COMPARATIVE EFFICIENCY IN CANACIAN

TELECOMMUNICATIONS: AN ANALYSIS OF METHODS AND USES

Phase II: Productivity, Employment and Technical
Change in Canadian Telecommunications
Michael Denny
Institute for Policy Analysis
University of Teronto
iain de Fontenay
Department of Ccmmunications
Ottawa
Manuel Werner, Consultant
Draft Final Report fcr Department of Communications
(53SU. 3£180-5-9527-DSS)




=5

- e e S o aw o

COMPARATIVE EFFICIENCY IN CANADIAN
TELECOMMUNICATIONS: AN ANALYSIS OF METHODS AND USES

Phase II: Productivity, Employment and Technical
~ Change in Canadian Telecommunications

91
C655
D46
1980
pt.1l
phase2

SBIBLIOTHEQUE
1 Industrie Canada

e

Michael Denny
Institute for Policy Analysis
University of Toronto

COMMUNICATIONS EANAD){"]

Alain de Fontenay
Department of Communications
Ottawa

Manuel Werner, Consultant .

Draft Final Report for Department of Communications
(03SU. 36100-9-9527-DSS)




,T

COMPARATIVE EFFICIENCY IN CANADIAN _
TELECOMMUNICATIONS: AN ANALYSIS OF METHODS AND USES

PART I: Methods and Data

Phase II: Productivity, Employment and Technical
Change in Canadian TeTecommunications‘

Michael Denny
Institute for Policy Analysis
University of Toronto

Alain de Fontenay
Department of Commun1cat1ons
Ottawa

Manuel Werner, ConsuTtant.
Draft Final Report for Department of Communications
(03SU, 36100~9-9527-DSS)

NOT FOR CITATION

The opinions and statemen s expressed in th1s paper represent
views of the authors. These views are not necessarily those
.of the federal Department of Communications or of any other
department or agency of the Government of Canada,



I.

IT.

CIII.

Tab]e‘of Contents

“An Overview

1

2
3
.4

5.

6

7

* The Conceptua1~Basis for Measuring and Comparing Firms' Productivity

Introduct1on '

Index Numbers and Aggregat1on ,

The Conventional Divisia Index of Total Factor Productivity .
Total Factor Productivity and the Theory of Production
Alternative Specifications of Productivity

Inter-Firm Comparisons: - Some Methodological Issues
Technology and Econom1cs in Te]ecommun1cat1ons

- Total Factor Productivity: ThelTheory and Préétice of Output and

Input Measurement

ITT.
ITI.
ITT1.

- IIT.

IIT.
ITI.

ITI.
ITI.

* %

oY U W N~

* ok ¥ ok

- Introduction

Outputs: Consumption and Product1on

The Measurement of Outputs in Telecommunications
The Measurement of Inputs in Telecommunications
Measurement in Practice: an Overview

Outputs

A. International Telecommunications
B. Domestic Te]ecommunications _

Inputs .

~ Productivity Measurement in Regu]ated Non Te]ecommun1cat10ns

Industries

These sections should be read by the non—speciaTﬁst




3

7

i

IV. Uses of Productivity: Actual and Potential
IV.1* Introduction

o v.2® Management Control and Planning

A. Distribution of Gains
B. Net Income Analysis
C. Planning

1v.3" Regulation and Efficiency

A. Government Guidelines
B. Automatic Rate Adjustment

V. Index Numbers

.12 Non-Homothetic Functions
Appendix
Footnotes

References . -

*‘These sédtions should be read by the nonéspecia1iSt

- V.1 Introduction
V.2 Elementary Indices
V.3 Laspeyres and Paasche Indices
V.4 The Geometric Analysis of Index Numbers
V.5 The Making of Index Numbers
V.6. Ideal Indices: Reversability
V.7 Divisia Indices
V.8 The Economic Analysis of Index Numbers: a Diagrammatic Approach
V.9 . The Statistical Index and Economic Analysis
V.10 Cost Functions and Price Indices: a Diagrammatic Analysis
V.11 Quantity Indices A .
)



o

‘1. An Overview . - I

o Oum un SNy B eme.

Efficiency in production is a goal that is desirable for a natfonﬂ

_:a'finm and a regulatory agency. Productivity is a way of measuring efficiency.

It is used to compare changes in efficiency through time and across
firms. Without highfievels and/or growing productivity,.thé real “incomes

of individuals in a nation and the wealth of shareholders in a firm will

. not be high and/or rising. Efficiency onfpnoductivity is often mis-

'interpreted although its measurement and interpretetion presents no

difficulties which do not arise in measur1ng costs, revenues or prof1ts

 Profits are what firms seek in order topay d1v1dends to share-

holders and to increase the market value of the1r shares. Slnce revenues

and costs are s1mp]y Lhe components under1v1ng the calcu]at1on of pro-
fits, the latter concept w111 suffice to indicate what we mean. High
and-growing_levels of profits re]ative to the capital 1nvested_inithev“”
firm are goals for Tfirms. Measured profﬁts provide a reading on the
success of the firm. Yet‘on]y;a casual acquaintance with eccounﬁing
coventions is requined to realize the ad hoc: and potentia]?y'misfeading
methodo]ogy under1y1ng the standard measurement of prof1ts. MoreOVer,”
any execut1ve knows that the level of. prof1ts in any year or’ the change
between any two years is the result of'many planned and_unplanned:events.
The precjseNcontnibution to the Tevel'(on change) in profits'of~any event
is often not known or pernaps can notjbe estfmated accurafe1y. The
difficulties of measuring7profits and re1ating specific events to profits
has not resu1ted 1n profits not be1ng measured or used to evaluate per-.

formance Instead managers, ana]ysts‘and the(genera] pub]1c use measured




profits with discretion and attempt to supplement this sing]e’item with
other information about performance. However, ultimately if the levels of
profits does not indicate success then it is unlikely that other indica-
“tors will reverse this conclusion. The same type of interpretationvis
required.for measured productivity. |
The prob]ems in measuring productivity are not'morersevere tnan
those encountered in measuring’profits. Comparing the profitabiiity
':of.firms is no easier'than comparing their efficiency. Since efficiency
is a component of profitabi]ity, the measurement of efficiencyfcan assist
in the interpretation of profits. Houever, any measure such as profits
| or productivity is an indicator. The reasons.why either one is high,
1ow, growing or faliing is not.part’of thatimeasure itself. Causations
or explanations must be sought outside of the measuring rod. |
Productivity and profits are c]oseiy‘iinked. Profits depend on
transforming resources, using capital and 1abour, into a finished product
‘that can be sold. The required resources must be purchased with the least
expense possible and the outputs sold for the largest possible revenues,
However, the transformation or'processing of the resources into finished
products must be done efficiently if profits are to be iarge. Aj].¢f
the profits available at thevexisting-market prices for inputs. and out-
puts may be frittered away through inefficient production. It is often‘
suggested that Japan was (and is) a Tow cost producer of manufactured
goods. However there are many‘countries where the.prices_of inputs are
~equally Tow but few Where production is as'efficient..
Any organization that is interested in profits must be interested

in productivity. However productivity is more basic than profits since
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the gains from productivity increases may be distributed in the form

of 1ower-brices to customers, higher incomes to workers and higher prices
- for other supp1ying 1ndﬁstriesxin‘addition to their contributionvto»profits.
I " This report presents metﬁods for measuring productivfty and for
// comparing the productivity of firms. The application of these methods
will y1e1d indicators of the performance of>firms relative to one aeother

‘and relative to their own historical performance. As stated above the

resu]ting measures do not tell why the obserVed results were 6btajned.

To measure productivity, the physical vé]umes of outputs produceq
-and-of inputs.consumed must be measured. A substantial portion of this
report discusses desired methods of measurihg outputs and ﬁnputs. As 1in
cost acccuntiﬁg, there are a]fernative possibi]ities which"depehd on the

purpose, the feas1b111ty and the cost 1nvo1ved in measurement Recommenda-

t1ons are made concerning the preferred methods although alternatives

are evaluated as possibilities under a variety of circumstances. The

-

current practices in some of the te1ecommdni¢ations‘firms who. are measur-
"{ e_ ing productivity is cfitica]]yvdiscussed. This eva]ﬁatjoh.qf préctica1
-y th?ﬁu#?q; measurement is extended to other regulated industries in Lransportat1on

i | and public ut111t1es |

'TI | o " Economists have always attempted to delve behind the costAand.

t profit dafa collected by firms 1in an'attempt‘to understahd the choices

- |
ylj - about input uses and outputs produced by firms. As economists we have

_]i ‘ extended the statistical analysis of firms behavior to 1ink it with
pﬁoductiVity measurement. That is economic.-analysis can be used to

understand some of the reasons why productivity is high or Tow. Our



report'may/imply by'omission.that 6n1y economic analysis is relevant

| econom1c analysis of costs, revenues and prof1ts is be11eved by us to be
euseful 'However management, 1nvestment analysts and others use a wide

.-var1ety of forma] and 1nforma1 methods to ana]yze prof1ts The same
'poss1b111t1es exist for attempting to understand product1v1t/ Since

“our expertise is in economics, we have tried to 1nyest1gate'meth0ds'to

‘to expTaining'the possible management uses of prodUctivity In part1cu1ar,

“we have d1scussed the uses made by AT&T and Te]eglobe in Lhe telecommun1ca-.

for understand1ng product1v1ty measures. This is not correct. ,The'

ana]yze measured pfdductivity using economic analysfs’ This dqes'not
preclude other methods w1th wh1ch we are less sk111ed In fact we would
encourage the1r use by others wh11e defend1ng the 1mportance of econom1c”
analysis. - |
The.teTeeommunication\companies are familiar with ana1yzing levels
and changes in costs and prof1ts Their experience with.prdductivity is

less extens1ve To,remedy th1s,,we have devoted a portion of theﬂreport

tlons 1ndustry These uses include the 1ntegrated portrayal of prof1ts

and product1v1ty and a method for measur1ng how the product1v1t/ ga1ns

arising from_management efforts'werevdivided between consumers and pro-
fitsﬁ’ Less extensive descriptfons of other'uses in pTannfng and contnet
are'inc1uded To the extent that companTes can estab11sh usefu1 cost

(or profit) centres they may also ut111ze product1v1ty centers to further
the dr1ve for profits and efficiency.

- The body of the report is predom1nant1y wr1tten for. the specialist.

This 1s particularly true for the sect1ons dealing with stat1st1ca1 ana1ys1s

Cand the economic 1nterpretat1on of productivity. The sect1onsson-uses.




should be accessible to a wider.audience; In an attempt to provide
some gujdance, the table of contentS'iscoded'to indicate which sections

are most usefu] for the non- spec1a11st

The regulator has an interest in product1v1ty which does not
necessarily conflict with the firm's prof1t goals. - Whatever other goals
the regulator may have, the efficienéy-of the-firﬁs Undef his regulation.
must be-a goal. Finding coﬁcrete ways in which>regu1atién can en¢ourage,v:
: enforcekand reward efficient prodUCtion>shou}d be ‘part of.thé regulators;
| task. Existing regulation méy.we11 encourage fnefficiency‘éf several types.
The report attemptsito assess the inefficiencies that migﬁt be génerated\
by current regulation(and to suggest'methodg‘for overcoming these pro—'
blems. There is probably a trédeoff between efficiency and other regqula-

tory goals. However regulators must evaluate the inefficiencies inherent

in some policies they have currently encouréged. Otherwisé the costs

‘l . ' tp society of‘pursuing cértain goals Q1]1 be unrecoghized and jmproper]y

| evaluated. The practid&] implementation of prodUctivity regulation is
unfortunately not studied here.’ | '

~ | *Thfs report provides the methods for imp]ementfng productivity measuré;
J R ment and its economic interpretatibn_and uses within téTecbmﬁunications.
Recommendations on best p%actices and alternatives are‘inc1udéa although
not(a1ways expTicit]y_summarizéd. Refefeﬁceé»fo further‘WOrk’is not made

:1 in the report. The implications for further work have been defai]ed'in a

] sebarate summary prepared for ﬁhe Program Mané-ger of thé jofnt‘DOC—CTCA

projéct.
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1I. The Conceptua] Basis for Measuring and Comparing Firms' Productivity

I1.1 Introduction

This report is concerned withvthe measurement of productivity
.or effiéiency. To illustrate what we are trying to measure a very
simple example may help. In the figure below we have drawn a very
simple productibn function represented.by the'curve 0Z in the fig-
ure. For any émount_of 1abour, the maximum amount 6f.output that can
be prodUéed is given by the vertical cbordinéte of the point oﬁ 0z ;
' Our example involves a very simple production process in which Tabour

produces output. If produttion is efficient, then the producer fis

always obtaining the output quéntity on the production function, 07 .
That is, if the quantity LO ‘of labour is used then the efficient

quantity of output QO is being produced.

