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For many years, the ecenomic discussion of the relation belween
market struclure and productivity has been characlerized by two
points of view. On ihe one side are what may b termed the “competi-
tive stroctutatists,” that is, those who believe thal noncompetitive
markel struclure has a direcl and negative impact og performance, be
it 1hrough monopolistic and oligopolistic misaliocations (*y in-
efficicncies™) or Lhrough simple operational inefficiencies where
compétitive pressures are weask (Yx inefficiencies™). A different view
is tuken by some instiutionatist and political economists, in particutar
by followers of Joseph Schumpeler. They, t00, argue that markel
siruciure makes a difference, but they see large or oligopolistic firms
2% a main agent for innovation.

What we have got to accepl is 1hat [the large firma] has come o be the
most powerful engine of fccanomic] progress. . . . 1n this respect,
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perfect competitlion is nol only impossible bit inferior, and has no
title to being se1 epon & model of ideat efficiency ESchumpeater, 1950:
106].

In this view, productivity improvements usially require inlermal
rearrapgement of the preoduction process, new management
techniques, capital owuilays, and labor reallocation anrd training.
These tasks may well be most effectively undertaken by enlerprises
that benefit from economics of scale, have large resources at their
dispasal, and can hedge risks through diversification.

The empitical evidence for a relation between markel struciure
and prcluclivity is ambiguons. Early research was contradictory (for
example, see Stigler, 1956; Phiilips, 1956; Weiss, 1963; Allen, 1969%. A
good number of studies have pursued this guestion, primarily through
investigations of patent grants and R& B expendilures of firms of
different sizes, or of their adoption of new production techniques.'

Typically, such studies are highty aggrepated on the industry levet,
and are estimated across different industoes, comparing concenira-
tion indices with dependent variables such as productivity; such
procedure is usually chosen because it is difficult to find different
concenlration ratios for the same industry. Yet industries vary widely,
and their comparison is prablematic. For example, an important role
in productivity change is played by the presence of basic knowledge
ready for application, referred to as “lechnological opportumnity™
{ Phillips, 1971), which varies from industry to industry. One way to
escape 1he problem of comparison is to use the same imlustry across
different countries; but this only raises new problems.

This study, en the other hand, proposes to proceed by concentrat-
ing on one indusiry, amd in one country only. Lt proceeds in a very
different fashion from the research mentioned above, in that it looks at
the rate of productivity increase within an industry thal is, interest-
ingly encugh, characterized by thousands of lacal monopolies. Fur-
thermore, a large number of new entries oo, making it possible (o
determine the trend of state-of-the-art technology.

The results of the investigation can yield poteatially interesting
conchusions; first, they shed light on the cable television industry
itself — an industry of much public policy importance — and, second,
they #luminate the relation of productivity and monopely in general.

Methodologically, 1the objective of this chapler is to find and
measure the rate of technical progress in the operations of already
existing — and locally monopolistic — cable television companies,
and toconltrast this internal rale of innovation with the external rate of
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change in the “stale-of-the-art” or “best-practice™ 1echaology. Tech-
nical progress #s described, in the way used by economists, as those
shifts in the productivn function over time that are vnexplained by
changes in factor inputs {Solow, 1957). These shifts, reflecting the
productivity increase of firms over time, are decomposed in Lhis
chapter into three components:

{a) the eltects of the “vintsge™ of technology, thal s, of the apc of the
1echnology;

{o} the effects of maturily in operation, that is, of “learning by doing™:®
and

{c} 1he eiffecl of economies of scale,

ln including these three factors the study goes beyond other
wrilings that do not distinguish among them, specifically not between
vintage and malurity. This is & methodological contribution of this
chapter. Empirically, it adds 10 the anatysis of an industry whose
importance —and list of unsettled regulatory questions — is ETOWIE,
yet whose production characteristics have received anly scant statis-
tical attention (Bube, 1975, Owen, 1982). In praviding some empirical
evidence, this study can rely om data for nearly 5000 U.S. cable
television systems.

BACKGROUND TO THE
PROGICTIVITY ISSUE IN CABLE TELEVISION

White the substantial communications potential of cable televi-
sion is well known, it is less recognized that the locally monopolistic
industry strocture of the medium may lead 10 its suboptimal develop-
ment. This danger has been commented upon for the issue of product
diversity, which may be lessened by the aperalor’s gatekeeper controt
aver programming {Sloan Commissien, 1971; Cabinet Commitiee on
Cable Communications, 1974). Far less uttention bas been given to
Lhe issues of productivity and innovation. The rapid development of
cable television tec hnology has been far from uniform inits diffasion.

