance

transmission. Signals are no Tonger transmitted long distances over

copper wires with vacuum tubes.

re

Microwave systems, satellites, and --
most recently -- fiber optics have reduced transmission costs by a

factor of ten or more. Indeed, there are now telecommunications

services offered at prices that are invariant with distance because

transmission costs are so low.

Local telephone service appears to have enjoyed a wore modest rate

of technical progress. For the most part, signals are still delivered

to individual subscribers through paired copper wires, much as in the

pre-World War II era. The switching of calls, however, has undergone

substantial technical change due to the electronics revolution, as has

the terminal equipment used to send and recejve signals from the
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subscriber's premises. The typical residential or small business
subscriber today may have several pushbutton telephones, an answering
machine, and even a facsimile machine. Larger customers may have a

telephone system that is essentially a small version of a telephone

company switching center,

For decades, the U.S. telephone industry was comprised of AT&T's
Bell System and a number of independent telephone operating companies.
The Bell operating companies (BOCs) provided access and local service
to about 80 percent of the country's subscribers, and these operating

companies and AT&T's Long Lines division provided virtually all long-

distance service. Most of AT&T's equipment was produced by its

manufacturing subsidiary, Western Electric, and a wide range of

research was provided by Bell Laboratories, which was financed in part

by "license" fees paid by the BOCs.

In the late 1960s, the Federal Communications Commission began
admitting competitors into long-distance service and into the sale of
terminal equipment. This competition and AT&T's responses to it led to

a series of antitrust suits in the 1970s, including a federal suit that

was finally settled by a decree n 1982.%

khkAkEREEAAARkKRE AT kkAid

5. See fn. 2, above.
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After ATAT was divested of its operating companies by the 1982
antitrust decree, the newly-independent BOCs continued to provide
intrastate service within designated Local Access and Transport Areas
(LATAs). Long-distance service between LATAs became the domain of ATAT
and the new long-distance competitors (Other Common Carriers, or 0CCs).
These new competitors, such as MCI and Sprint, have built large new
fiber optics networks that they are only now beginning to fill. AT&T,

in response, has also invested Targe amounts in fiber-optic capacity.

The ATRT divestiture also severed the direct corporate link between
Western Electric, AT&T's equipment manufacturing division, and the Bell
operating companies. Since 1984, these BOCs have been free to purchase

; their equipment from any domestic or foreign supplier. The result has
been a sharp decline in AT&T's equipment market share since 1982,6

Divestiture, Competition, and Productivity

There are many different views about the effects of the new

competition in telecommunications and the 1984 vertical dissolution of

AT&T. Some argue that competition and divestiture have robbed AT&T and

the economy of the benefits of economies of scale and scope in

TREEERLERKORERR R RN

6. See Robert W. Crandall, "The Role of U.S. Local Operating

Companies, " in Crandall and Flamm, op.cit., Table 9.
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te]ecommunications.7 Indeed, most estimates of economies of scale in

telecommunications are in the range of 1.1 to 1.7. However, no one has

found convincing evidence of economies of scope -- economies of jointly
producing local access and exchange service, long-distance services,
and other "value-added" communications services such as protocol

conversion, packet switching, or data services.8

Others worry that the separation of research and development from
the Bell operating companies -- Bell Laboratories remains with AT&T --
will reduce the rate of technical progress because of the loss of

opportunities for internalizing the benefits of research.9

It is also possible, however, that competition and divestiture
could iwmprove telecommunications sector productivity and efficiency.
Freeing the BOCs from Western Electric may have allowed them to install
fiber optics and advanced central office switches more rapidiy.

Increased competition between the BOCs, AT&T, new long-distance

Fodrdedrdededededekdokokok kR Rk ke

7. For example, see Almarin Phillips, "The Impossibility of

Competition in Telecommunicationg: Public Policy Gone Awry," in

Michael A. Crew (ed.), Regulatory Reform and Public Utilities.
Lexington, MA: Lexington Books, 1986.