X : F '
r ,,’-E

"

ouX P

Q.

O C Lo _ ' : ' \.'k“‘)c\xt” ' ' x

Increases in productivity or efficiency imply that the pkoduc-
tion function, 0Z , shifts up. More output is obtained per unit of

input at (perhaps) all input levels. Productivity is often measured



as the ratio of aégfegate output to aggregate.inputs. In our simple
example this is'eqqivalent to labour productivity, output per unit
of 1abour. In.the figure, productivity at output<1eve1’>Q0 equals
OQO/OLO , 1.e., the slope of-the Tine ODF .

If we measure productivity by the output ber-unitjof'input, two
prob1em§ may arise. First notice that prdduéfivity,falls as thé quan-
tity of labour rises with no shifting in the production function, 0Z .
This occurs because the curve 0DZ is shapéd Tike an upside downvbow1,

slightly tipped. The ﬁroductioh funcfion in our eXamp1e exhibfts de-
Creaséng’returns to scale and consequently productivity falls as the '
1eve1 of output grows. | | |

If the‘1eve1 of output and input, 1a50ur, is observed at twa dif-
ferent time periods or for two firms at fhe same time period, we would
like to be able to distinguish changes in productivity (output per
unit of_]adef)-that arise due to shifts prard fn the production func-
tion,' 0Z , and mdvemehts along the curVe.i'It:wiil not a}ﬁays be easy
to do this. One of ouf tasks i§ to Qndefstahd the practical possibi-
Tities of making this distinction. . |

The shifts in the production function may arise for anyﬁnumber
of reasons. It'is not possible to know.why a change occured from the
measurement of productivity alone. The obserVatﬁon that productivity
increaﬁes is encouraging. It is a complex task to sort out the rea-
sons and we certainly do not do this. Over time the primary reason:
forincréasedefficiency is the growth in our teéhnica] capabilities
whichiére fncorporated in the capital ahd used by skilled labour.

However, changes in work organization, management structure. or personnel




policy may alter productivity. In a complex organization Tlike a

modern corporation measuring productivity in various disaggregated

component activitiesof the firm will make it possible to identify
specific reasons for productivity change in these activities. For
the firm as a whole, the changes in efficiency hwé]] portions of the
operations result in the observed change in the firms phoductivity.
'Ané1yzing the reasons ybz_productivity changes, for a firm,can be
elusive and this is why it 15 similar to ané1yzing profits. Almost

every facet of the firms operation effects both. To measure in de-

tail the contribution of the firms components to either is difficult

at best. Our analysis is concentrated at the level of the firm but

we hope that the firms will pursue the more detailed internal analysis.

We are willing to assist if that is useful but that effort is beyond

the scope of this project.




I1.2 Index Numbers and Aggregation

If firms produced a single outputvaing a single irput this

‘section would not have to be written. ‘In a.concrete situation in

which there are multiple inputs and multiple outputs, the problems

of aggregation arise. Productivity.has been defined as the,rétio '

of aggregate output to aggfegate input and we have td'cHoose'an

aggregation formula. The theohy of aggregat1on is rep]ete w1th the
problems of defining reasonab1e aggregate var1ab1es and we will
mention some of these as we proceed. Index number theory may be
considefed to be a sub-field wﬁthin aggfegation theory.or a éeparn
ate but oveflapping field of‘study In sect1on YV, a 1engthy and
technical discussion of 1ndex number theory is presented In a

few pages here we will attempt to summarize some of that materta]

‘as it applies to the measurement of productivity. ‘The-spec1a11st ‘

should consult sectiom V.

Suppose that ten services. are prpducedeat a particular set
of prices. we can form an aggregate outpdt‘quantity by mu]tip1ying
the prices and quantities of each service together and'adding'up the
results. If we had the data on the quahtitiesyproduced in several
firms or time periods weecaﬁ,aggregate each data set uéing a common
set of prices. This type of measure is a‘constant dollar quantiiy.
Each outﬁut is valued at a fixed set ofvpfices.in.a]1{time periods
or fivms. The value of aggregate output depends on the set of fixed
prices used in the aggregation. 'fhaf'is, this is a base weighted

constant dollar measure of aggregate 6utput. To form a qUantjty index,




it is normal to divide the constant dollar quantity through by its
value in the base 'year... This is a simple examp1e‘of a Laspeyres

index o?.aggregate'output.

There are many a1tefnatfve[index number formulas that will

convert a:set of disaggregated observations into an aggregate index.
There have been two streams of thoughtjconcefning which -index number :
.shou1d be uéed. In both streams, theféhoice may depend on the pur-
pose for which the index is to be Qsed. An older . and currently less
1mportant.1iterature attempted to evaluate the algebraic properties
~of various iﬁdex number formuTae_and_td‘eva]uate alternative -index
numbers according to the extent to whichlthey poésessed a number of
é1gebraic propertiesﬁ The desired properties were chosen arbitrarily
due to their reasonableness rather than any economic reasdning.

The a]ternafive stream, which éertain]y over1ap$ witH the first and
existed many years ago, -has received inéreasing prominence. This
approach might be called the ecpndhic theory of index humbers. In
selecting an index number forva particular purpose one wishes to
. know what aré the ecbnomic impfications of the choice, not the alge-
braic properties. .For examp]e; in analyzing productivity the choice
of én index number for aggregating inpﬁts implies a choice of an
. under1ying technb]ogy 1ncTuding the ease or difficu]ty,with which

‘1nputs can be substituted for one another. Recent deve1bpments in

this area have suggested that one use an index number which implies
a relatively flexible underlying techno1ogy; By'doing_so_-
one does not assume a restrictive form for the technology and

consequently will not make erroroneous assumptions about productivity.
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We have basically arguedvfor the fo11owing éonc1usiens cone

cerning the choice of index numbers based on economic theory. First,

fixed weights indexes should not be used. Of the variable weighted
indexes, one should choose one that implies aAnen-restrictive‘under-
lying technology. Finally the Divisia index has many convenient fea-

tures for making inter-firm comparisons and for linking,the index

'number approach to productivity measurement,with the econometric ap-

proach. Since the Divisia index (or a discrete approXimation of ft) ,
satisfies the first two properties, this index number is preferred
for our purposes. | |

There are at ]east'three»quaiifications and one additional posi=s
tive factor. First, in many instances the choice of one index»num-

ber formula from amongst the variable weighted:category, ieads to em-

pirical results which do not differ sherpjy from the results with
other index number formula. However, one can not know whether this is
true without doing the ca]cu]ations. Second, it is cheaper and may be
feasible to use fiked weight ineexes in certain situations in.
thch,the'data,for;the preferred 1ndexes can not reasonably

be deve]oped. + Third, there are certainly other indexes which . ]

will satisfy the first two criteria above. What is not c1ear‘{s that
some of our‘deye1opments for making inter—ffrm comparisons ;an‘be
implemented in their current form witﬁout using the DiviSia\inaex.
There is certain]& no requirement that a single type of index number

be chosen before some empirical experiments are completed.
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IT.3 'The Conventional Divisia Index of Total Factoé Productivity

From-a conceptual point of view, one of the most defensible methods

of aggregation for use in productivity4ana1ysis‘1s Divisia aggregation.
This fact has become well eétab]ished through the research of Jorgenson
and Griliches (1967), Richter (1966), Hulten (1973), and Diewert (1976), .
among others. - | | |
The conventionally measured Divisia index of total factor produc-

tivity is obtained in the following way.. First we define total factor pro-

ductivity (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 (d and #) as

. P.Q. . -
Q = 3 JRJ . Q. (-l.-])
: J
J
where _
Pj = price of output J
Qj = " quantity of output J.
Qj = proportion rate of growth of output J
R = % P.Q. = total revenue
N N | ,
J
. Wixi . '
and F = ? C . Xi (1.2)
where
Wy o= price of 1nput i
Xi = quantity of input i
X, = proportionate rate of growth of input i

C = Z.w:X; = total cost ..

!



Alog F = Tog (Fy/Fy q) =% 2 (s, + Si,tf1) log (X;¢/%; ¢ 4) (1.5)

13

Since TFP = Q/F ,=the'proportionate rate of growth of tota?i

factor productivity (TFP) is defined by
TFP = Q-F S ey

The formulas (1.1 - 1.3)-are in terms of instantaneous changes.

“For data obtainable at yearly intervals, the most common Ty usedfdiscrete

approximation to the continuous formulae (1.1) and (],2),15 given by the

Tornqvist approximations:

Alog Q = Tog (Qu/Qy_y) = % % (ry, + rj,e-1) 100 (@50 ¢ ) (018)

J
where
th = quantity of output Qj produced in period t
Pyl . | 3
rjt = 5P 0 = vyvevenue share of output_fQj in total revenue
J Jtogt during period t ,

’and

i

where

><
0

Xyt ‘quantity of input X used in period}t |

W
I

(wixi)/z wixi , the cost share of input Xs in the

it
i

total cost dﬂring period t.

Finally, the corresponding‘discrete"approximation to (1.3) is

provided: by

ATFP = Alog Q - Alog F - | . (1.6)
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'Choos1ng the 1ndex to equal 100 0 in a part1cu1ar year and accumu1at1ng ;

the measure. in accordance w1th (1 6) prov1des estimates of what we ca11

the convent1ona1 1ndex of tota] factor. product1v1ty.

I1.4 Tota1'FactorvProductivity and the Theory of Production

'"A'brief sUmmary will, be presented ofxthe major links between the
measurement of totaT factor product1v1ty and the theory of product1on
' ,More deta11ed treatment will be found in Denny, Fuss and ‘Waverman (1979).

The firms technology 1s‘descr1bed by the production funct1on
AQAH’—‘ f(x1 ,X’Z"',.{Xnk’t)f >, _ AA ) .‘ o (].7)

| For. any var1ab1e Z def1ne "L as the proport1ona1 rate of change of .
Z W1th reSpect to t1me Tota11y d1fferent1at1ng the product1on Tunct1on

with respect to time and assum1ng cost m1n1mizat1ons we obtain

-1

Qi'=' ? ECQ S. X + A ";* i = 1;...,n = ‘ '(}.8) :
where .
. s g o
€cq. " 3 C the e1ast1c1ty of total cost w1th respect to
a output
si"'# cost share of input kA
= 3 F o the rate of technical change..

‘ Using the definition of aggregate input F , given above, we may write

. ‘.. - -'l .
SRR
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or

. B L] . - '] _ ’ . A .