A patlern is emerging in cable television service across the Uniled
States. l.arge companics Lha! own cable syslems, eager o win
franchises in unwired cities, are guile willing to spend hundreds of
millions of dollars to build modern syslems. At the same time, they
give much lower priority to rebuilding their older syslems in areas
where there are no competilive reasons o offer the more iavish
services. . . .
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In Queens, for example, Teleprompter . . . is proposing 107 chan-
nels. . . . In Manhattsn, by cenlrast, Teleprompter offers . . . oaly
26 channels,

The rates in ithe new sysiems, also bora in a compelilive stmos-
phere, are far lower than these in New York, The same ATC that
charpes $11.75 a month in Manhartan for 26 channels is proposiag a
rate of $3.75 a month for 56 channels in Deover [ New York Times,
November 8, 1982: B-1, 20].

The root causes for such discrepancy miay be sought in the struc-
ture of the industry. The catle 1elevision industry consists of a series
of paratlel local monopolies, each de facla based on the award of a
local operating franchise. In a monopolistic situatien, profit maximi-
zation does not necessarity lead to adeption of a “besi-practice”
1echnology, even if such would be economically feasible under com-
petitive condilions, For example, the upgrading of channe! capacity
by the use of more sophisticated converters and the like may not be
underiaken, because it would primarily divers viewers from already-
existing program channels rather than generate new viewers, there-
fore, a monopolist in the supply of cable program channels normally
has incentives to supply less than the competitive capacity.® Within
each franchise area, the licensed company is, for al} practical pur-
poses, in control over the technical innovatien of the Lransmission
system. While it is true thist the cable eperator is bound by the terms
of & locat franchise contract, and has an incentive not 1o lose the
franchise for lack of innavation, such loss has not occurred outside a
handful of tiny localities:

Where cities have tried Lo spur competition during re-frapchising by
inviting competitive bidding, they have been unable lo inspire even
4 aibhle of interest front any companies other than the incumbent
operalor, Cily officials conlend that operators are reluctant Lo enter
an already franchised area for fear that the same will happcn to them
on what Lhey consider their turf, Operators accuse cilics of using
competitive bidding only as a ploy to get better service [Fom an
incumbent [Stokler, 1982: 3614

in many instances cily officials are uninformed aboul the available
lechnology set:

If you starl the refranchising process by asking officials what they
want that they don'l already have, you'll probably find that most of
them don't have the slightest idea what is availabie. . . . Sofat; there
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has bern a lol of talk abowt rebailds, bet not a ol done [Tony
Hoffman, a sccurily apalyst at A. G. Becker, az quolded in Rothbard,
1982: 27]. :

The more general question that such observations raise is the
extent to which available innavation is adoepted in a locally
monopolistic setting. Because of its present institmtional pecu-
Hiarities, cable television provides an unusual opportunity $o observe
and contrast both the competitive and the monopolistic adoption of
innovation within the same industry, Cable system operators nsvally
pass through an intensely compealitive phase ar the beginning of their
operation, when they vie with other companies in attempting 1o gain
the locat franchise. The normal franchising procedures calt for appli-
canl firms 1o present the merils of their systems; by the nature of the
inlensive bidding process thal ensues, companies compele in the
technology Lthat is offered as well as in its cosl-eflectiveness, since the
proposed rales are parl of Lhe bid.* Aller a franchize has been
awurded, however, there is litlle compelitive pressure for the cperat-
ing company to upgrade a system according to the subsequent
technolopical development.® This is not to say that there are no
improvements; but they will be motivated by considerations other
than the presence of intraindustry competition. Therefore, there is no
reason to assume that established cable systems will necessarity keep
up their internal improvements with the external rate of change in the
indosiry.

Empirically, there are special advantapes of analyzing the cable
television industry:

{a) It consists of several thovsand Rrms, alf essentially operatingin a
local one-plant production mode, and all reporling data according
1o a uaiform system,

{b) Each year brings Lthe enlry of hundreds of new systems, an unusual
opporiunity to observe the trend of new vintages.

{c) The technology is nearly entirely nonproprietary to the operators,
and is generally avaitable 1o alt operating companies. Virlually no
vertical integratiom inlo the manulaciure of capitel equipment
exiEiy,

THE MODEL

Three different causes for shilts in productivity are normally left
unseparated: first, the internal improvements in operations, which is
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Equat-Experlence

Lines
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Time
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Productivily yia)
v{)
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Tlme ¢

FEGURE §.3

here termed the “maturity effect” of a system; second, the technical
progress external to the system, lermed the “vintage effect™; and
third, the economies of scale thal may result from expansion. To
tlllustrate the first two factors: In Figure 8.1, time is mapped on the
abscissa, together with that period’s aotput relative to inpuls (towal
factor productivity). Observations made at time t({), 1(2), and so on
then show points such as P{1}, P(2) and so on, and ar apparent
productivity trend E However, the underlying reality may in fact be
mor: complex; internal productivily improvements of firms may in-
crease 8t the rate of the slopes of the lines ¥(1}, where each line
corresponds to the maturity trend of a given vintage of technology, At
the same time, technical progress raises each year’s vintage pro-
ductivity from V(i) to V(i+1). Hence the trend line F is in fact a
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combination of the two rates of technical progress, that of movement
along a function and that of & shiflt of the function itself. The slopes G
of 1he lines connecting the “eguat-maturity” points of different vin-
tages reflect the rate of external technical progress, while the slopes H
are the trend of the experience gains for a given vintage,

To Lhis analysis one must add the factor of scale economy. o the
exlent that cable operations grow as time passes, they reap potentially
existing economies of scale (Noam, 1983a, 19830), apart from the
effects of any technical progress.