8. Waverman, op.cit.

For example, see Robert G. Harris, "The Implicetions of Divestiture
and Regulatory Policies for Research, Development and Innovation in
the U.5. Telecommunications Industry," University of California,

Berkeley, Business and Public Policy Working Paper No. BPP-27,
December 1987.
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carriers, and even some new large-city fiber optics networks could make

all carriers more conscious of efficiency in service delivery. And
perﬁaps most important is the pressure that divestiture and competition

have created on state regulatory commissions and the FCC to search for

more efficient regulatory mechanisms.!0  The FCC has recently replaced

its traditional rate-of-return regulation of AT&T with a (politically-

restricted) form of price caps, and many states are experimenting with

"social-contract” r‘egu'lation.11

Perhaps the least affected of all of the players in the

telecommunications sector are the larger independent companies, They

continue to enjoy local franchise monopolies. They have not been forced

to divest themselves of manufacturing or other activities. They have

been less impacted by FCC decisions regarding terminal equipment. Of
course, they benefit from a more competitive capital equipment market
and the nascent state utility commission experiments in social-contract
regulation., But if divestiture has robbed the country of thg benefits

of production efficiencies at the Bell operating companies, this loss

dekkdkddkdhkkhkkkdrir

10. S8ee Roger G. Noll and Susan R. Smart, "The Political Economics of
State Responses to Divestiture and Federal Deregulation in
Telecommunications,” Discussion Paper No. 148, Workshop on Applied

Microeconomics, Industrial Organization, and Regulation, Department
of Economics, Stanford University, May 1989,

11. Federal Communications Commission, CC Docket 87-313, Report and

Order, March 16, 1989.
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of efficiency should be observable in comparisons between independent

and Bell company productivity trends.

Empirical Methodology

In this paper, we calculate various measures of total factor

productivity (TFP) from data on inputs utilized in telecommunications

and the cost shares of each input. We follow the approach suggested by

Jorgenson and Griliches:12 cCaves, Christensen,and Swanson;13 and
Christensen, et al.l% in calculating annual Tornquist-weighted

measures of the rate of change in telecommunications outpufs and
inputs.

This study differs from previous analyses in that it provides

estimates of TFP for the entire telecommunications sector and for its

components: the Bell system, the independent telephone companies, the

new long-distance carriers (0CCs), and the telegraph companies. It

de ko gk ok dode de e o dede e e de ok ok ke ke

12, Dale W. Jorgenson and Zvi Griliches, "The Explanation of

Productivity Change,® Review of Economic Studies, Vol. 34 (July
1967), pp 249-83.

13. Douglas W. Caves, Laurits R. Christensen, and Joseph A. Swanson,

"*Productivity in U.S. Railroads, The Bell Journal of Economics,
Spring 1980, pp l66-181.

l4. Laurits R. Christensen, et al., "Total Factor Prnductiéity in the
Bell System, 1947-79,° Christensen Associates, September 1981.
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would have been preferable to separate ATAT Long Lines (or, more
recently, AT&T Communications) from the Bell operating companies so as
to distinguish AT&T's Jong-distance services from local services.
Unfortunately, both Long Lines and the Bell operating companies
supplied long-distance services prior to divestiture, and even AT&T was
unable to separate AT&T's Long Lines activities from those of the
operating companies for the purposes of productivity analysis.1d

Thus, we are forced to analyze the Bell System as a single entity,

combining BOC and AT&T data for the period since divestiture.

The production function for telecommunications may be written in

jmplicit form as:
(1) F(Q: K,L,M; T) =0

where Q is the rate of output, K is the input of capital services, L is

the input of labor services, M is the input of materials services and T
is a time trend,

(6F/aT) / F.