TFP = _A + (ECQ I)F‘ ) : | (1.9)_‘
With constant returns to scale (ECQ = 1) , the conventional

Divisia measure of productivity growth will be equal to the rate of tech-

nical change. With increasing returns to scale, the conventional measure

will overestimate technical change. The overestimate will be larger, for

‘any given level of scale economies, the faster 'that aggregate inputs are

growing. .
| Total factor productivity can be divided into two components ué%ng
equatioﬁ (1.9). As iantS'grow, thevpreséncé of nonfconstant returns to
scale»]eadsvto productivity changes whose"magnitude~dgpénds‘on the_éxagt
nature of the sca]e'factor."Shifts in the production function (A) " con-
tribute‘the'other componenf of'productivfty} |
The same type of analysis can be carried.out using the:cost func-

tion. Suppose we represent the cost functioh by the equation
c - g(w1,w2,..Lwn,Q,t)Ai R - (1.10)
App1y1ng'the same procedures we find that the proportiohate shﬁftfng of

the cost functioﬁ, B , may be written

B = ecq Q-F

.and

B = -ECQ.A -. - 0 (1.11)




This can be directly related to the conventional productivity measures

by writing

TFP = B+ (1 - eCQ)é | ) (1.12)

With constant éeturns to scale, conventional measures of the rate
of growth'of‘tota1 factor productivity provide estimates of the rate of
technical change measured from either the cost function or the production
function.

It is‘important'to recognize that productivity may be both measured
and thought aboﬁt in relation to costs as well aé production. The shifting
of the production function (A) will not be identical to shiffing of the
cost function (é) but they may be related to each other (1.11) and to
the rate of growth of total factor productivity. |

Extending the ana]ysié to the multiple output case, we find that

TFP = -B #+ (1 - @)QC,+ (Qp -Q.)

Cc

where

0 = I éCQ , the sum of the cost elasticities for all outputs.
J J ' '

in the weights used to aggregate the component outputs. The conventional

\aggregate output, ép » Uses revenue sharés as Weights and iéAdefined in

. equatioh (1.1). The aitérnative, /éc , uses weights that are the shéfe
of the cost elasticity for output j in the sum of the cost elasticities.
If there are constant returns to scale (0 = 1) then the second term

drops out. The third term represents departures from marginal cost pricing.

The two measures of the growth in aggregate output ép and éc differ o ll
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- differences into its components is only possible when sufficient dataiis

17

If pfiées'are equal to either marginél costs or a uniform prdpd?tioﬁ-of
marginal costs for gll;outputs tHen the third.térm_is zero. Otherwise, the
third term shows the contribution of non-harginal cost prfcihgjto conven-
tional measures of productivity‘érqwth.

The procedures outlined above'provide an interpretation of conven-

~tional measures of productivity. »Sinbe data on cost elasticities and differ-

ences between prices and marginal costs will not always be availab1e cal-

cu]at1ons of conventional. eff1c1ency d1fferences over t1me or space must

be viewed as a compend1um of particular effects. Resolution of the eff1c1ency

available to estimate cost elasticities. When that data is not avdilab]e
the efficiency differentials must not be narrow]y 1nterpreted as a ref]ec—

tion of d1fferences in product1on techn1que
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I1.5 Alternative Specif?éatipns of Productivity

There are an unlimited potential number of definitions of productivity.
Most of these are certaiﬁ1y_1e$s useful than totai factor productivity
although in particular aprications they may be ‘informative and perhaps
the best attainable. Our preferred specification has been éiven in the

previous section and in this section we will outline the alternatives.

Each alternative specification of a productivity measurement system

~ implies at least three choices:

1) A functiona] form; whereby we exploit the notion of exact and super-
Jative indexes (Diewert,‘1976) in ofdef to chdose that index number
which most closely approximates the hypothesized_under]ying functional
form. For'examp1e, if we choose’the translog as our functional form,
then a Divisia 1hdex, in its discrete fofm, as'out1ined by Torngvist,

s the best approximation (Diewert 1979).

2) Composition; whereby we choose the,exact composftion of aggregate
inputs and outputs in terms of their,”e1ementa] components". This
family of alternatives comprises a sét of_specifications such aé
the various forms of value added, total outputs, partial inputs,

etc. Thus; we have a specification of productivity aé,

Productivity Index = F(0

where Ij > 0 with at least one I _i 0 .
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cot

3) Elemental Definitions; whereby the components, or elements of F and G

above are defined at the appropriate points in the 1npuﬁfoUtput conti-
nuum, ‘This consists of enéuring that- the final product as perceived

by the conﬁumer is.in fact identical to thé supply of finished goods as
perceived by the producer. Thus, a steel mill that broduced 10% more
X-forﬁS‘would be considered more productive in only a very narrOW'sense.
if the consuming public required more Y-forms andlrefused to accept |

anything else.
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These choices can be represented schematiéa]]y as:

“Functional
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Since the issues concerning choices (1) and (3) are given very thorough

- coverage elsewhere in this report, we will restrict the fb]lbwing discussion

to the question of composition. There aréitwq broad’ classes, total and partial

productivity measurement. Within the former we can distinguish between two

important sub-classes, each in turn being sub-divided into two types. Thus,
we are looking at four specifications pertaining to a total type measure.
Partial measures can a]éo‘be categorized into two broad c1asseé,'each of which

comprises a of very large number of sub—bbssibi]ities. We may begin by

' tabulating all the relevant total and partial possibilities.

1) TOTAL MEASURES:

1.1) Value Added: .

1.1.1) Net Value Added:

= Gross Output - Materials - Depreciation
Net. Capital Input + Labour Input

1.1.2) Grbss VéTue Added:

- Gross Output - Materials

Gross Capital Input + Labour Input




1.2)

Total Qutput:

1.2.1) Net Total Output:

=  Gross Output - Depreciation

Net Cap1ta1 Input + Labour Input + Mater1als Input

1.2.2) Gross Total Output:

- ' Gross Output
Gross Capital Input + Labour Input + Materials Input
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2) PARTIAL MEASURES:

2.1) Total-Partial:

'2.1.1) Value Added Total-Partial:

2.1.1.1) Net Value Added Total-Partial:

= Gross Output - Depreciation - Materials.

the ith input

i = Net Capital or Labour

2.1.1.2) Gross Value Added Total-Partial:

;: Gross Output - Materials ,

the ioh input

i = Gross Capital or Labour

2.1.2) Total Total-Partial: _

2.1.2.1) Net Total Total-Partial:

= Gross Output - Depreciation

the ith'input

i = Net Capital or Labour




2.1.2.2) Gross Total Total-Partial:

= Gross Output

the ith input
i = Gross Capital or Labour
v2.2) Partial-Partial:
- The i®™M output i 4
The jth Input
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A]though we have Tisted a number. of alternative specifiéations, we will
concentraté on»those comparisons which imply 1mportant différences in results.

These 1include the bi1atera1‘distinctions:

1) Value Added vs Total
2) Total vs Total-Partial . o ‘,.."7 - |
3) Total-Partial vs Partial-Partial ‘

There are two important considerations when choosing between Value Added
and Total. First of all, without any separability requirementsgvit‘Can be
shown that the rate offgrqwth_of the productivity index for tota]-output

will always be less than that for real value added (Denny & May 1977). From

0p = TRPyy FKys Lyo M)

where TFPit; i=g, v is an 1ndex.of total or va]@e'added productivityy the

proportional:rate-of change of the: TFP index.for tota]ioutpat equals

TEPgy = Oy = 3y Syphyp s where Xg = KL, Mfori- K LM
and Sy Ky s =
el it :
Ptot
where r. = the price of the i-th input




and for a real value added model of:

0, = F [%vat 6(K, » Lt), M;}

the following relationship holds

TFP = (0

vt t

_21
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'S

vt

Then,' TFPgt = SVt TFPvt

which demonstrates the differential rates of productivity growth. A simple
example, (Vincent), can bé used to illustrate this point. Assumingv1abour

and materials as the only inputs we have, in real terms,

ithie)

: e
; where Sv

\\\\\\\\\\IEfi\ ; 0 1
TYPE )
Output 100 140
Labour 85 75
Materials ‘15 25

share of value added
in the total value of
output -
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Then:
Total Measure Value Added
140 //’ 100 180 -25 100 - 15
75+25 <\85+]5 | 75 . 85
= 1.40 = 1.53
and  TFP < O TRR,

The second consideration includes the question of separabi]ity" (Denny
& May). The standard procedure for meaﬁurtng real value added is called double
deflation. Outputs and materials are deflated separately. If this were not
done, then it would be impossib1e.to app1y‘revehue share wefghts (in the |
absence of cost elasticity information) with the linear homogenity property '
whereby Zsit =1, The'difference‘between tﬁese independant1y»def1ated series
méasures is real value added. In gengral terms, un]ess the.production technology

is additively separable,
0 = f(K, L)+ g(M)

then real value added measurement will result 1h>errors. This possibility of
error can be illustrated as follows: suppose-there was no technica1vchange and
no change in producL1v1ty during a g1ven time period, however, the use of
mater1a1s grew faster than output then the real value added measurement w111

record a non-existent decline in productivity. That is, if the separab111ty




hypothesis is rejected then ascribing factor specific technological changing

to materials, as does real value added measurement, Teads to errors.

Another consideration in the value-added vs. total debate is that of
disequitibrium (Treadway), unobserved in the basic accounting identities of
the firm. If disequilibrium is a1ioWed, it is virtually impossible to say
wﬁat kinds of distortions value-added measures imply. -The notion that internal
resources contribute in an "essentia1d fashion while purchases'do so only
"inessentially" is based upon considerations that have no relationship tb
" the relevant technical or organizafioné1 structure. The use of (0-M) as the
definition of real output implies a loss of information("0-M is consistent
with an infinite number of 0, M pairs"). "We could never do worse by treating

0 as output and M as an input and could often do better."

The total vs. total-partial issue is more straightforward. First of
all every total measure is a weigﬁfed average of total-partials (assuming'
that all respective outputs and inputs are identically defiﬁed and composed,
i.e., when the total measure is net value-added then the total partial meaéure
must Have output defined to exclude dépreciation and materials, and cépita1,

when it is the relevant input, must also be net of depreciation). That is,

it can be shown that, if product is exhausted, ensuring 0/1 = R/P then,
3 _
TFP = & W. 0/X. X. =K, L, M asi=1....... 3
21 ] i i -
' 2
where the wi = (Pixi> / POZP.X,
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In general, "partial-partial" measures, unless the jth"ihput is in

th output (where

fact the only'significaht factor inefabtihg with tﬁe i
'tbfs is net necessari]y‘a finished good),mSUffer the same drambéck as tﬁe
total-partail measure which offers‘indicatidns of Change which.can be
mfs]eading. ‘For example, if the number of operator Hend1ed calls per

circuit increased, do we attribute the growth to bettef opefators,'better

management of operator- time, better circuits, etc...?

A.final alternative measure offers Some.interesting possibilties for
detailed app]ieation by management df Firms; The ]atterlheve become fami-
lTiar with the usefulness of defining cosf centers qr‘pmdfit,centems. One
can defing with no greatér difficulty, productivity centers. These can
be at the Tevel of broad functions, e.g., transmission or switching, or
at a more?detai]éd Tevel of a particular wOrking'group. Companies often
used‘ihformal productivity indicators in‘many segmémts of their activities,
e.g. calls hahd]ed permoperator hour. It is possible to develop an ﬁnforma—
tion system wh1ch uses a variety of part1a1 productivity indicators and
Tinks these to the overall product1v1ty performance of the f1rm A deta11ed
‘model is not developed here but it can be done and some efforts in this
direction will be forthcoming dmrfng the next phasé fhe prob]emé are of
the same nature as those that arise in the creation of prof1t<ﬂ”cost centers'
‘Information is already col1ected on many deta11ed act1v1t1es and the maJor -
task is the coordination of the d1saggregated measures into a useful 1nforma-

t1on system for management.
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I1.6 Inter-Firm CoMparisons: . Some Methodo1og1ca1 Issues

In earTier sections, we Have discussed the task of-eva1uating the
efficiency of a given firm In this section, the problehs that confound
the comparison of firms will be anaiyzed Recall that most measures of .
productivity at the firm or 1ndustry level are index numbers w1th a base
year equal to one. If information -about product1v1ty indexes is avail-

able for several firms, we can certainly compare the rates of productivity

'growth for the firms. However, if we are to compare the'1eve1s of efficiency

in addition to the rates of eff1c1ency change then the level comparison
requ1res someth1ng beyond the information ava11ab1e in the product1v1ty

indexes.