Past research on the productivity of other industries has allowed
for scale ¢conomies {Dhrymes and Kurz, 1964; Christensen and
Green, 1976; Denny et al., 1982; Nadiri and Schankerman, 1981;
Gollop and Roberts, 1981). But they do not distinguish between the
vintage ™ and maturity® rats of productivity increase.

We now formalize the model, using 28 multiproduct seiting. Con-
sider the production of m outputs using n inps. The cost function,
uniquely corresponding 1o the production furction under the assumyp-
Lion of duality theory, is at each time 1

ClO=fP).. . P{r x; Q{3 ... Q(m); V{s); M(1); K] [1]

where C) is tolul costs of production;, P{iy) is the prices for the
factors of production i, given exogenousty; Q(ji} is the output quan-
tities for the different products of & multiproduct rm; V(D is the
vinlage of the plant; and M(t) is the plant’s maturity al the time t; and
K is ather faciors that may affect cost of prodoction. The partial
bogarithmic derivatives of cost with respect to input prices, cutput
quantities, vimage, and maturity are the partical elasticities B with
respect to these variables. The total change in cost of equation 3 can
then be expressd s composed of the contributions of price and
guantity changes and of vintage and maturity effects.

Furthermore, a cost-minimizing behavior by the firm is assumed.
Using Shepard's lemma, the cost-price elaslicities are then egual to
Lhe share of each input factor in total cost, that is,

sz ili dmC o ol
T genP,  CR

where Xi is the quantity of input i, Piis the price, and C js total costs.
The estimation of these cost-share equations jaintly with the cost
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function increases the degrees of freedom and the statistical weight of
an empiricat eslimation,

For the purposes of estimation, let the cost function f be given by
the translog cost function, & second-order bogarithmic approximation
10 an arbitrary twice-differentiable transformation surface (Griliches
and Ringstad, 1971; Christensen et al,, 1973). The general transiog
function imposes na restrictions on production such as homogeneity,
homogheticity, or unitary elasticities of substitution, and is hence
covenient for the testing for the exisience of these properties.®

A major problem with the application of a muitiproduct specifica-
tion of a cost function is that if even oae of the products has the value
zes0, the observation's value becomes meaningless. For that reasen,
it is necessary 1o specify an aliernative funcational form that is well
behaved. As pointed out be Caves et al. (1980), the nse of the log
metric for putputs in the generalized translog function is unnecessary
for a homogeneity of degree one in factor prices, a condilion that is
wsually imposed. Instead, one can substitute the Box-Cax metric

w
Q¥ -1

w

5(Q,)= 131
which is defined for zero values, and which approaches the standard
natural logarithm 1nQ) as w — 0. Using this expression, we can define
the “hybrid” multiproduct translog cost function.

Q¥ -1
—

. ' q
#nC{p,, Qq, M VK )=a;+ ? g, AnF, +;£ 3, ta,nV  [4]
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The partial elasticities of total cost are then the logarilhmic purlial
denivatives,

L
-~}
Bop =2t ?aijE“Pj' ¥ E g T %im oM 131
ta inV+ E, g, fak
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W
Q -1!

W

Eﬂxk =a t auﬂnl{ + ? amEnPi + 4:‘, 2k

+a, Y

Several parametric restrictions muost be put on the cost function.
The cost shares must add 10 unity, which implies that X Ecei = I;
hence the cost function must be linearly homogeneous in factor prices
st all values of factor prices, output, vintage, and maturity. That is,

Eiai=1;?aijz?aiqi?aim=%ﬂi?=?aik=ﬁ | ¥}

Furthermore, the cross partial derivatives of the transiog cost
funciion must be equal, by its second order approximation property,
that is, the symmetry condition exists

3y 7 Ay and B = Aoy where 12, pFa H1]
The cost function is homothetic if and only f it can be wrillen asa
separable tunction of factor prices and outputs (Shephard, 1970). The
optimal factor share combination is then independent of output, that
is, the expasnsion path is linear. From equation 5, it then must be

By =0 F12]

whichimpaoses n — § independent restriction, where nis the aumberof
inputs i. Furthermore, the function is homogeneous at the sample
mean if overall cost elasticity with respect to output is constant, that
s, if the conditions hold. ! '

aqp=aiq=aqm_=aqv=aqk~=w=ﬂ [13]
Economies of scale must be evaluated along outpul rather than along
input-mix, since the relative composition of inputs may change over
the range of output. Only when the cost function is homothetic will
ihe two be identical {Hanach, 1975). The implication is that scale
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economies are better describad by the relation of cost 10 changes in
output rather than by thal of ovtputs to changes in inpuls, which
makes a cost function an advantageous specification,