The rate of growth of total factor productivity is

By this definition, increases in output per unit fnput

due to economies of scale are excluded from TFP.

kkkkhrkhkhkhkkhkbhhhhkitds

, 15, Conversation with Ali Chaudry, AT&T, May 1989.
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Caves, Christensen, and Swansonl® have shown that the rate of
growth of factor productivity (by this definition) is equal to -1 times

the rate of change of the logarithm of the dual cost function to (1):
(2) ¢=6(Q KL,M T; rw,pw)

where C is the flow of total costs and r, w, and py are the prices of

the inputs, K, L, and M, Therefore, the rate of change in TFP over

time is equal to:

3 InG _ [8@InG)[dInQ dlnl . d n K dInM
B) =371 - [aan] i - [sdat + s&at + s, Y

g }: g 1s the elasticity of cost with respect to output and the

S's are factor shares in total costs.

where

Traditional measures of TFP assume that %—%ﬁ—% is equal to unity

and that output is priced at marginal cost. If there are economies of

scale, such an approach overstates the growth in TFP as conventionally

undeystood. Given the problems in measuring scale economies in

telecommunications, it is difficult to specify an accurate measure of

dkedekkkkkkkkkikhkhkkikkhkk

16. Douglas W. Caves, Laurits R, Christemsen and Joseph A. Swanson,
"Productivity in U.5. railroads, 1951-74," The Bell Jourmal of
Economic¢s, Vol. 11, No. 1, (Spring 1980} pp. 1656-181.



05/02/97 11:54 ‘D608 233 2223 CHRISTENSEN |@912

-
A

11

%—%%—% : hence, we proceed on the assumption of constant returns to

scale. If the returns to scale in telecommunications are equal to
1.4} -- the midpoint of the range of recent econometric investigations

-- and if these returns have been constant over the past three decades,

our estimates of TFP growth will be too high by an average of Eg—%%—g]x

{1 - 1/1.4) or about 2.4 percent in the 1960s and 1970s and about 1.3
percent in the 1980s.

On the other hand, recent research by Evans and Heckman cast some
doubt on the notion that there is subadditivity in telecommunications
cost functions,18 They show that two firms would have operated at

costs that are an average of nearly 50 percent lower than the costs of

the "monopoly” Bell System in 1961-77. Whether these cost savings

result because of decreasing returns to scale and scope or simply a
variety of inefficiencies associated with regulatory monopoly cannot he
known, but their results at least cast some doubt on the large

estimates of scale economies in telecommunications.

e e e e o g v ok s e o Y ke ke e e e e ok
17. Waverman, op.cit,

18. David S. Evans and James J. Heckman, "A Test for Subadditivity of

the Cost Function With an Application to the BRell System," American
Economic Review, September 1984, Vol. 74, pp. 615-23 and "Erratum,"”
American Economic Review, September 1986, Vol. 76, pp- 856-858.
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Data

In this paper, we calculate TFP growth for three different
estimates of output growth: deflated real revenues, a Divisia index of
output growth using revenue shares as weights, and a Divisia index of

output growth using weights that are adjusted for regulatory

distortions. None of these approaches is completely satisfactory, but

we shall show that the temporal pattern of TFP growth is unaffected by

the choice of output growth measure. Nominal revenues are obtained

from the FCC's Statistics of Communications Common Carriers, the U.S.

Telephone Assoclation's Telephone Statistics, and OCC filings with the
FCC.

Revenues are divided into local, inter~ and intrastate long-
distance (MTS, private lines and other toll), inter- and intrastate
WATS, miscellaneous telephone revenues, and telegraph revenues, All

revenue data are deflated by the BLS Producer Price Index for each

service from 1972 through 1988.1%  Pprior to 1972, nominal revenues by

Sk e ke ok o e ok 2k e ke vk ke e e Ao e e e

19. The Private Line and Other Toll revenues are combined with MTS
revenues and deflated by the PPI for MTS because the BLS has little
confidence in the PPI for Private Lines. The output index is the
sum of the six categories of deflated, not a Divisia index. A
Divisia index, usinpg revenue shares a3 weights, createz a number of
problems because of discontinuities in the real revenues for MTS
and WATS and because of radical relative price changes in the

1580s. HNevertheless Divisia indexes were calculated and analyzed.
See the discussion below.