This problem is very old. It has been discussed in the context of

comparing the weTfare-ofvindivjduals for decades. Suppose that there are
two individuals, Smith and Jones, and two vectors of commodities, 21 and

XZ . Which commodity bundle is preferred is not independent of whose

utility function one uses to evaluate the bundles. If Smith and Jones have

the 'same' utility function theo’the question of who isvbetter of f may
easily be answefed; One bundle will be‘preferred to the other by both
~.individuals. The indivﬁdua]lwith the preferred bundle is better off. 1In
.a]l.other-case; the comparison of 1oter—persona1 welfare may founder on
differences in preferences. 3uhd1e X] may be preferred to 'Kzl by Smith
and the reverse may be true for Jones. Some additional structores,must be

added to compare welfare ﬁn these contexts.

Similar problems will occur in the compérison,of the pfoduct{oh
or cost efficiehcy oetweeh firme. Consider a vector of inputs, Xb which
will produce an output level Q1 in one compeny and- Q2 < Q]' in another
firm, It is tempting to argue that firm one is more efficient than firm ‘

two and that the relative efficiency may be measured by the relative output




31

levels. It is necessary to explore the context in which this is a sensible

conclusion as well as to develop concrete methods for measuring inter-firm

comparisons.

There were two special features in our example. Only one output
was produced and only one particular input bundle was considered. If two
or more outputs are produced then the compar1son is more complex. If

all the components of the output vector for one f1rm are ‘larger than the

‘other the comparison is straightforward. However if this is not true it is

hecéssary to decide on how to define aggregate output so that one can deter-
mine which firm is more efficient given that each is using a given input
vector. Even W1th a single output, once the 1nput vector 15 a]tered X‘# X0
the relative eff1c1ency rankings of the firm may change. I. at d1fferent
input vectors, the rankings chonge what are we to conclude? From the econo-
mic theory of ppoduction, we might conclude that the production function

for the two firms was different. Since the couparisons are being mdde at
idontical input vectors, any'reversaTs of the efficiency rankings §uggest

(a) that the 1soquants for one firm 1ie inside the comparébie isoquants over

some output ranges and outside for other ranges and/or (b) the isoquants

intersect. The second case would arise if we restricted the observations to.

'any series of input vectors that produce the same output in one firm. If

the second firm produces more output at some of the input vectors and less

2 .

at others then the isoquants must cross. When this occurs, the technology is

different in a more fundamental sense than in case (a). In both cases we
need to c1akify the interpretation of the comparative efficiency of the two
firms. |

Most practical s1tuatxons are more complex. F1rms produce different

output vectors using d1fferent 1nput vectors and the pr1ces for outputs and
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and inputs are not the same for each firm. In order to compare the firms
in this context, a method forlstandardizing the outputé and inputs or prices
must be chosen. This is certainly the case with which we must contend and

it will be considered below.

To illustrate a simple methodology, consider taking a particuTar vec-
tor of output prices 50 and input prices WO . Using the actual observa-

tions on outputs and inputs; calculate for each firm k the ratio -

PRy = ? p jorik

10'Qik/§ w. X k=1,

The firms can be ranked by the value of ‘PRk . The ranking will depend on

the particular set of output, p._ , and input w. , prices chosen and on the

i0 io

observed quantity vectors for ourputs and inputs. A firm that does well in

a comparison under one set of prices and quantities may‘do badly using another
set. How might we chobse a set of prices and quantities at which to make a

comparison. This problem and extensions of it will concern us throughout this

section.

The firms may be compéred-under‘a number of alternative assumptions
about their production or cost fgnctions. Crucial to any analytic foundations
for.a comparative efficiency measure are the ‘explicit or fmp]icit assumptions
.‘about the differences in technology. For example, suppose we assume -that

each firm has a cost function

where w = (w],...wn) and Q = (Ql""Qs) are vectors of input prices and
output quantities. For any given input price and output quahtity vector
(ono) » one could rank the firms according to their total cost. The pro-

blems discussed earlier in regard to the ranking changing with w and Q
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hold Th this case also. For this type of comparison we needrto know-the cost
function for each firm J .i Econometric estimates of the cost function'cou1d
be made but this would require substantial data for each firm. If the cost
functions.were available then we could compare firms at any w and Q . The
rankings may change for different values of w and Q but this is a true
aspect of the comparison. Some f1rms are re]at1ve1y more eff1c1ent at cer- '

tain 1nput output comb1nat1ons than at others There is no reason a priori

‘to expect the ranking to be independent of w and Q . It would have been

entirely equivalent to begin with knowledge of the production functions for
each firm. If these were known then rankings can be made at any input-output

quantitiesQ

We genera11y observe,_the prices and quantities of 1nputs and outputs
used by the twrm Information is not generally available on the cost or pro-
duction funct1on and sufficient data may not -be available for est1mat1on of
these Tunct1ons What we are seeking is a method for comparing firms w1thout
requiring that we know the cost or production function in detail. That is,

we would 1ike a method for:comparing the efficiency of firms using only Timited

price and quantity data.without estimation of the cost and production funetion.

'The simple arbitrary formula for PR, > introduced ear]ier,'is an exampie,

Observed 1nput and output quant1t1es are weighted with 1dentlca1 input and
output prices for each firm. How do we select the. pr1ce vector? The tradi-
tional poss1b111t1es in a two f1rm compar1son have been the actual price vec-
tors faced by the two firms or some~sort of average of these_pr1ce,vectors.
If more than one price vector is used we can have:different”rahkihgét If

the number of firms is larger than two then the problems of choosing a single
price veotor are.expanded. An'average price vectop for all firms can be

chosen but this 1is nothing but an arbitrary solution.
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In a recent article, Jorgenéon and Nishimizu (]978) compared the
relative efficiency of the Japanese and U.S. economy during the last
twenty-five years. The method they used is interesting and will provide

a startiné point for some new developments suggested here.

The basis for their development is tHe assumption that the firms have
relatively similar production functions. Instead of permitting the function

for the production or cost function to vary across firms, these functions are

.assumed to be identical across firms but these are firm specific arguments

of the common function. This permits the output level to be different.for
firms‘using an identical input vector but it restricts the differences in the

technology -across firms. Firms' production or cost functions cannot be com-

pletely different although the precise nature of the restriction depends on
the functional form. It will be j11uétrated below for the Jorgenson and

Nishimizu case.

Assume that each of two countries or firms produces one output

using capital and Tabour. The'productioh technology may be Written

Q = f(K,L,t.0) | (1.13)

_where Q is output, K 1s capital and L fs labour. Output depends

not only qh the inputs but on an index of technical Change,through time

t and on a dummy vafiab]eA D which has a value one for one Firm and zero
for the other. This model assumes that the firms have the same produc--
tion technq]ogy except for a shift parameter (D) at any moment of time
(t). Since time and the shift parameter may interact thefé is no assump-

tion that technical change affects the two firms in an identical form.

Assume that the production'functioh may be approximated by a trans-

log function in the four arguments. Then,
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log Q = ay + apD + o In K *YgpDIn K+ o In L +y Dein L

2

Fagt + vt D + dav(In K2+ ey (In 1) + a0 (1.14)

_ ) - |
+ %Yttt + YKL']n K*In L + YKtt In K + YLtt In L

This is a particular second Qrder'approximation_to the production func-=

tion (1.13). For a binary comparison, the variable D can be thought of as

" a dummy variable identifying the firm. In the translog example, the first

order coefficients all are firm specific while the second arder coefficients

are common to all firms. At least for all approximations which are expansions
of the original function, the highest order parameters are common to all
firms. ~That is in a third order approximation, the first and second order

parametersarekfikm specific while the third order are common to a1i firms. -

"Equation (1.14) provideéuan example of specifying a production function

with some differences permitted across firms. The link between this specifica-

tion and practical measurement can now be examined.

The difference in efficiency between two firms is defined by the equa--

tion

In Q- 1nQ,= slin Ky = In Ko + §L[1n Ly = In Lyl + 8y (1.15)

where the numeric subscript indicates the firm,

S = ulsgy *sgp) o sp = E(spy *spy)
gL = 1,2(SL1 + SLZ) and 544 is the cost share of input j in firm i

The 1ogarithm1c-differences>in'the input uses are weightéd by the averége
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“share of the 1hpUt in each firm. The average,differehce in the efficiency

of the firms gD is equal to the difference in the 1ogaﬁithms of the output -

1eve1s,miﬁhs the sum of the weighted difference in the logarithms of the -

input quaﬁtities used. An estimate of the average efficiency difference,

Sp » can be calculated from observed prices and quantities of inputs and

outputs. To understand:what'ié‘1mp11ed by this particuiar measure of the

difference in firms' efficiency, we can relate the measure to the préduction
'function‘{n.equation 0.14).:The-1nput shares SKiF’SLi s 1 = 1,2 can be

're1ated to thé'trans]og;prodUCtion'function. For example,

alog Q _ o L L
BTog K = %k F Yk MK v TnLoFvgD F oyt

and a similar expression exists for all other inputs. In competitive

| equilibrium real factbr prices equa] the margjnal product of each féc—

tor. EquiVaIent1y, the logarithmic marginal product (31og Q/8log K)
equals the input share (SK); '7 o l 4

The difference in the firms' technologies is measured as

A :

Sp = E(SD] + SDZ). This variable is unobservable. - In terms of the traris-

Tog production function,

SpiT Tap et Yk TKF Yp Tm Lt vppD Fovpyet e 1= T2

The variable Spi measures the Togarithmic difference in the output of

the two firms holding input levels and technical change constant. This
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is the Jorgenson—Nishimizu definition of the efficiency difference between

the firms. Notice that the value of the eff1c1ency difference depends

on the 1eve1 of the 1nputs and technxca] change (t). Consequent?y at

any moment of time unless the two firms use the same input quant1t1tes

the efficiency d1fferences between them depends on the 1nput Tevels. For‘Ar
this reason, in equation (. ]5) the average eff1c1ency difference, D’ evaluated

at the input Tevels of each firm is used. The choice of the average of

‘the two values of the eff1c1ency differences is arbitrary since other

weights are poss1b1e.A We will return to this point Tater.

To summarize the material to this point; reWrite4equation (1.15),
Sp = log QI." Tog Q - {§K[1og K1 - log K2]j+:§L[1og LT - 1og‘L2]}-. (1.16)

The terms on the right hand side ane all measureb1e from oneenvations

on the prices and quantities of outputs and 1npufs! Cdneequent1y,~this
equatfon can be Used to evaluate efficiency differenceS’between-two firms.
It is a diScrete‘apprbximation to the~1nstantaneous efficiency differenceA

Sp = alog Q/3D ‘eva1uated af any K, L, t . The actual weights, Ei s

are comprom1ses since observations are made at d1rferent 1nput ]eve]s for

~each firm

Within this model, the measurement of the rate of growth of produc-

tivity for any. firm (D, constant) is derived as an approximation ‘to

s, = dlog Q/at -
the rate of growth of output holding all inbute constant. The approximation

is
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The rate of growth of productivity is measured using only the observable
prices and quantities of outputs and inputs from the right hand side of
equation (1.17). This‘expressioh is the usual approximation to. the Diviéia
index used by this author and many others to measure productivity for a
firm or industry. Consequently the methodo1ogy is consistent with recent

prdductivity studies.