Following Frisch (1965), the cost elasticily with respect to output
E is the reciprocal of scale etasticity E. For the multiproduct case,
loca) overall scale economies, as shown by Fuss and Waverman
(1982), are

E= 3 E1
g &

f14}

Product-specific economies of scale are, usmg the definition in
Baumo! ef al, (1972),

ba™ ag f15]

where 1C are the incremental costs of preducing product g. This
incremental cost is described by

1€, =C(Qp .. Q- 0@y, -+ 0y 1.0, Qyyy - Q) (16]

g-—1°
This elasticily can be writien as
IC

_ g
Esq_ T "rL{.‘Qq [171

For the hybrid transtog function, sample mean vallesare P= (=M
= ¥ = K = 1; thus the cost functiens simplify 10

€Q ... Q) =explay) 18]
cQ...Q,_,,0.Q aueempfa - 2 BN g
q—l q+i M 1 w gwi

so that eguation 19 for the proeduct-specific economies of scale
becomes
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a
q aq
explag) - exp(aﬂ glew + E)

E = 20
&g explag) * 2 20}

‘Fhe form of estimation that is vsed 1o determine this multiequa-
tion system is Zellner's {1962) ilerative method for seemingly vnre-
iated regressioms. This technique is a form of generalized least
squares, shown to yield maximum likelihood estimales that are in-
variant Lo which of the cost-share equatiens is omitied (Barten, 1969).
In estimating such a system, it is generafly assumed that disturbances
in each of the share equation and the cost eguation are additive, and
that they have a joinl normal distribution. These assomptions are
made here oo, '%

DATA

The empircal estimation of this study is based on an unusually
good body of data for several thousand cable television sysiems, all
producing essentially the same service,'® operating and accounting in
a single-plant mode, supplying their jocal markel only, and reporting
data according to the fairly detailed categories of a mandatory tederal
form.'* '

The data cover virtually all 5000 U.5. cable systems, and are
composed of four disparate and extensive files for each of the years
1976-1981 for technical and programming, financial, local commumty,
and employment information.”® The financial data inciude both bal-
ance sheet aad income information.®

Al vanables are standardized around the sample mean in order {o
overcome the problem of arbitrary scaling that can become an issue in
translog function.'’ Furthermore, the sonnormatized variables and a
nonnormalized allernative definition of labor (lotal hours) are used Lo
test for the robustness of the resvlts of scaling.

LABOR ENPUTS

The factor quantity is the number of foll-lime employees {with
part-timers added ar half value), 1ts cost is the average salary of
employees. '
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CAFPITAL INPLUTTS

Accounting data for different classes of assets are reported o the
FCC in book value form. Although the preut bulk of assets in the
cable tetevision industry have been acquired within the past decade,
thus limiting the extent of inflationary dislortion, it was considered
prudent to revalue these assets, To do so, the study took advantage of
2 highly detaited engineering study, commissioned by the federal
government, on the cost and patterm of Invesiment in ihe construction
of cable systems. In that repost, the required investment flow in a
medium-sized cable system over & period of ten years was caleulated.
(Weinberg, 1972: 128). We assume that {a) this distobution of invest-
ment over the first {en years is proportionally the same for all systems:
(b} investment in the eleventh and (urther years is identical to thal of
the tenth year; and {c} the cost of acquiring capital assets reqguired in a
cable television system increases at the rate of a weighted index of
cosrmunications and uliities equipment.

¥or each observation, we know the first year of operation and the
aggregate historical value of capital assets. It is then possibie to
atocite cupital inveslments to the different yvears and different types
of investment, amd to inflate their value to the prices of the observa-
tien yeir.*® The inpwt price Pu of this capital stock K is determined by
its opportunity cosl in a competitive environment, consisting of po-
tential returns r on equity E and payments for debt D, with an
altowance for the deductibility of interest expenses (tax rate = w).

E D
P =i~ o +rD(i-w}I [21]

The required return on equity is determined according to the risk
premium p required above the return on risk-free investments, Rr; that
is, re = Rr t p. Ibbotson and Singuefield { 1979) found gfor the Standard
& Poor 5000 to be 8.8 for the period 1926-1977. Hence, using the capital
assei pricing model {Sharpe, 1964; Lintner, {963), an estimate of pfora
specific firm is 8.8 times A8, where B is the measure of nondiversifiable
{syslematic risk. The average 8 for cable companies is listed by
Moody’s (1981) and can be used to calculale the risk premium over the
treasury bill rate.
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For ry, the return on long-term debt, the {ollowing melhod was
employed: for each observation i was determined, using several
financial measures, what its hypothetical bond rating would have
been, based on a company's financial characteristics. These
“shadow” bond ratings for each observation were 1hen applied (o the
actual average interest rates existing in the observation vears for
different bond ratings (Maody’s, 198 1}. This procedure is novel but is
based on previous study in the finance Yiterature of bond ratlings and
their relation to financial ratios. 2

Tax-free w is defined as the corporate income tax rate (federal and
average net slate). Debt is defined as long-term liabilities.