The methodology discussed above needs to be revised in several
directions. This can be accomplished by using some current results by

Denriy and Fuss (1980). Define a quadratic function, f(x) ,

= = LET 0y XX
Q= fx) Gt ? ayxy 2?? %5%3%3

Diewert (1976) has proved the following theorem. Supposeiwe consider

‘any two vectors, x (= (x,.)), and _x](= (Xi1))’ then

0] 107
Qq = Qg = flxg) - flxg)
=l () - B (kg - Y. (1a8)
i i i

Consider the production function used by Joréenson'and Nishimizu,

Q = f(K,L,D,t) in the particular translog form they selected. . This func-

(1.17)

S SN On oM 5 MBS NS 08 W Sa NS W

sy =109 Qy - 109 Qy_q - {5y [Tog Ky - Tog Ky 4T - 5 [log Ly - Tog L, T3, l
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tion is a quadratic in the logarithms of capita1;1abour,‘the time
variable and the shift parameter. The theorem on quadratic functions

can be applied to this case. The theorem implies,

]nQ ::.']nQ ;LM.} M (]nK-]nK)
1 o TR, T oAk, MK 0

aln Q] 3ln QO

frlamr famry ) Unh Ty
‘ | (1.19)
dln Q] 31n QO ’
+y =+ (t, - to)
31n Q, “ 31n Q '
R P A B

The apb]icafion of this theorem provides a convenient and insightfu1
method for'ihterpreting differences in efficiency{ The Togarithm of the
output ratio between any two firms depends on the weighted sum of

(a) the 1ogafithm of the input ratios, (b) the differences in produc-
tivity due to time and (c)‘the’differencés in efficiency at a moment of

time.

The right hand side of équation (1.19) might appear_to‘be,difficu1t'v

to evaluate. RecaTT that -

3Tn Q/3Tn K ,

Sg ajn Q/31n L‘

S

+ dln Q/3In t , : .s

31n Q/3D

and that under competition Sk and S| are the input shares. Rewrite

(1.19) ‘as
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T Qp = W0 Qg = sy + 50) (n Ky = Tn k)
+ %(SL] + sLO)(ln Ly = 1n LO) o
Y (1.20)

sy + sty - tp) -

+ %(SD]'+ SDO)(D] - DO)

Equétion:(l.zo) integrates the cdﬁventionafiDivfsia:index of!pro—'
‘ducfivity with the Jorgensén-Nﬁshimizu 1nter—firmvcomparison of productivity.
Mofeover its 1mp1ementati6n_réquires'only daté that are observations -on
prices and quéntities. -Some confusion may arise with the interpretation
of the’szSCPipts; i =1,2 . In general, the subédripts refer to the two
sets of:observatioﬁs On:brices.and quantities. However, the pdfticu]ar |
origins of'thésé tﬁo data sets are not Specffied;by‘the equatioh.‘ That is
the two data séts may be obsefvations.dh (a)‘twd fikmgkintfheAséme time
period (b) one firm in two time‘periodslor (c) two fifms in two différent
time ﬁeriodéf*‘ln case (a),'since'thg time.period js tﬁé(same v(t] =(£O)
the third term on the;RHSVdrbpsléut.-,The rémainfng térms are the Jorgenson-
Nishimizu (see (1.16)) measure.of the intefffirm efficiency differéntia!.
 .In case (b), tﬁere is'6n1y one firm which necéséari]y‘jmplies fhat' D]‘; Dy
ahd,thevfourth term drops ouﬁ. The”remaining'expreséioﬁ is tﬁe.convehtiona1
DiviSiayindex of productfyity growth. The observations on prices.and
QUantities are for the same firm in different timé periods. The final

case, (c), involves two firms in different time periods. In this case,

we can not distinguish.between efficiency d{fferenbes that are due to differ-

‘ences in the firms at a moment. in time and-differences across time unless we
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app]y econometric techn1ques We can:still measure the differences between
f1rms but it will ref]ect a comb1nat1on of the last “two terms in equation

(1.20). This is still useful information about 1nter-f1rm d1fferent1a]s.
In defining the proddttion»function,_(1}13); we have implicitly
interpreted technical change as shifts in th¢:prOduction"téchho109y through

time. This 1s not requtred.énd 1f specific measurés of technical change

are avai]éb]e they may be used. However time pass1ng is the most compre-

hensive measure that is 11ke1y to be available.

‘It.wi11 be useful to extend this~ana]ysis to incorporate cost

efficiency in the mu]tip1é output case. Define a m&itip]e output cost

~ function,

9 = Q(WL, WK, t,. D, QA’ QB) ' . (1.21)

where s is the price of input i 'and QA and QB are the fwo outputs
Approx1mate this function with a translog cost TUHCL?OH,
In C = O + ay THIWK’+ uLv1n wL'+ uDD + utt
+ %YKK(]n wK) + %YLL(]n_WL) + Sy~

| ) | . o
Yyt ‘+ YKL,]n Wy 1n‘wL * YypP 1n’le

+ tht In Wy + YLbD In W +AYL£t ]ﬁ-wL ‘ N
| - (1.22)
aQA In QA + %03 1n-QB + \7 1n_wL.1n QAl

e yLB Tn W ]n QB + YKA']n Wy In QA'+ YKBf?n Wy In QB




+ Yap In QA in QB + %YAA(]H QA

+ypD In 0y * gD 1n Qg + Yiat 1n Q,
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If there are two firms, one and zero, and we wish to explain the differ-

ence in their costs, the quadratic fheorem can be applied
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Differences in total cost between the firms 1sanp1a1ned by differences
in the input prices facing the two firms, differences in the output mix
being produced and differences in the rate of technical change through

time as well as the efficiency at a moment of time.

In the first two;ﬁefms onAthe RHS of (1.23), the bracketgd expression
is the average cost share for labour or capita]. In the third and fourth
term, it 15 the'average cost elasticity. If thére is nQ-information about the
cost eiasticity then an assumption has to be made about these terms.

As we dfscussed éar]iérs-fhe cbnventidna] treatmehtVof productivity assumes
that there is constant returns to sca]e,.e.g. Jorgenson and Nishimizu, and
we cén dd the same. However, this will imply that the heasured efficiency
differences betweén firms w111 1nc1ude sba]e effects. ' This ‘is acceptabWe
and is simnly an example of the diffiéu]ties of dividing‘up productivity
differentﬁa]s.into sca1é and technical change. Productivity measures for

a single firm require-thé same division and thére are no new difficulties

for inter-firm comparisons.

The major advantage of this procedure is the explicit development of

the methodology that should alert the user of both its possibilities and

o _Jimitétions. The methodology developed for:comparfng the efficiency of

firms imp]jes‘that the technologies of the firms is similar. This is not

in fact a limitation o%‘this‘particu1ar methodology. A1l non—éépnometric
comparisons wf]] have to assume some degree of éimi]arity although it
could be different from fhat assumed here. What is assumed here is that

we can épproximaté the true cost function for two firms by a Translog sécond
order approximation. The cost functions for fhe‘Firms differ by only the

shift paraméter, D, which enters into many terms of the Translog cost




function. If one chooses another functional form, it may not be easy to
apply the quadratic approximation theorem ggg_obtéin results that have
an easy interpretation. In particuIar, one may need to use econometric

evidence to a greater extent than with the form we have chosen.

In the following 1argé section, we will stress the necessity of care-

ful measurement of outputs and inputs. This is required because produétivity _

growth should not include the errors in measuring these variables. Our pro-
'cedure accounts for dlfferences in the levels of inputs and outnuts but can

only-do so accurate]y if these are properly measured.



'by specific technical detail. waever, it may result in prob1emsvin any
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11.7 Technology and Economics in Telecommunications

One of the most djfficu]f‘qqestions to answer fs‘the"approximate
usefulness of the economists' abstract notion of a productionffunction
when one is confronted with a éoncréte and.complfcated telecommunications
network.. The abstraction from techhica] details is abso1qte1y eésentiai.'

to permit a unified economic theory of production that is not encumbered

specific app1ication,'e.g. telecommunications, if no consideration of the
broad scientific underpinnings are undertaken. With that in mind this -
section provides a bééinning for the investigation of the major aspectsA |
of the technology that are of -some ééonomic interest.

The tefm, scientific‘underpinhings? was chosen_de]ibefateiy; There
is no suggestion that detai]gd engineerfng studies are_a substitute for
economic analysis. The histofy of engineérs_attempting toldo economics
is miserable as the re;ent-enefgy crisis has illustrated. whaf ié required

is a cooperative effort.with the engineer or scientist providing techni-

cal expertise that can be‘amalgamated with the economic analysis. It is.
recommended that this be done in té]ecommunications during the next phases

of this project. The foT]owing d1scussion isrilfustrative rather than

definitive a1though it is’bartia]]y based‘onvthe engineering training

of one of the authors.

The provision of te1ecommunicafions sef?ﬁces can be afvided up into
two broad areas. They afe not-distingt]y separaténin préétiée but for |
the purposes of bur‘discussion there will Be'ﬁo serious flaws inAqur

procedure. The first area is the network aspécts of the system and the
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secon& is the chakacterist{cs of an individual 1ink.

To i1lustrate the network aspects,.]et us construct an eiamp]e.k'
In Figure f, seven-1oca£fons A, B; C, D, E, F and G represent particular -
point sources for sending or receiving information. The pnobiems of
sending messages between any particular two sources, e.g. A and F
wflT be our second concern. First we wiTl consider the network relation-

"ships between all the points. Consider the simple seven Tocation network

in Figure 1  It.wou1d of Couree‘be possible to provide a direct and
separate 11nk between each of the locations and the remaining s1x Th1¢
wou]d requ1re forty-two separate Tinks joining the locations and is very
unlikely to be observed in practice. To investigate this, consider some
sinpie econonics. Suppose that'the‘cost C 'of'sending messages over
any link depends on the distance travelléd t over any Tink and on the

volume of messages Q .

C = g(t,0)
The initial network 1ay0ut'might involve costs for any link Cij = g(tu.
where the éubscripts reference A,'B;...,G and i # § . Why would we
consider any nther layout? We want to determine the lowest cost network

' for'providing eny given message volume, (Q..) , between Fixed locations.

1]
In our example, there is no growth and no 1nd1v1s1b1e and 1rrevers1b1e
1nvestment which should s1gna1 the s1mp11c1ty of our examp]e First,

‘we would Tike to know how costs varied with distance and message output
Tevel. Assume 1n1t1a11y that there are constant,returns to sca]e with

respect to both distance and message output separately. Costs increase

with both variables and mu]tiplying.eithef variable by a constant X

.
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increases costs by that same proportion A . For examb]e suppose output
wés increased by a factor AQ and_distance by a factor ATﬁ then under
these-a;sumptions, costs must rise by a factor AQ-AT,. With fixed"
-1Qcations A,...,G , theré is no reason to have any other network

layout. The separéte 1inks minimize the fotal coét since any other lay-
out will increase total distance for a fixed total message output. Wfth-
out introducing some additional consideration or a1ter1hg ouf assumption
of constant returns to scale a1T_11nks are chosen:

For example, if there were increasing‘returns to scale in the pro-
duction‘of messagesléver any feasib1e(6utput range in our example then
'trunk' Tines that carried more messages would be cosf e%ficient.eveﬁ if
the total distance travelled increased. The savings on message trans-
mission would oﬁ average outweigh the’increaéed distance costs and on
the margin for the optimal network these costs and benefits would be
equal. It is 1ikely that there are increasing returns to scale with
fespect to messages due to construction activity. On the other handyit
1s'd{ff1cu1t to conceive of increasing returns to scale with respect to
distance. After relatively short distances, it is likely that there are
constant or decreasing returns to distance.
| »EVeh in our simple network, fhere are choices to be made about the
mésf.ef%icieﬁt network design and consequently inefficient choices are
possible. Implicit in our description is a timeless measure of output,
messagés,H;The network design had to carry the given volume of messages
at any moment of time. This simplification is npﬁ meéningiess since
actual dééign concentrates on the capability of carfying "busy hour':
message volume. This is also a timeless output measure. Rather oddly,

the‘telebhone companies have planned the network to meet’any timeless
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‘demand at the busy hour and then attempted to find a pricihg system.