PROMGRAMMING INPIITS

The third production facter of the model is the inpit of program-
misg. A cable system that carries no communications messages
would be of no interest 1o subscribers. Therefore, cabie operators
supply programs in addition to providing the communicatjon wire,
These programs are not produced or generated by the operators; with
trivial exceptions,®' programming is supplied by broadcasters and
program networks.** Program costs are both direct and indirect.
Direct costs are the outlays for program services, for example, 1o
pay-TV networks and 10 suppliers such as Cable News Network
{CNN), which charge operaters acconling to the number of their
subscribers plus the cost of program importation and its erupment,
Direct costs, however, are only part of the total programening; indi-
rect costs that must aise be considered are the forgone earning from
advertising. Forexample, CNN is able to sell some of its ajr time 10
advertisers. This time is in effect a compensation in kind by the cable
operator to CNN for the supply of the program. Similarly, local
broadcasters are carried by cable for free, and the Programming cost
of these “must-carry” channels 10 cable operators, loo, is thal of
forgone earnings, largely in advertising revenues.

Direct costs are reported 10 the FCC and are available. Included
are also such capital costs as those of origination studios and signal
importalion equipment and cost to carriers. The indirect cost of
forgone advertising revenue is defined as the potential minus the
actal advertising revenue obtained by cable aperators. Actuoal
figures are reported 1o the FCC; potential revenues are estimated by
reference to the average adverlising revenue in television brosdcast-
ing per houschold ind viewing time.* The unit price of programming
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inputs is their total divided by the number of program hours and
channels,

It is one of the convenient properties of cable television that is
uses very htlle in inputs beyond those of capital, fabor, and pro-
gramming. 11 does not use raw materials or intermediate inpuls to
speak of, aparl from programming. Even its energy reguirements are
quite small, in the order of .7 percent of tolal expenses, if capital
expenses are imcluded (Weinberg, 1972: Tables C-1, C-2). Oflice
supplies, telephone, postage, insurance, and so on add another 1.8
percent of costs that include capital inputs. For consistent treatment
of inpuis and oulputs, this small residuzat inpui is added to the inputs
K, L, and P; since one cannot determine for what the residual input is
4 subslitute, we prorate it Lo K, ., and P.

OUTPUTS

Costs and revenues in cable television are nearly entirely for
subscriplion rather than actual use, Pay-per-view billing systems are
excevedingly rare, and in their absence there are only negligible margi-
aal cosls to the operalar for a subscriber’s actual viewing of the
channels. Hence the numbers of actoal and potential subscribers —
as oppoesed 1o their viewing— are measures of the operalor’s cutputs.

Cuble 1clevision operators’ major outputs are then of the following
dimensians: (a) basic service suhscriptions; (B) pay-TV service sub-
scriplions; and {c) the owmber of potential subscribers that are
reached. The latter is reflecled by the number of “homes passed.”
The larger this number, the more subscribers can petentially be
enrolled, '

YINTAGE

Vinlage is defined according to the year in which the cable aper-
ator commenced transmission, expressed by that year divided by the
sample mean. Most cauble systems, particularly those of medium or
large size, have started operation in the past 13 years.

MATURITY

To estimate the maturity effect, that is, the productivily gains due
1o operationa! experience — holding equal for vintage and scale
economices — tor each observation matority is defined as the ame
lapsed since the commencement of operations. Eoreach observation,
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there are therefore one vintage value and a series of maturity observa-
tions.

TECHNICAL VARIABLES'

Two other variables are introduced in order to adjust for dif-
ferences in the cable systems that may affect costs of production and
ability to atfract subscriptioas. First, the density of population has a
role in determining cost. The farther houses are from each other
physically, the more capital and ksbor inputs must go into reaching
each.?* To altow for density vanations, we define I as the length of
cable trunk lines per household passed. The resuitant ratio is usedasa
proxy for density.

A second vaniable is the number of video chaonels offered by a
cable operator. Clearly, the more channels offered, the more inpuats
required, Atthe same time, one would expect subscription outputs ta
be affected positively, ceteris paribus, singe the cable service is more
varied and hence probably more attractive 1o potential subscribers.

RESULTS

The three-stage estimation of the model yields statistically strong
results; system B2 is 9613, Most of the parameter estimates have very
high t values and are significant at the 0l level, padicutarly the
first-order lerms and their squares.

We first ook at the economies of scale in Llhe system. Using
equation 4, we find an overall elasticity of scale of E = 1,0728. This
means thal cost increase is proportionally less than that of output, and
that 1he relative cost decrease is in the range of 7 percent for each
doubling of oustpul.

We nexl look at the effects of maturity in operation on cost. Here
we find at the sample mean a coefficient of —.2827; that is, cost
decreases fairly prenouncedly with experience in operation — hold-
ing everything else equal. Cable systems seem Lo reduce costs as they
mature, gain experence, and absorb innovations.

However, thesz internal productivity increases are considerably
smaller than those due to the e xternal changes in technology. Tzolating
the vintage effect, we find a coefficient pf —.9223, indicating & very
substantial cost reduction that accompaaies the introduction of new
vintages of cable technology. .

A ook at the control variables is interesting, t00. Here we can
observe the coefficient for density to have a value of a(D) = 097,
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TABLE B.1 Regression Coefficients of Cable Television Cost Function

Varighie Faremefer Estimate f Ratio

a(0) —0,353) (L5545}
al(Pi) 2944 (1927083
al(F} (3537 (3366113
a(¥3) ~0.AL1E ( 5.89219)
a(Qu} 2587 (46172
s(Qb} 80228 ( 4321
a(0c) 0.6 506 (323799
a(D) 6.0897 ( 2.0221)
a(T) {0.0978 ( 3.5470)
af¥) -0.4223 { 4.5401)
a(M) —0.2827 £ 43183
Py {13 0.305 { 3.7581)
a(P1y {F1} 0.191a { 20650
P (P31 -0.2517 {12.3445}
af¥1) {Oa) 0.3354 { T.6900)
affl) {35} -0 1049 {23741
alB 1)y {Qe} 00517 ( 1.4189)
atP 1)y (I 0.1841 { 4.3476)
a{P1) (E} —0,2295 { 5.311M4)
afF11 (V) 1.9554 [ 4.0270)
alP1) (M) 0.222% ( A.1701)
={P7) (P2} 0241 (20.8347)
a(P2} (P3) _{+B400 (26.2213)
a(F2) (Qad 0776 [ 1.5564)
alP 2} (k) 04071 {115
all*2) (Qc) 10,5099 (22.71455)
(P2} (D) -0 1828 [ 3.1995)
al(P2) (E) —0.95%4 (13,9030
all2} (V) —5.2167 . { 8.3702}
a(F2} (M) 06017 { B.5T62}
a(P3} (F3) 0.5464 {15 B846)
alP3} (0a) -D.261B { 4.B6A7)
a3} () —{.3021 { 5.5853)
a(F3} {0c) —3TLT (21.104B)
a(PF3) (D3} —0.0012 ( D.O196)
alP3) (E} 1189 (15.7176)
o3 {¥} 1a1d 5. 1043)
a(P3) (M} 0.37%7 { 4.3185}
ala) {Ga) — 00909 { 2108
a(Qa) {Th) hAt26 ( 38773
a(Qa) {0} 30532 { 1.4516)
al(ya) {0} 02617 ( 3.3656)
af(xal {E) -0.a1&h0 [ £.35500
aff3a) (W) 043586 ( 0.358T)

{conrimaed)
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TABLE 8.1 Centinued

Variable Parameter Estimiale i Ralio

a{Qa) (M) ~0.0822 ( 0.4751)
alQb} (Qb) —00624 { 1.3644)
a(Qby {Oc) a.1iz1 { 31282
a(Qb) {1} 01511 { 2.0675)
#(OQh) (E) 0.2354 ( La4amn
{0k} (V) 5074 [ 0.47285)
a{ () (M) 0.G738 { 04187
a{ e} (Qc) G207 {21.9804)
a(Qey () 4.0748 { 1.82712)
al0c) {ES -0LG0N2 (12.380m
alQc) (V) -206%52 { 47361
afQc) (M) —0.2051 { 33T
alb) - O95} { L.8131)
a{T}E) LOils { 0090600
af{Dv) —T.0066 ( 52110
allM) —1O0726 { 4. 7507
a(EF) {.8912 { 91418
s{E¥} — 19035 ( 1153
alk M) 0.1087 { 0.4030)
&(VV) tin58 { 54133)
e VM) 1.5182 { 4. 460
M) 05841 { 37343
r? 5610

with a good statistical significance. That is, costs are dechining with
density, which is an éxpected result, though its magnitude is not
particularly great. Furthermore, cost savings decline with densily and
there are diminishing economies to density. This would conform 10
the observation that in highly dense inner-city franchise areas costs
mcreise again,

The number of channels, on the ather hand, is assaciated with
mcreasing cosl; this, 1o, is as inwitively expected. Here cost in-
creases rise with channels, implying increasing marginal cost af chan-
nel capaciy.

What do these results suggest? They show productivity increases
— defined as reductions in production cost that are not due Lo changes
in input cest — resulting from economies of scale, vinlage, and
maturity. This, of course, is not surprising. However, the relative
contabution of these factors to produclion cost reduclion is very
interesting. The effect of economies of scale is relatively small. Oper-
aling experience, that is, “internal™ innovation, on the other hand,
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has a much larger effect. And by far the largest contribution is made
by the “external” development of the technology, as expressed by the
contribition of mew vintages to cost reduction.