-_that would pay for the network. In our example and in practice this leaves

potehtia]Ty large message carrying capacity underutilized outside the

- 'busy hour'.

It would be relatiﬁely easy to add on the stochastic nature of demand.

"~ The demand for service, evén“during the 'busy hour', is not a constant.

The"probab11ity of»a\11ne being demanded during‘any small interval may
be described by a probability distribution like the Poisson. Similarly
the length of time during whfch'the line is held may be described by
a prbababi]ity‘distrﬁbution such as the Geometric or perhdps Lognofma?.
While these facets of a te]ecommunicat{ons‘netwgrk are of vita1 practical
impbrtance.they do not_pfovide a wide array of new eéonomic.issues, In
passing one mﬁght mention that‘the.major cost~imp11cationvof stochastic
demand is the choice about the quality 1eve1.v fhat is what is the pro-
bability of not being able‘to'obtain a.1ﬁne. There may be sharp qost'
dffferences aséociated with choosing'dffferent'levels of this désign
parameter. _ | |
Three aspecfs of most telecommunicatiohs systemé will not be intro-
duced. First, we have.said nothing about SMtcﬁinQ,l ﬁitera11y,w1th no

switching we might imagine that our“network~had six entirely separate

“'private lines at each location.. To make our example concrete, suppose

that the te]écohmun{cations netwbrk is for voice tfansmission3 At any
1océti0n;‘wé'mi§ht imagine{(a) 6ne of more te1ephone-type iﬁst}ﬁments
With sﬁx'jacks representing the six private lines to -the othér-}oéations,
(b) six.or_more te]ephpne—tyée 1nstrUments permanéntly attached to the

Tines, (c) one or more teTepHone~type instruments each with the céﬁabi]ity
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of éonnecting to any of the six ]iﬁes. Obtion (a) could be conceived

of as manual switching.‘ The user must pTﬁg his instrument into the jack
to make the connection desired. With option (b) there is‘novswitChfng_«
-sinée a premanent connection existsvfor each Tine. Option (c) implies
that the'teléphone instrument has built inﬁo(it the capability of select-
- ing the desired connection. This is a form of built-in switching.

" For the mbment we W111,ignore the possibilﬁty of having more than

. one instrument in option (a) and- (¢) and more tHan sixfinétruments in
'option (b). This brings in the question of multiple voice channels which

we will introduce in a moment.

Assuming that only one voice transmiss{on is possible dn any link,

- there are obvious cdst differences invoTved in‘thé simplied switching
alternatives, (a),b(b) and (c). For example, wé wou1d }1ké to know the
relative cost of broviding a telephone instrument with automatic switch-
ing such as that considered in (c) compared to the costs of user switching
in (a) and mu]tiple permanent connections in (b).. Presumably (a) is

'cheaper than (b) in terms of equipment but user time costs in making’
connections will offsetAthe equipment saving. We will return to switch-

. ing after introducing a number of very cruﬁia] aspects df a telecommunica-

tions network.

Most'te1ecommun1cations nétworks.provide service on demand}v That
is ﬁhe user doésvnot order a partiCUlar 1ink and qﬂantity of message
transmission and waitvfor its production. Thé.user is able to assume -

- over a wide variety of services that the Cépacity'is available on demand,
This is not a necessary part of a telecommunications network. " One could

have a network in which users ordered services and paid a price based on
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| how soon. they wanted a transmission and on the message qQantity~to be

transmitted and distance of transmission. If service is to be available

on.demahd'then the existing capacity will be underutilized much of'the

time. The existence of excess capacity is not necessarily inefficient.

Rather it is a characterfstic and a real cost of providing service on demand.

Could an alternative type of service not available on demand be pro-

vided. Certainly the genéra1 answer is:yes but some attributes of providing

telecommunications services may suggest that there are reasons for provid-
ing service on-demand.

Most teTecommunicafions TinkS'havevrequired high fixed costs rela-

tive to variable costs. Whethef this,hasvchanged through time with the newer

types of Tinks.is something we might investigate in a later phase of this
broject. To the extent that this is a true characteristic Qf the links
then the priCeifor usagé in the short-run shoqu be Tow.. Having service
avaiTab]é*on demand s not the same thing as a reTétive1y fow‘short~rUn’
demand price. However, the 1arge fixed investment 1ncorporated‘1hto ahy
]ink~1mp1ies tHat producﬁng only after demand‘appears is not pérticularTyv
sensible. That 15; the basic 1inks cén not be’ﬁut‘in place and removed
depending on‘demgnd;  Once the tfansmission‘11nk_is in piace some type

of service on demand is quite feasible.

There is one further problem that requires a brief discussion before )

" we try to bring the various arguments together.. On any Tink it may not

be technically feasible to produce a Tink Whose.capacity is as small as
the smallest demand. The~mostfobvious examples relate to the Tocal tele-
phoné lines. The ibca] Toop between a subscriber and his local Central

Office is reserved for the subscriber. Not only does the subscriber not
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use the line most of the time but when he is on the 1ine, the Tine jé
capable of carrying more than one voice channel but it never does. This
should be kept'diﬁtinct from the previous issues of service on demand and
underutilization. The idea in this instance relates to the'ﬁechnica1
question about the minimum capacity on any link. This may exceed the
maximum demand. '
Let us try to draw these various issues together and relate it

back to switching. There is a great deal of potential in a telecommunica-

tions network for underut111zat1on of the links based on both purely tech—'

no]og1ca1 cons1derat1ons as well as the combination of time varying demand
imposed on a link with high re]ative fixed costs. This may a1so result in
underutilization of the switching.

Switching has a1most never been done at the send1ng and receiving
locations such as A By...G in our simple network. Rauher 1n order to
reduce total switching equipment costs through higher utilization of equip-
“ment, Tlocal exchénge switching centers have always existed. Since'Targe
segments of the network Tinkages will ndt be used at most if not all
moments of time, switching utilizatioh w511 be increased by linking each
1ocatfon to a switching center at which all switching is done. This will
increase the tofa1 distance travelled by a fixed}quantify of méssages.
“However, the total costs wi]T be less due to the savings in switching
equipment expenses.

The economic tradeoff is between the_incfeasing.cost of Tonger
Tines in the local loops versus the savings.in Switching capacity and in

using trunk Tines as the size of the lTocal Central Office grows.
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- A switching center for only sevenvlocations'is tiny-aﬁd at.least
today could easily be 1nsta11ed at each of ouf lTocations. However, once
one thinks of thousands or millions of Tocatidns tHe situatfdn is different.
The physical space alone, required to provide switchingfequiphént»at
every location for every other'10cation woqu not be justifiable. Switch-.
ing via.cross-bar or step by step systeﬁs Usuai]y permits local exchanges
A phones for example. The probability of very many'of the possib]e
1inks‘in a network of even 10* Tocations being,uéed at one tihe-is very
small. For perhaps'a~majofity of the links‘the_probability of any use

at any time is also small.
It is‘the~sw1tching1function that domiﬁates the design of a local
network, but other cohsidefatfons may enter into the longer distance trans-

mission. Over a longer distance the costs per unit distance probably

‘rise more than propoftionate]y with mileage. Ever since WWII deve]opments.

have been made that have substantially reducéd the costs of Tong range

transmission. Most of these.are»assqciated'with the Qse'of trunkb1ines
that package mahy voice éhanne]s’togethergin otder to-iower_the cost of
sending a given quaﬁtity ofyinformation.' .

In allarger more féélfstic network; one of fhévimbohtant
features is the possibility ofachoosing alternative routes between any‘
two points. On the local loop, a sing]e.cohnectioﬁ‘is'permanenf]y wired
into a pafticular Centra] Office: However once’ a cé]T'is to proceed
beybnd the Central Dffice of the originating party there are a variety
of options available. Trunk lines between iocal ‘central bffices pro-
vide voice channels that can be used for any call. If necessary, routes

that are not direct can_be chosen as alternatives to the most direct
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foutés. Route se]éction is of gréat importénce for long distanceAca1ls
and the alternatives are much larger than with Tocal calls.

.The volume of long distéhce calls is quite small compared to
the vo]ume of local ca11s: Since constructing lines over long distance
is expensive, there.are strqng.inCEntives to collect calls and send
them over a 1im1ted anber 6f high capacity lines. The stochastic
nature of the demand for any particular iink permits the total capacity
of the system to be réduced through the aVaiIabi]ity of a vériety of
alternative routes. There is a limit td‘the alternative segments for
any coﬁﬂectipn'since the qua]ity of transmfss1on falls as additional
separate 1ine»paths‘aré added, The process can be i]]ustrated.by con-
sidering an example illustrated in figure'Z; '

Thefe is a hierarchy of offices illustrated in the figure.

An originating call will travel to the Tocal central office where.it'is

switched and sent tb'a toll center, From here it will be switchéd to

a primary center, If a route is feasible, i.e. exists and is un-

utilized it will. travel d1rect1y to the local toll office of. the call-

ed phone. From there it can praceed d1rect1y to the called phone '

through'the local centra] office. As the d1agram.111ustrates there are

a large number of alternative possfbi]itieé; The a1ternatives’are numbered

by the priority with which each would be seleected. Routes with more

switches‘are']ess'desirab]e'since more swifching equipment is utilized

and the quality of transmission falls és the number of switches increases.

THe marginal cost differential of.transmitting«over'any route

other than route dne is Tikely quite small today. Provided the quality
of transmission does not fall too severely the'availabfe a1ternatives

lowers the'capacity required to handle peak periods. One of the re-
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quirements of this type of flexible system is that searching for an
open route must not take too long. The newer switching equipment with
its greater flexibility and higher speed has enhanced the cost savihg

features of alternative route selection.

How are the characterististics of the network going to enter into

an econom%c analysis? We have seen already that thé switching equip-
ment is going to be yitally important for holding costs déwn in the |
local network. Unless the local networks are redesigned to'e1iminate
the permanent “private line" befween the subscribér and the local
central office; there will be 1arge'underut1]12ed capacity in the local
transmission network This does not imply that the switchina Eapacity
is current]y ava11ab]e to hand]e the capacity of local lines. It
certainly is not in p]ace. However the marginal cost of increased
transmjssion is mainly re]ated‘to the switcﬁfﬁg capacity in tﬁe 10&&1'

network, There may also be local trunks that are operating at capac1ty

for at least part of the day The changes in local loops may be drama—

tic in the next decade. "The possibility of delivering many new non-voice
services'to the individual subscriber are evident. The cHanne] capacity
required will be much larger than the current local telephone 1ine although
the exiSting cable television lines have much larger channel cépacity.

The large- time of day and day of week variations in demand provide the

- main network features thét are not sufficient]y_ana1yzed. If the existing
demand for service can be shifted into off peak period or if new services

can be offered off the current peaks, dutput.can be expanded without large

increases in inputs.




‘message must be translated from its or1g1na1 form at A to the appropr1ate

efficient codes. The actual transmission process is more closely re]ated

to the physica]~propert1es of the media. The pr1mary quest1on is the speed

‘message received at B.
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Attempting to summarize the technology underlying a parﬁicu]er
channel or Tink in a te]ecommunicatiqns.ﬁetwork is'dffficulff Our intent
is to cautjously portray an abstract version of the fechno1ogica1'aspects
fhat wou1dAappeaf to be most important for economic analysis. It is
not concej&ab]e»that a few pages will substitute for centuries of engineering
and scientific knowledge . but taken in cdntext the important 1ssge§ can

be outlined.