Some differential between internal and external contributions to
cost reductiosn, of course, could be expected. Adapting an existing
technology is likely to be more costly and slower than starting with a
brand new-technology. But when the rates of cost degrease are as far
apart as we find thes to be, it i5 a slrong indicalor that more than these
usual adjustment issues are at hand. Clearly, if cable syslems were to
compele hiead on, a cost differential as large as we observe would all
but assure thal the older systems would be driven off the markat,
unless they can miginfain o vast difference in scale, and unless they
have been operating for a very substantial time,

Oiher than in those unusval circumstances, then, a competitive
situation would not permit a firm with the slower *internal™ rate of
cost reduction to survive entry in the face of 1the rapid change in
technology. But, of course, they do survive in the real world. One
reason is that no hezd-on compelition exists, outside of a very few
instances of “overbuilds,” becanse existing operalors are not ¢om-
tested by competitive entry and are instead protected by legal barriers
such as de facto franchise monopolies,

The existence of such a productivity lrend differential therefore
raises a challenge 1o public policy. It suggests, first, the need for a
reduclion of legal eqtry barriers as a way of removing g proleclion 1o
incfliciency. Sluggish operators shoold be sublect to challenge by new
entranls with more advanced technology, so that they would gain
incentives (o innovate,

When such s contesting of an existing market does not materialize
as areality or reasonable possibility, regulatory pelicies may be called
for to reduce the differentiat in productivity trends. Instruments of
such a policy could be repulatory oversight, franchise contracts that
have huili-in innovation requirements, and refranchising conditions
requirtRg upgrading. ’

Clearly, these changes arc likely to be painful to Lhe cable televi-
sion imdustry, 1ois Hkely (o point to its record of internat innovation. It
is also lkely lo demonsirale Lhe major capital requirements that must
be parl of such an upgrading, and argue that cable firms would then
have 1o be permitted 1o abandon the redistributory aspects of their
operations, such as universal service, public and government access
channels, and undifferentiated subscription rates. However, these
arguments disregard the fact that substantial capital investments are
made today in new systems, which tend to be under at least as many
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redistribulive requirements as old systems, and that Lthese new sys-
tems are still low-cost producers relative 1o older systems.

For some lime pow, concern has been growing whether the com-
munication revolution, of whtch cable television is an important part,
would lead to the emergence of a class of “information poor,” who
would not be able to afford the new offerings (2nd lose some of the
previously “free” ones), either for reasons of low income or because
they live in remote or iow-density areas, We can now add the concern
of service differentials between newer and older systems, The former
may have a great diversity of program types and program s¢urces,
spread aver many dozens of channels, as well as interactive services
such as videotex, home banking, home shopping, and burglar alarms.
The older systems, al the same time, may have nol much more than a
dozen of one-way channels. Perversely, those commaunitics that wel-
comed cable television first are likely o find themselves neglected in
1erms of sysiem innovation, while those that ook a long time to
permil cable can enjoy the benefits of advanced systems. Of course,
this scenario is painted in somewhat stark colors; but it peints 10 a real
danger.

The presenl study, through jts statistical estimation of cost-
reducing preduclivity increases, thus poinls 10 the need to reduce the
gap between internal and exiernal innovation through policies that
iower entry barriers and encourage competition or through some
reguiatory mechanism, The aim of 1his chapter was Lo demonsirale
the problem. The analysis of oplimal public policy responscs ought to
be a subject for further work.

NOTES

I. Excellent reviews of Lhe litc rature may be found in Mctsan (1981), Kaumien and
Schwartz (1975}, Scherer {19800, Munsheld (1968), Moris and Yaiscy (1973), Weiss
(19711, Johnston (i966), and Yeimon (1972). A recenl survey of empirical evidence is
presented by Scheree (1984).

7. Malerity may include the internal adopiion of innovation, and is a mere
descriptive lorm than "experience,” which may assume & slatic 1echnoiogy.

1. This would hod truc evens when aeeesz 0n10 cable is leazed to outside program
syndicalors under a system of conumon carriage, unless regulistion Forces reguing-
ments for an upgrading of capacity, or unkess perfect price distrimination for access
is possihle.

4, Cable operators usuatly have been astuic in(he refranc kising. The nmajor rade
publication of the industry yootes good advice to s members: Do it while it is
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quiel. . . . Start your negotiations while the public cye is focused on uther jssues”
(Rothbanl, [982),

3. 1nis of courze possible Lhat bids arc nonoptimal in responsc to excessive local
requirements, In most new lNunchising, however, bids are above the minimum
reguirements,

&. This mey change some years from now as direct salellite broadcasting (DES),
mublipoint distribudion systems (M D5, subscription lelevision (STV), and satallile
muasier anlenny systenms (SMAT V) become estublished. Cabte operutors, howsver,
do not appear 1o be affecied at present by polentinl competition. I an industry
survey, T8 peroend of operulors responded in the negative o a qucstion asking
whether ihey thought that DBY would have an inhibiting cfecl on their growth
{Multichanne| Wews, Aprit 26, 1982 40,

7. In anwother line of inguiry, thet of "vintage™ capital models, cupits] has been
held 1o emmbody techaical progress, and has been disaggregaled according 1o its age.
Those models, very dilferent from the present analysis, go back 1o the "embodied
capital” hyputhesis (Abramavitz, 1952; Salow, 1960; Salier, 1966, Solow el al., 15466;
Dhrymes and Kure, 19%64), Another approach has becn 10 measure inpuds in quality.
adjusicd urits { Denison, 1978, Griliches und Yorgenson, 1967).