It is perhaps simplest to coﬁsider the prob]ems abstractly‘from
the point of view of‘communieations theery ahd concretely in the‘form of .'
telegraphy, the.o]dest‘form of‘eiectricel communication. To maintain
simplicity, there will be no network on1y.a-simp1e Channe1vor 1%nk frem

point A to B. A message is to be sent from A to B via telegraphy. The'

form for sending down the channel to B. There, it must be retransiated
into -the final form. The process of translation is usually referred

to as encoding and much of the work in communications theory relates to

at which we can send 1nformation’down the channel. Affecting both of these
problems is the noise associated with any e1ectrica] circuit. The presence

of noise implies that there is always some probability of ‘an error in the

In1t1a11y, a system with DC s1gna111ng w111 be 1nvest1gated In
the simplest s1ng1e current system, electrical current is turned on and off
at the sending end of the circuit. The'receiving end perceives a similar

although not identical pattern.of on-off states. The message to be sent,




for’example‘an Engiish text, must be encoded into a sequence of on-off
pulses which areisent and received before translation back into an English

language message.

" By 1838, Morse had déveloped his code in which 1ettersnof the alpha-
'Eet are represented by dots; dashes and spaces. The dot is an electric
current of short duration, the dash an electric current of Tonger duration
and a space is an absence of current. Dots, dashes and'spates.were assigned
to Tetters in a manner which minimized the Tength of tfme to send a message.
That is,commonlj used letters were assigned short combinations of fhe dots,
dashes and spaces. It is known that a code using dots, dashes and spaces
could be cohstructed that would be roughly fifteen percent more éfficient

than Morse code. However, the efficiency of Morse -code is quité remarkable.

‘ There is a 1imitéd speed at which Morse code can be sent over any
simple telegraph line. A short pulse of current sent atAoﬁe end of a Tlink
is received at the otherlend as a much more elongated smoother rise and
fall in current. if one attempts'to increase the’frequeﬁcy of short pulses
sent, thé receiver‘wilT find that the elongated pulses can ho 10nger be

distinguished.

Single current_te1egraphy uses -only one level of sending current.
It is possib]e to use more than one intensity Qf curreﬁt. This was under-
stood and utilized in the nineteenth century when doub]e current telegraphy
and much higﬁer intensity differentiations were introduced. For each
Tevel of current, the speed of signalling {s_sti11 ]1m1£ed by the e]bnga-
tion of the pulse signal at the receiving end. Moreover, as we increase

the number of different‘ihteﬁgities sent, there will be problems distin-
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guishing between the different current intensities..‘Added on to these
two difficulties is the presence‘of noise which is élways present and

which will tend to make identification of one or many current intensities

difficult. Noise may be overcome by using more power, i.e., higher current

intensities, but there are 1imits to the power that can be used on a 1link
before a short-circuit will appear. ”

The early telegraph developpers-realized in an informal manner

most of the difficulties that would delineate the feasible technologies

of the future. The rate at which signals can be sent over any 1ine is

Timited. It is difficult to distinguish between many alternative current

values paktitu]ar11y in the presence of noise. Finally while noise can be
overcome by increasing the power of the signal, there are limits to the
feasible power that can be applied to a particular 1ine,

Why would an economist care abouf the technical characteristics
of a communications channel. Fundamentally, as economists, we are ihter4
ested in the characteristﬁcs of the constfaints on the-supp1yJof telecommun-

ications outputs. The output of the communications channel can-beitonsidered

" as the number of bits per second. - We are interested in the possibility of

devoting real resources to altering the signa1:to noise 1eve1‘or‘pr6vid1ng
more sensitive symbo1 detectors or chooéing néw transmission machine5~
in order to increase the output level. Are there scale economies in line
itransmission, can rapid substitution be made'between different méséage_
types and sources etc.? Knowledde of the technical aspects of the supply
system improve our‘abi1ity to explore methods of altering efficiency and
evaluating public policy. : |

The-capacitaﬁce, inductance, resistance and ]éakage in a circuit

will provide Timits Qh the speed at which data may be transmitted.j These




61

characteristics of the circuit will affect the shape and amplitude of the
arrival signal at the receijving end of a circuit. For a given circuit
the speed of transmiSSion'wil1 certainly fall with distance and in general
the speed will fall more than proport1onally as the distance is increased.
To overcome this problem the use of regenerative repeaters is requ1red
The fact that repeaters (regenerat1ve or not) can be econ0m1ca11y placed
along the line does suggest that the major costs are not fh transmission
but in the line itself. o |
There are theoretical Timits on the capacity and speed at which
information can be sent down a channel. The most important ﬁs perhaps .
the rate at which information can be sent is proportidna] to the band-.
width, That 15 for a given quantity of information and a given bandwidth
there is a minimum time that will be required to transmit the information.
In a noiseless channel the channel capacity, C, measured in
terms of hits per record would be
C = 2Wlog,lL
where W is the bandwidth and L is the number of distinct signals being
simultaneously. In more complicated ehanne1s, with noise for‘examp1e, the
expféssion will change. However it will still be true that the capacity
of actual telecoﬁmunications systems is roughly proportional to‘the band-
width. It is also true that the capacity can be increased by increasing
* the number of different distinct signal levels (L). However notice that
the relationship is such that the capacity will not‘inerease as quickly
as the number of §igna1 levels.
Most of the existing telecommunications networks use continu-

.ous analog, not digital, signalling. In those circumstances the capac-
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ity of a noisy channel will be

C = W log, (1+S/N)

where S/N is. the signal to noise ratio. . Thefsame proportional relation- '

ship exists between the capacity and the bandwidth. Howevérithe ability

to distinguish signals is now related to the pbwer of the signalvreTative

to the noise. "If the signal-noise ratio can be increased at reasonable

cost, we can obtain more capacity from a given channel.

It has not_been possible to develop this section to the exteﬁf
that we would have 1iked. Hopéfu]]y‘the)examplés, incomplete as théy
arevw1]1 clarify our intent. The specifﬁc teéhho]ogica] knowTedgé under-
lying a particular industry shou]d.be uséd to enrich any economic analysis
of efficiénch The engineering or.scientific information SEOu]d clarify
the concrete form in Which incfeases in efficiency have been embedded intd
the capitaf of the netwofk. To do this fu]]y on]d be aﬁ enormbus effort
but our more modest efforts can be enhanced by a further attempt’ to fncor—
porate the-explicit characteristics of the techno}ogy. It is hoped that
this can be done in conjunction wfth the te]éphone company eﬁgineers parti-

cularly in the measurement of capital.
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III. Tdtal Factor Productivityi <The Theory and Practice of Output

and Input Measurement

TITILT Introduction.

In'sectiOn’II, we have discussed the conceptual‘foundations of
efficiency measurement. This secfion investigates the problem of'
defining the real output and real fnpuf measures required to measure
) productivity. The relationship between. the desired concepts and the
feésibi]ity of attaining these meaéures is studied. Several of the.'
telecommunications firms are currently measuring productivity and

their methods of measuring outputs and inputs are reviewed.

Why do the exact methods of measuring inputs and outputs receive

so much attention? A trite answer is that measured productiyity will .

vary with'a]ternative measﬁres. More serioué1y there are at 1éasti
two strands of concern. Economists have developed a'theory'of effi-
cient resource allocation and we would Tike the chosen meésures to be
conéistent with that theory. 'fhe measures should also conform as
‘closely és possible to the economic theory of welfare., In -contrast
to this emphasis, it may be useful to alter the measures fo permit
variants whith.are of more 1ntére§t to the firm of-the regulator.
Although not streésed in the text, the feasibility of achieving
the desired measures will be séveré]y constrained by cost. It is
quife possible to.begin with crude measurement and as the value of
productivity measurement is perceived then further improvements can

be made.
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IIT.2 Qutputs: Consumption and Production

To clarify the problems associated with measuring output it is

.usefu1ito consider an abstract notion of an elemental production_process.

Such a process is to be understood as a complete description of a set
of inputs and detaf1ed»proceésing that produce known specified outputs.

The elemental processes are given at any moment of time and the existing

ones are independent of current economic decisjons. The Tatter will

“have important implications for future e]eménta] processes. Why are

these elemental ﬁfocesses different from a production function? The

basic distfnction hasito‘do with the 1eve1 of1comp1exity of the techni-

cal processes and socio-economic organfzation.' That is it is assumed
that firms or sections of firms are involved in combining elemental
processes to produce outputs. While the term production function could

be applied to the elemental processes, for the purposes of this discussion,
it éou1d not then be used to describe'the‘techﬁology‘of tﬁe,firm. |
Since the ‘term production function has been used widely at the firm Tevel,
the major purpose of introducing a new term 1S_£o clarify the wider choice

that is presumed to be available to the firm while maintainfng a techni-

" cal constraint on its behavior.

The notion of an elemental output is useful as an anchor. There
is a huge range of detailed possibilities of "packaging" characteristics
‘as an output through CombinatiOn of elemental brocesses. An output from

an e1émenta1'process that.is 1ifera11y packaged and shipped to a destina-

tion could be considered as the output from a combination of at least
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three elemental processes. The elemental processes, however numerous,
produce outputs with characteristics that can not be unpackaged. Com-

bjhation; of elemental prbcesses prodcue outputs although the possible

-combinatibns may be Timited by the technology. Technologies describe
not only how inputs can be combined to produte elemental outputs but
also how outputs that are combinations of elemental processes can be

produced.

A problem arises at this.pbfnt concerning the characteristics.
The concepf of a cﬁaractérisﬁic of an output or commodity is not well-
defined. - What we will accepf is the idea that the list of characteriéticsx
exhausts the description of the commodity. Né are assuming that informa~
tibn about the characteristics of a ;ommoditybare available at no'cost

to both producers and consumers. However. the quantity or presence of any

particular characteristic may be of no importance to either or both groups.

Alternatively the relative importance of any particular characteristic
for either group may vary substantially. This distinction will create

some interesting problems for practical applications as we will see later.

The brief ConCeptuai diversion can now be used to cTarify certain
- problems in butput measurement. These problems aré associated with the
methods of accounting for changes %h quality. Changes in quality imply
changes in the characteristics of the outputs through time or between
firms. An excellent example of the controversy is contained in Griliches
(1964). As he discusses, the controversy is related to the possibi1ity
of separating output measurement frpm We]fére. The answer is surely no

but the implications of this judgement must be explored.

\



From a consumer perspective, an individual has a utility function

~defined over commodities. The']ist of commodities for which the utility
function is defined must be carefully specified. To maintain the 1ink

with the production sector, the commodities in the utility function will

be identical to those specified as outputs of the production activities.
The consumer is presumed to maximize his we]fare which in this cohtext

implies maximizing the va]ue of his utility. The important po1nt to

. stress is that the consumer knows the re]at1onsh1p between the commod1t1es
.and their character1st1cs and his welfare. If one w1shes one can intro-

~ duce a Becker-type conéumer technology that translates the godds obtained

from the producer into qti1ity. We have subsumed_thjs in the utility
function. However what is.crﬁcia1 is the fo]]ewfng Tink. If the charac-
terisiics of the commodities in the ﬁtility functfon are not dfreét]y
measures of we1.are they are certainly indirectly re]ated to we].are

The demand for these commod1t1es is.a derived demand from ut111ty maxi-
m1zat1on. The characteristics of a‘commod1ty that interest a consumer

are those that'u]timate]y affect his We11—beingﬂ fhis does ndf_ﬁean that
output is a measure of welfare but-only that the.characteriéties of a
conmodity that.must be included in its deééription are those that the
consumer des1res because they indirectly affect his welfare. The.producer
must a1so be concerned with the character1st1cs that matter to the consumer

under any profit-maximizing economic.system.- This reinforces what is funda-

-mental but often obscured:. It is ndt.possible ob.usefu1 to try and com-

pletely separate welfare and production. If outputs are to be measured
with a detailed specification then the charactersitics that are important

to consumers as welfare maximﬁzers-must be held constant. If they are not
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then consumer behaviour will be altered and presumably producer behaviour
'w51i also change. The output from production is not a measure of we]Q
fare but if the characteristics of the cqmmodfty that effect Welfare are
-altered output must change. Iprroblems df quality change are to be
~avoided, the description of_the output musf»jnc]ude the welfare derived

characteristics in which the consumer is interested.