8. Siarting with Arrow (19621, research considered expericnce processes ar
“learning by doing” (Kaldor, 1962, Alchian, 1M63: Kapping, 19:5; Flaherty, 1981,
Duchaele, 1997, Boston Consuliing Group, 19683,

Y. Furthermore, as Dicwort {1974) has demonstrated, s Divisin index of Lotal
Mactor productivity thal is bused on a transtog Function is exact rther than approyi-
mabe.

10. This imposition of w = @ leads to s general multiproduct cost function, and
this is reasonable. For the concept of homogeneity to be meaningful, all output
quaniities mus1 be able 1o vary, and none can be restriced ko 2era, ohviaring the necd
for the transTioon (3},

El. Withaut the hybrid specification, an equation af the iype of equation 19 could
rel be capressed numerteully in wranslog Foim.

2. Fhe parametes w is lound by minimizing the residual sum of o *w} ( Madalla,
1977 315).

13. Repoting is done according Lo tocel operations, wationul cable companies
tinuitiple sysiems operators, ur MS0s) must therefare report their different oper-
alfons scparately

4. These repoes are likely to be luirly sccurate due to cable companies® vul-
nerubility la FCU charges of misreporling in a period in which they are activcly
seeking new franchises.

B, FCC, Cable Burcas, Physical System File; Commonity File; and Equal
Employment Dpportunity File,

6. To ausure confidentially, financial data had been aperegared in the publicly
availuble FCC documents; particularly detailad subaggregutions — for each state
sccording Lo seven size calegorics, gnd' with many such categories of fnancial
informalive — had heen made avaitable to the suthar specially,

17. (o the slatistical aspects of this scaling, which is widespread in Lranslog
eatimations, see Denny and Fuss (9977),

1B, AH inpul prices are asswned Lo be independeni of production level, Futher
e, bnpull prices are not cantrobled hy cable operators. For programming, some
matket power will exist in the fulure if cuble shoubd become a dominant medium. As
#n adverlising outlet, cable welevision has no particular markel power.
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1%, The Formula employed is aa fotlows: current value = book value % T, where T
is the adjustment feoiorn,

20. Such models have cxisted since 1966 [see Homigan, 1966), and have been
refined by Pogue snd Saldofsky {31969), Pinchas and Mingo 11973, 1975), und Allnran
and Karz (1976). The model used here is lnken Trom the Kaplan and Urwilz survey
(197%: Table &, Mode! 5, which determines bond rating with a fairly high explanatory
power (R = .75), The financisl variahics used in Lhat model are a5 follows: {a) cush
flow belore taxfinterecl charges; (k) long-lerm debifnet worth: (¢} nel income/lotal
aszets; {d) Lotal assels; {c} subwrdination of debt. Bond ratings ranging from AAA
{mode! values =9) o C {=1} can then be oblained for sach ohscrvation poinl by
substilugion of the appropriale inancial values, Bond rates are Lthose reponicd by
Moody's Investor Services (1981). For low ratings, no inlerest rates are reporied by
the services. For the lowest rating (C), the vatues aslimaled by an investmenl baker
specializing In cable tele vision were used {4 percent above prime); for the next higher
ratings, imleresl rates were reduced proportionally until the reporied ratings were
reached.

2l. These are usually restAcied e stadic Tor » low-budget public-access chan-
nek, of an aulomated newsiweather display.

22, I woold be favlty o vicw the guaslity of programs the mselves as Lhe aulplis
of u cuble operator rather Lthan as inpets, Weithee are they produced by oparators, us
mentioned, nor are they 20ld on 8 quantity basis, Under the curmencly exisling
subscription-based syslem of revenue generation {as opposed lo the embryomic
pay-per-view Syslem), PTOgrams SErve as an incenlive to buy subscriplions, nol as
the product nself,

2%, ‘This calculated by dividing tolal TV wdveriising billing (McCann-Erickson,
as reporied in Television Faclbook, Inc., 1980: 762) by a number of TV househelds
LA oD, ss reported in Television Faclhook, Luc., 1980 1da) and by viewing time.
Nielsen figures Tor average weekly viewing of TV houscholds is 42,6 hours; of cable
households, 51.7 hours {Niclsen Cable Status Repor, May 1981, TV adverlising
revenues per houshold vicwipg hours is found at clase 16 5.3 cents.

24. Om the other hand, in depst inmer-city Operations, Costs may go up, Loo,
because cahle must be buried underground. For the year of observalion, however,
onty few inner-cidy Mranchises exisled.
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