On the production side, gross outbut is the desiréb]e output magni-
- tude. The gross outpuf is simply the flow of oUtht per time period that
Teaves the production unit. 'As noted above the producer is concerned with
chérécteristics of the output not only due to his concern for consumer

response but also due to his own cogt cdnside}ations. That is, some charac-
teristics of the output can be altered wfthout affecting the consumers

evaluation of the product although producers’ cost may change.

For the firm, a continuous series of choices must be made about
the package of chéracteristics that will be contained in the outputs it
produces. These choices Usuai]y imp]y that through time the bundles of
characteristics offered for saié w%l] be altered aﬁd thaf the qua]ity
of productsbchange both at the market boundary and at non-market boun-

- daries.,

There can be a long sequence of events between the 1nitiatf6n of
prodﬁétion and the consumer‘s‘sétisfaétion from the conéumption of the
product. This rather vague seﬁuence haé tb be split at some pbint to
define output of the production sector and the arguments of the utility
function. The existence of market transactions fn coﬁmodities'has pro-

vided a usefu1'a1though arbitréry dividing line. It is not arbitrary
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in the sense that the location of the boundary between producer and con-

sumer cannot be explained. It is arbitrary in the sense that it can sh1ft

and its jocation is not based on the notion of what is an output. Alterna-

tively we can state that neither the conéept of a production function

not that of a utility function is sufficient to determine the commodities

in which market transactions occur.

. The Market Boundary

The sequence of events from 1nput$ to satisfaction is divided by

‘the market boundary. It is there that transactions take p]acé_that .

exchange money (or goods) for goods. On the 6ne side of the boundary
there -is the firm with a production technology which Timits its behaviour
and describes the'possfb1e transfdrmafidn of the inputs into outpufs. |
A very large abstraction has to be made concerning the relationship

of sciencé, technology and the internal social ordering of the work force-
to define the production technology. We,ﬁave subsumed a]?_fhis in the
conventional production function for both the e]émehta] production‘prd—

cesses and the comb]ex production processes derived from the elemental

~ones. The output of the production function becomes the market output.

This framework: focuses the analysis onto the'market value and the deter-
mination of market prices. On the other side of the boundary is the
consumer‘whosé satisfaction from the purchased output may réquire time

and other resources not purchased in this transaction.

There is a tendency in most applications of economic theory.to

freeze the location of the market boundary by the definition of the outputs
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from production that enter into consumption. In general there is no
'tﬁeoretical reason not to determine the boundary endogenously within

the model. Historically, the market boundary has shifted due to the
puse of the/consumer's own resources to produce more or less df certain
products outside of the sphere of mérket aétivity. Certain production
processes have shiffed across the market boundary. If we are interested
in ﬁarkets or économic activity on markets then the market defined

. commodities are whét we should attempt to measure. To the extent that
we wish to study a wider range of spcio—eéonomic acfivity then the mar-
ket determined commodit1es may not be the most useful or the only output
measure that should be collected. Even for the study of the market
economy, the collection of non-market output will be necessary to under-
.stand,changes'that arise in non-market areas that shift particular commodi-

ties from one side of the production process to the other.

Whi]é it 1s certainly easiest to collect informaﬁf&m on market"_
tranéactions there will always be problems for which this n inadequate,
‘Although thoroughly underdeveloped at the mOménf; it is feasible to.
develop models thaf explain the. location of the market boundary. Although
. not formally devé]oped they would aha]yze‘the problem of tﬁe existence
of firms that use many eleméntal and complex production processes. Firms
| always face the 'make or buy'question on.the input side and the question
of produce or not produce on the Qutpdf side. For most firms there is
.é cdmp1ex range of internal transactions between useré that are not mar-
ket tfansactions. Exactly which transactions will be market and which

non-market has not received very much attention.
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In te]ecommunicatibné, there are interesting and pertinent examples
of all these problems. The outputs'of the industry are often classified

under fhree'headings: access, usage and terminals. For example AGT used

-these categories to form groups from a detailed 1ist of services at

the second Teleglobe symposium on productivity. This is a hatufd] pro-~
cedure since there exist tariffs for all these types of services. The

existing market boundaries define the conventional output categories.

Are these output categories satisfactory? 'We may not be able to

reach a definitive answer but some Timitations of these categories may

‘be suggested. "It is reasonable to argue that usage is what consumers

of telecommunications services are buying. Consequently some quantita-
tive measure of usage is required. Usage implies a time dimension but
this is certainly not sufficient. For any service the guantity of time

must be supplemented by the other characteristics of the service.
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II1.3 The Measurement of,Outputs in Telecommunications

The method of measuring outputs is important. There fs no natural
*notion of output 1ndependent of the purposes for which the data fs in-
tended. Firms undertake activities and pfovide physical goods and
less tangible services, some of which are distinctly priced and otheré
~which are provided as part of a package whose components afe not sep-
arately priced. We have aftempted'to present an abstract notion of an
output in the first part of. our discussion._ The intent is to stféss
the ease with which alternative output measures can be defined, par-
ticu1ar1y if one selects the outputs as defined by thé existfng market
boundary. A more deta11edAconsideration of the outputs produced by
te]ecommunications Tirms follows. |

It is not sen§1b1e to select a single measure of output. Rather
a multitude of physica1 and constant dollar measures, together witﬁ
qha]ity characterisfics, should be collected. This wf]1 permit (1)
an improved understanding of the attributés of 'output' that are
changing, and (2) a better control over the differénce in the output
mixes produced in different firms. The latter is neceésary for com-
paring efficiéncy. |

-Tﬁere are at least three distinct purposes that may require some
differences in the output measures. The Companies are interested in
profits and consequently the resources accruing from the rates of
telecommunications services. In this cbhtext? outputs might 5e de-
fined as the pfoducts that are priéed in the markets. If there was

no change in the quality or characteristics of outputs through time
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, or between companies these measures would suffice. However there

are many changes in telecommunications outputs. For this reason,

- output measurement will have to be 1nvest1gated from thefperspective

of economic theory and efficiency'and from the~regu1ator's viéwpoﬁhf.
It is not nécessary that large differences in output measures for
different purposes exist but the possibility cannot be eliminated.

without careful study.
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Local service revenue is generated by several mqjor'typés'of out-

put§ as well as a very large ndmber of minor ones. The largest share of
Toca] service revenueAis derived from the flat fee charged for local ser-
vice. These fees are differentiated by (1) business vs. residentié] ser-
vice and by (2) rate group, i.e. the number 6f phones in the local calling
area. Theucurrent définition of the market'boundary'is quite épecia] and

a variety of a]ternatives'exigt but were not selected. local ca]]s are not
metered for tfme,distance or amount of switching réquiréd. Historically

tﬁe metering costs weré sufficiént]y large fe1ative tb the costs of provid-
1ng‘1oca1 service that meterfng could not be justffied. Recent widespread
metering of local calls in Europe and the 1ntrodncfion of more metering in
the U.S. implies that this is no longer true. The flat fee.givés‘any user
unlimited access to the Tocal network. If local usagerinéreases through more
phone calls or higher average duration or highér average switching, tﬁere |
will be no increase in output if prices at the existing market boundary are
used.to deflate 1oca1~sérvicé revenue. . On the other hand for,fhe same'
volume of usage, output will change if the number of main stations i.e. tele-
phone- Tines, increases or if existing users switch between rate grdups or
between business and residential. |

B For the firm,concerned with revenue, changes that generate 1n¢rease5'
in revenue‘without price changes might be treated as output cﬁanges. How-
ever for other purposes, this definition js misleading. - It may be possib1e,
to increase output with no changes in inputs e.g; increases in off—peék call-
ing. This is not feasible with other definitiéﬁs of output that monitor

the number of calls. Flat fées that ignore the number of calls, combined

with price discrimination across the class of user, do not recognize any of
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the usage characteristics of demand or supply. Only the inputs requ1red
to affect access are ref1ected in this type of output measure.
The ro]e of time in the output measure is very “important for Tocal

service. There are two aspects. First, is calendarftime,which_1n1cudes

~ the month, date, day and time of day. The demand for local calls has a

well established general pattern for most days of the week. Theke are
weekend patterns and seasonal variations.

There is a relatively common temporal call pattern for resjdentia]
and business exchanges on weekdays. These are illustrated in figures 1 -

and 2 . The distribution does not cover the nightetime periodtsinCe call

.~ volume is very low for both groups. The residential demand pattern is less V

peaked than the business pattern. . Since tetecommunications systems are
engineered for peak demand, it 15 the basineSS'exchanges that haQe the
1argest excess cabacity off the peak period. In both residential and busi-
ness exchanges there are huge quant1t1es of empty hours which m1ght be filled
by other services in the future. |

There is also a very skewed-distkibutﬁOn of usage‘classified by cas-
tomer. That is a very large percéntage of all ca]1sAare made by a:fe]ative]y
small number of customer lines. With a flat rate service,Athe average cost

per call varies widely among customers. The marginal cost to the user is of

course zero., With the rising interest in metering local service, it will be

useful to obtain data on number of calls. In.a system with no time of day
pricing the capacity of the system is not utilized during most of the year
Although time of day pr1c1ng would lower the peaks it is not known to what

extent calls can be shifted to off peak periods.
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Thé experience of.the New York Telephone Compény (NYT)»wiT1 provide
an e%amp1e. Hop]ey.(1978) describes the experiment. NYT introduced a 27%
discount on 1oca1 calls placed from 9:00 P.M. to 9:00 A.M. re1at1ve to
the rate of 8.2¢ per ca]l charged in the per1od 9: OO A.M. to 9:00 P.M.
The scheme was introduced in the NYC and Buffalo metropolitan areas, Thé
regular call rate as well as the discount only apply after a limited number
of "free" calls. 'It is not surprising that the shifts in calls from peak -

(9:00 A.M. - 9:00 P.M.) to the off-peak period was minimal. As Hopley

notes this is not the only criteria. ~Thé'major rationale for peak load

pricing is to allocate the costs of the system to usage-at different periods
of time. This is a useful objectiye eVen if the call shifting s minimal.
The basic problem with the NYT experiment was the minimal price“differen—
tia]s'bétweén only two large periods. As we.have seen above substantial
variation in demand exists within the peak period. However, ‘the shifting
of costs out of the off—peakvnight—time period certainly makes sense. The
Tocal .network is engineered to have a very low probability of.not be1ng‘

able to connect a subscriber who-is not using their phone. This implies

“that the switching equibmént‘or inter-office ‘trunk lines are not'uti]iZed

fu]]y. ~ For comparing companies the main impTication is that if fhe call
pattern erf calendar time differs, then for the same network of subscribers,
different real resources will be required.

.Thé duration of the call is the oﬁheh major time factor. If the
Tength of cé]]s or pattern of length of calls ovér calendar time varies
across firms then different input resources will be requ1red

S1nce several phone companies distinquish local rates.by the number
of subscribers in the same Tocal exchange, the consequences of this prac-

tice for output measurement is worth studying. The general pattern across
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Canada has been for thé population to become concentrated in urban areas.
It-is in these areas that the top Tevel of the rate groups exist. Con— 
sequently'the local service output level has been rising due to shifts in
location.of existing users and the location choices of new users. In making
inter-firm comparisons, we want to know the egtent.to which output growth:
has been based on differences in rate groupings and shifts across these

categories. For example, it is known that the introduction of Extended Area

Ser&ice rafsed rates in Ontario and Quebec by shifﬁing subspribefsvinto
h{gher rate groups.v What quantity of extra output should be associated With
this shift? | N

Local service revenue includes a large quantity of equipment rentals.
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